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Large Hadron Collider Run |

1232 superconducting dipoles with B field of (up to) 8.3T
1.9K — the coolest place in the universe!
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Z—Ju candidate with 25 reconstructed vertices from the 2012 run.

Only good quality tracks with pT>0.4GeV are shown

SN

[
¢
4

£

, ’
A

Sep 25", 2015 &) KlRMINGHAM 4

Probing the Higgs Yukawa couplings at the LHC

K. Nikolopoulos



The LHC experiments
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A Tor0|dal LHC ApparatuS

Magnets 2T solenoid,
3 air-core toroids
Tracking silicon + transition
radiation tracker
EM Calorimetry sampling Liquid Argon
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ATLAS performance overview
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Snapshot of cross section measurements

Standard Model Production Cross Section Measurements

Status: July 2014
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The Standard Model Higgs boson

— Unification of electromagnetic and weak interactions through SU(2).®U(1)y
local gauge symmetry; massless carriers

— Symmetry spontaneously broken - Higgs field’s non-zero VEV

— Three degrees of freedom of Higgs field — longitudinal polarizations of the
vector bosons [Mod.Phys.Lett. A29 (2014) 1450046], fourth is the Higgs boson.

Re(® s h—VV dgfmed by symmetry bregkmg [Phys.Rev.Lett. 19 (1967) 1264]
» h—ffbar is ad hoc Yukawa coupling«ms

BROKEN SYMMETRY AND THE MASS OF GAUGE VECTOR MESONS*

F. Englert and R. Brout
Faculté des Sciences, Université Libre de Bruxelles, Bruxelles, Belgium
(Received 26 June 1964)

Volume 12, number 2 PHYSICS LETTERS 15 September 1964

BROKEN SYMMETRIES, MASSLESS PARTICLES AND GAUGE FIELDS

P. W. HIGGS
Tait Institute of Mathematical Physics, University of Edinburgh, Scotland

Received 27 July 1964

VoLuME 13, NUMBER 16 PHYSICAL REVIEW LETTERS 19 OCTOBER 1964

BROKEN SYMMETRIES AND THE MASSES OF GAUGE BOSONS
Peter W. Higgs

Tait Institute of Mathematical Physics, University of Edinburgh, Edinburgh, Scotland
(Received 31 August 1964)

VOLUME 13, NUMBER 20 PHYSICAL REVIEW LETTERS 16 NOVEMBER 1964

GLOBAL CONSERVATION LAWS AND MASSLESS PARTICLES*

S BUT Yukawa couplings are ad hoc:

Department of Physics, Imperial College, London, England
(Received 12 October 1964)

- BSM scenarios predict enhanced Yukawa couplings

- Unitarity bounds (through EFT) for fermion mass 3
generation scale (152" gen) A<20TeV A~/ —
[Phys. Rev. Lett. 59, 2405 (1987); Phys.Rev. D71 (2005) 093009] /
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SM

Higgs boson production and decay at the LHC
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The Standard Model Higgs boson

e ATLAS measurement: 125.36 *0-37 (stat) *0-18 041 15 (syst) GeV
* CMS measurement: 125.02 *0-26 5 57 (stat) *0-14,9 15 (syst) GeV

ATLAS-CONF-2015-044

Phys.Rev.Lett 114 (2015) 191803 —
—T 7 T T T [ T T T T f;l&As a?d CMS Preliminary - ATLAS
ATLAS and CMS 3m/m~0.19% Lt Stat. [ Syst. un - CMS
LHC Run 1 Total  Stat. Syst. - ATLAS+CMS
ATLAS H—yy ——— 126.02 + 0.51 (+ 0.43 + 0.27) GeV — '
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ATLAS H—>ZZ -4l | - ! 12451+ 0.52 ( + 0.52 + 0.04) GeV ——
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I ) —
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TR B ol ol WWwW . —
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Higgs boson and precision electroweak observables
Common coupling scaling for all Fermions (kr) and for all Bosons (kv); nho BSM contributions

Combination of ATLAS and CMS results. Average neglects correlations.
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Global EW fit still more precise for ky than Higgs boson measurements
Kv>1 preferred (many BSM scenarios require kv<1)
Global EW fit has ~ no effect on determination of kr

e

f» EXperimentaI information on Yukawa couling esntl _. T
| fully chgracterize the observed Higgs boson!
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top quark

top-quark, mi~173 GeV, has a Yukawa coupling of O(1) — ubiquitous in LHC Higgs boson production
e tth direct probe — discriminate of BSM contributions in ggh

e Complex final states — Extensive use of MVA JHEP 1409 (2014) 087
- — T T T T L B R B CMS \s=7TeV,505.1f;/s=8TeV, 19.3-19.7 fb"
11274 — ATLAS — v - B8 Expected + 16
--- Expected + 2
me \s=8TeV,20.3 " B _ --- Expected (sig. inj.)
bb [~ -& Observed
2, _| ThTh
4
3l — _|
T Expectedcit 3l
2007, e EXPoied L il fcted_
[ Expected t2 ¢ Same.Sign 2|
All Phys.Lett.B749(2015)519 _|
L Combination
10 1 o 10
95% CL limit on p=c/c 95% CL limit on o/c,, at m, = 125.6 GeV
SM

mh=1 25 GeV l.lgso/oupper ATLAS and CMS Preliminary -—ATLAS
LHC Run 1 - CMS
CMS (125.6 GeV) | 45(1.7) | 3.4(1.2) T i
ATLAS bb 34(22) | 1.4(1.1) 2| -
ATLAS multi-leptons | 4.7 (2.4) | 1.8(0.9) <
ATLAS vy (1254 GeV)| 67 (4.9) | - | Physlett B740(2015)222

E=
ATLAS Couplings v i -~
AT LT

e Analyses approaching SM sensitivity Ky
e Some excess over background observed -
» ATLAS tth—yy projection gives 8.2c for 3000 fb-! [ATL-PHYS-PUB-2014-012] K”—‘. —
« Naively (both multi-leptons and yy statistics limited) feasible in Run 11/111 0 02040608 112141618 2
ATLAS-CONF-2015-044
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http://arxiv.org/abs/arXiv:1507.04548
http://arxiv.org/abs/arXiv:1507.04548

h—bb : Results

@ATLAS

e Largest BR (58%@mH=125 GeV) EXPERIMENT

but large QCD background

e Exploit associated production with W/Z ¢
e Complex final states

e Backgrounds: W/Z+jets and top

e Final discriminant; BDTvwH

ATLAS | 1.40 (2.60) | 1.2(0.8) q _
210 (2.10) | 1.89 (0.95) .

ol E 5
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@10 Singletop 5 W 4 £ PRg Vi H b —wenzser 3 ATLAS/CMS observe excess
ij . ——— Background uncert.
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= +C 3 2 . .
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10' W Z+hf — 10
i ==
10°E ERRT Despite challenging pile-up
102 B conditions, evidence for SM
ok B ‘within reach for LHC Run I/
E i : [ATLAS projections =30
= _pTT expected with 300fb""
3 i ATL-PHYS-PUB-2014-011]
E 20l b b b b b b bew g by g 1 E , A , , , , ) T
-4 35 -3 25 -2 -15 -1 -05 0O 0.5 -4 35 -3 -25 -2 -15 -1 -0.5 0
JHEP 01 (2015) 069 log, (S/B) Phys.Rev. D89 (2014) 012003 0g(S/B)
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Run: 214021
* Most promising for down-type fermion/lepton couplings Event: 269834309

» Backgrounds S ] .
- Z - 11 dominant [embedding] | .
» “Fakes”: Multijet, W+jets, top [data-driven]
 “Other”: Dibosons/H->WW* [MC]

« Substantial sensitivity from VBF and boosted topologies
* Three sub-channels: TiepTiep, TiepThad, ThadThad

« BDT for each category: di-tau properties (mr, AR, ...), jet
topology (mj, Anj, ...), event activity/topology (scalar/vector

pT sum, object centralities, ...) epT = 56 GeV, Thas Pr = 27 GeV, MET=113 GeV mj1,2=1.53 TeV,
mMMC=129 GeV, BDT score = 0.99. S/B ratio of this bin 1.0

2012-11-05 09:48:46 UTC
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h—TT

Standard Model Production Cross Section Measurements  siuws: varch 2015

. 11
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H—>uu _ _ . 19I.7IfP‘1I(EI3TeIV)

. d H—>u W 197 ft|>‘1l(§ TeV) > 1000_ .
- Attainable probe for 2" gen. Yukawa 3 of e Ton omCMsd 8 01Jet Tght B8 ——paia  CMS
- BRSM~2 ' 1 0-4(1 szeV),S/B ~O.2% "‘N) Background model _z g 800 i Background model ]
Simple Final State (ATLAS analysis) g gl SwHggsbosonx20 | 5 o bM SMHiggs bosonx 20
] 7 3 @ F Phys.Lett. B744 (2015) 184}
- U (pT>25,15 GeV, pTu>15 GeV) s E - :
- backgrounds: Z/y*—up, top, dibosons 6 £ *r E
- Categorization: central/non-central muons ‘ d o[ .
- Parametric background Model: BW+Expo i ¥ 5
. . 0
- 95% CL upper limit @mn=125 GeV.: o 8 o3
ATLAS : 9.8 (8.2)xSM 5 o3 o5 o
2 \ . ) ) o -2
CMS : 7 4 (6 5)XSM e 13:] [Ge\;]40 oo 6 120 130 140 150 1€
: e —— as m,, [GeV]
] ATLAS-PHYS-PUB-2013-014
| no universal nggs | 7] 00T 3000
coupllng to Fermuons _‘ Negh 1510 | 15100
%50000:m,mllm.,m,]..”Im.[ ‘‘ S %xf 122 1328
C -¢- Data %2 MC (stat)
(L(D) 45000_— ATLAS -Z_/Y DWZ/ZZ/W'Y—E NZH 27 270
o 40000; s gle:’/h_dt e E Nun 18 180
% 35000 Hop'w (] H [125 GeV] x 300 N Nglgg 564000 | 5640000
2 30000F- [Phys.Lett. B744 (2015) 184] 3 , (model) 68 110
oso0ol 000000 E SYS  (fit) 190 620
20000 E Agth 750 2380
""""""" s Signal significance 230 7.00
15000 E A/ 46% 21%
10000 E conservative extrapolation
5000 = (no IBL, Run I categorisation)
110 115 120 125 130 135 140 145 150 155 160 ATLAS/CMS combination (with improvements)
My [GEV] could provide firm evidence in Run II/III
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h—ee

Very rare decay of the SM Higgs

- BRsm(h—ee) ~5-10-°

[non-Yukawa suppressed contributions need to be included Phys.Lett. B727 (2013) 424]

- BRsm(h—T11/pp)/BRsm(h—ee) ~ 1.2:107/4.4-104

19.7 b (8 TeV)

~ 4000 — T T 4
o 0,1-jet BB —— MS 1
g 3500 J Data C S_
= 3000 Background model

SM Higgs boson x 10° 3

=
o B
| 2F
S| 0E .
a2 &
3 ) . . . 3
110 120 130 140 150 160
Mee [GEV]
H — e*e 197fb (8TeV)
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3 0,1-jet Not BB —e— Data 'CMS
o 3000 Unpub/lshed_
:' = Background model
@ 2500 -
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] 2000 =
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0 ]
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Rl 3 7
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-3 . ) ) . -
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o
o

Events/2.0 GeV

LS o -
—purLmotiotine
TTT

25F
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—_
(6]
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o
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[o]
o
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H— e*e
30 —
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TTTTT

19.7 b (8 TeV)
CMS 1

L S S S B
2-jet Tight —— pata

Background model

SM Higgs boson x 10° 3

10 120 130 140 150 160
Mee [GEV]
H—>ee 197fb (8TeV)
2 et Loose — 'CMS 1
o k Data Unpublished
=~ Background model

SM Higgs boson x 10° 7]

140

130
Mee [GeV]

CMS performed this search
- in parallel with h—pup
- simple final state:
two opposite-charged electrons,
pT1>25GeV
- backgrounds: Z/y*—ee, and some ttbar
- Categorization:
central/non-central electrons + 2 jet
categories
- Parametric background model
- 95% CL upper limit BR(h—ee)<1.9-10-3

H-e'e 19.7 b (8 TeV)
§0.14 _I I 1 I I I I 1 1 1 I I I I 1 1 I l_
= [ CMS —e— Observed limit .
2012F —
?r’ --------- Median expected limit -
% 0.1k - +16 expected limit _:
é +2 o expected limit ]
€008 —_
E ]
- 0.06 — —
m -
Q. -
= - ]
0.04 —
O -
2 ]
&0.02 .
1 I L L 1 1 I 1 1 1 L I 1 1 1 1 I I-

120 130 140 150
[Phys.Lett. B744 (2015) 184] my [GeV]
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Yukawa couplings so far...

IIIII

T lllllll

| IIIIIII|

E”'|> 10~ — Observed
SM Higgs boson

[ lIIIIII

T lllllll

1073

LSS IIIIII|

—
<
H
IIIII

- s
.
.
A
Al

o"c

1 ATLAS and CMS
LHC Run 1 Preliminary

.
3
4
.
’
.
.
.
.
.
’
*
’
'!
*
.

b

| IIlIIIII

| IIlIIIII

|- Illlllr‘

| llllllll | llIIIIIl

Illll

107"

1

10

10°

Particle mass [GeV]

ATLAS-CONF-2015-044

* No conclusive direct evidence for h—ffbar, with the exception of h—TT
- h—bb and tth are within reach in LHC Run II/IlI
- Indirectly; Higgs boson should be coupling to top-quark in the gluon fusion loop
« h—pp is feasible in LHC (maybe already in Run II/lI)...
- otherwise 15t/2nd generation Yukawa couplings completely unconstrained
- h—ee has too low rate in the SM
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Charm-quark Yukawa coupling

Recent substantial activity on probing the charm-quark Yukawa coupling at the LHC.
Two lines of attack (non-exhaustive list of references):

— Charm-tagging either at decays h—ccbar or production pp—hc
[ Phys.Rev. D89 (2014) 3, 033014; Phys.Rev. D92 (2015) 033016, arXiv:1507.0291 ]

— EXxclusive decays h—Qy
[ Phys.Lett. B82 (1979) 411; Phys.Rev. D27 (1983) 2762; Yad.Fiz. 46, 864 (1987); Phys.Rev. D88 (2013) 053003;

Phys.Rev. D90 (2014) 113010, JHEP 1508 (2015) 012]

These searches are sensitive to BSM physics
[arXiv:1508.01501, arXiv:1504.04022, Phys. Rev. D 80, 076002, Phys. Lett. B665 (2008) 79]
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Charm Tagging

One may “re-interpret” the h—bbbar search

for anomalous h—ccbar production

— In the SM BR(h—ccbar)/BR(h—bbbar) ~ 5.1%

— Enhancement Y.: 1BR(h—ccbar), |BR(h—bbbar) [through 1T ]
— Constrains only a linear combination of yp and pc

— Need multiple b-tagging points

o BRy; 0 BRyj €, €p, + 0 BRez €y €,

Mo = SM ' SM
USMBR(,E USMBRbg €p, €b,
SM
- BR.." €, €c,
— Mb c
BR%\A €, €by ’
_ a=1+90(175)
R = c = 95—95(180) at 68.3(95)% CL.
3 \\ 5fb~"(7TeV)+20fb~! (8TeV)
\ Stat.+Monte Carlo Error ]
— Extracting info about Yukawa couplings:
account for new production modes y ,
C &
> - — — — — —
ke < 234 at 95% CL, !
s/c W)z
i o a0 w0y — No detailed experimental analysis performed yet!
He

[Phys.Rev. D92 (2015) 033016]
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Charm Tagging

a} ATLAS Preliminary _S 300 ATLAS Preliminary tt simulation, vs = 8 TeV -
~ 2 ‘g 200} Pt > 20 GeV, || < 2.5 -
E"_/ [ 100 JetFitterCharm
&0 = 2 __
ie) _dl_>, C_ontours_ give

O ¥ simulation Em c-jet efficiency |

Vs=8TeV =
P > 20 GeV
-2 |77| <25

JetFitterCharm

-4 1 Jet Flavor

JetFitterCharm Q

1M light medium tag CI’
-4 2 0 2 4 1 2 3 4 10 20 30 40
ATL-PHYS-PUB-2015-001 log(Pc/‘Plight) ATL-PHYS-PUB-2015-001 b-jet rejection

To resolve the two contributions improved c-tagging is needed
— ideally completely separate b- and c-jets

Future H—ccbar searches will benefit from dedicated c-tagging (ATL-PHYS-PUB-2015-001), already
applied in ATLAS s-charm search. [Phys.Rev.Lett. 114 (2015) 161801]

‘However:
|- complicated analysis with large QCD backgrounds
- signal sits on top of large (x20) h—bbbar “background”

- sensitivity to systematics of b/c-tagging efficiency
- need dedicated simulations for decay and productlon
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Charm Tagging in HL-LHC

LHC run H. z?mrlld HL- LHC . LHC run H. and HL- LHC . arXiv:1505.06689
10 N Proﬁllng @ 95% L 7 10 N Proﬁhng @ 95% CL 7 €b €c €l
[ [fb~1]  2x300 2x3000 P ) [ [fb~1]  2x300 2x3000 ] 3
[k, €]0.7,7.2] €[0.9,1.6] 77 _ [ Ky €[0.7,4.7] €][0.9,1.3] ] b-tagging 70% 20% 1.25%
Ke <38 <5.6 P / Ke <21 <3.7 N ] .
ey / ' ' o) c-tagging I 13%  19%  0.5%
Qs i i y / i
o LSS o r / | c-tagging II  20% 30%  0.5%
e / // .
| a4 | | L / | c-tagging TIT  20% 50%  0.5%
‘ // // /// 27 ///
7S l I ,/’/ of <) ] -1
///:///med. b-tag+c-tag I ——--—””’:/z’ﬁ%' : // ////med b-tag+c-tag I1 2 XBOOO fb 0
// S ——— 2%300fb~1 =g / / ——= 2%300fb~1 |Kc|52.5-5.5 at 95 A)CL
. . —— 2x3000fb~1 127//// . — 2x3000fb—1 de endin on the
10 1 10 p . g .
Fie Fe c-tagging scenario
arXiv:1507.0291
g c g h
g -h >
For the HL-LHC the pp—hc could be potentially %@@% I
employed (using high purity Higgs boson decays) ’
to probe the charm Yukawa coupling “
. (o4 C
SM cross section o(pp—hc)~166fb . Sh i c

pp—ch(—yy) 3000 b’
kell 0 10.2510.510.75] 1 [1.25]1.5|1.75| 2

Main backgrounds are

pp—hg (0~12pb) [with g—cc (~35fb)] and s |[874| 877 885|899 |917] 941 |973]1008] 1052
pp—hb (c~200fb)
2%x3000 fb-1 |KC|52 at 95%CL kell2.25] 2.5 12.75] 3 [3.25| 3.5 |3.75| 4 [4.25] 4.5
[pT>20 GeV, ||<5. DR(1 jo)>0.4, £:=0.4, £ c=1%. 0 .c=30%] |S.11097|1148]1206]1276|1350[14241504]1590] 1683|1786
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Exclusive Decays H—Qy

Exclusive decays lead to distinct experimental signatures
— High-pT quarkonium back-to-back with a high-pT photon.

“Direct” amplitude “Indirect” contribution

VvV VvV vV
—p+q P+ q
)2 S )2 S
p+q —p+q H
P+a+Dpy —pta-p,Ng T
vy vy
: 0000000000000000000000000000000 : 7

. Direct amplitude alone: :
. — BRsm(H—J/py) = 5.48:10°% :
. — BRsm(H—Yy) =3.84-107 : Phys.Rev. D88 (2013) 5, 053003

Indirect amplitude: significant contribution, larger than direct amplitude

Destructive interference between the two:
D(H = J/$+7) = |[(11.9 4 0.2) — (1.04+ 0.14)k,|" x 1071 GeV  Phys.Rev. D90 (2014) 11, 113010

Br(h — J/¥v) = (2.95+0.07f,,, % 0.064irect £ 0.14)-,,) - 107°,

Br(h — Y(15) 4.61 4 0.06 4, 6, =137 direct £ 0.22) - 1077,

) = (
) = )

Br(h — Y(25)7) = (2.34 £ 0.04, s, .00 direct £ 0.1147) - 1077,
) = ( )

Br(h — T(35) 2.13 40.045, 5, T 115 divect £0.105555) - 107 b 1508 (2015) 012
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Exclusive Decays Z—Qy: J/y and Y

— Analogous Z boson decays also attracting significant attention
[Nucl. Phys. B 174, 317 (1980), Theor. Math. Phys. 170, 39 (2012), Phys.Rev. D92 (2015) 014007, JHEP 1504 (2015) 101]

— These exclusive final states are experimentally unconstrained
— LEP has accurately measured couplings to b- and c-quarks (~1%),
but couplings to light quarks less constrained
— Sensitive to BSM contributions, e.g, FCNC processes Z—K%/D%/BO%/Bsy (currently

constrained indirectly)

Recently, a number of numerical results
have appeared, for these decay rates.

JHEP 1504 (2015) 101

Decay mode Branching ratio
70 — 7% 1 (9.80 013 . £0.03; +0.61,, = 0.82,,) - 10712
70 — pOy (419 %006 . £ 0.16; +0.24,, +0.37,,) - 107°
70 — wy (2.89 t008 L £ 0.15; +£0.29,, +0.25,,) - 1078
70 — ¢y (8.63 1515, +0.41; +0.55,, +0.74,,) - 1077
Z° = J/Yy (8.0210:15 4 £0.20; Tg5g,) - 107°
70 = Y(18)~ (5.39 7010, £0.08, 048 5) - 1078
70 — Y(48) v (1.22 1505, +0.13, 75052 ). 1078
70 = Y (nS) vy (9.96 7915, +0.09, 7329 ). 1078
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h—J/py and h—Y(ns)y

Phys.Rev.Lett. 114 (2015) 121801

ATLAS performed the first
search for these exclusive
decays of the Higgs and Z
bosons H/Z—Qy
where Q = J/p or Y(1S5,2S,3S)

Signature: p*u-+y
— event selection:
single(di)-muon trigger
pT,>20,3 GeV,
prp>36 GeV,
pTy>36 GeV
U and y isolation,
[ J/w mass requirement ]
Lxy significance,
A@(up,y)>0.5
— total signal acceptance/efficiency
H(Z)—J/wy— U U +y ~ 22% (12%)
H(Z)-»Yy— U u+y ~28% (15%)
— Mmyuy Mass resolution ~1.2-1.8%

I|IIIIIIIII|III|III|III|I_

> [ | 20121 -
0] H ATLAS Simulation 1 5 " "+ .. o ATLAS Simulation -
N 0P Hodvy 1 S 01k A Zodyy
g i Before selection i g ' - EE pT - pﬁ . Before selection i
Lﬁ 0.08 B After selection 7 |_|>_| 0.08 ; E After selection ]
0.06 S 1 006} | -
7 0.04fF i -
| 1 002), .
‘ :§ 3 et : .:' ik gz | ', "‘?“iz.‘.__ mw".:v....‘_ T L | :
00 20 40 60 80 100 120 140 0O 20 40 60 80 100 120 140
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~— III]IIIIIlllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S 01 ATLAS Simulation |
_.\tg H— J/yy
c
0 0.08 H— Y(nS) y
LLI ..........

| ere+y
| experimentally more challenging
- dedicated reconstruction for
nearby electrons

- poorer mass resolution/efficiency

|- typically larger backgrounds N

: Before selection

After selection

T

0 :: Auidkd

| | | | 1 | 1 | | | | I | | | | | | |
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h/Z—J/ypy and h/Z—Y(ns)y

Categories

Phys.Rev.Lett. 114 (2015) 121801

For this search simple - detector performance driven categorisation

— Muon pseudo-rapidity
— Both Central/One Non-Central
— Photon Unconverted/Converted

% :l | I L I T T B I | I | | | T T T4 % :l | I L | T T I I | I T T I I L I:
83505 | o ATLAS : S 2500 + a ATLAS -
§300;_F" s=8TeVJ-Ldt=19.2fb'1_f § E—Fit s=8TeVJ-Ldt=19.2fb'1E
— - Jiy Loose Isol. Soft p_ - — 200 vy Loose Isol. Softp_  —
..g 250:—_“ Backaround J/y v channel —: % - Bl Bockaround J/y v channel il
) B g Barrel Categories i ) i g Endcap Categories ]
|_|>JQ()0:_ G =44+1 MeV - i 150 G =74+3MeV -
150F E 1ooi -
1001 - I ]
- : 501 —
o0 ] i i
0_ ------------ v 0_||||||||||||-|-|-|-|-|-|--|-|-|-|-|-|-|-|-:-||||||||||||

2.7 2.8 29 3.0 3.1 3.2 3.3 34 35 2.7 2.8 29 3.0 3.1 3.2 3.3 34 35

M, [GeV] m,.,- [GeV]
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h—J/yy and h—Y(ns)y: Mass Resolution

barrel

- ATLAS Simulation !
_ Barrel Converted H— J/y y

7 __
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h/Z—J/ypy and h/Z—Y(ns)y

Phys.Rev.Lett. 114 (2015) 121801

Background

— inclusive quarkonium with jet “seen” as y

— small component of combinatoric
— contribution from Q+y production

— Non-parametric data-driven background estimation
— for Y(nS)y also Z—upyrsr from side-band fit
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h/Z—J/py and h/Z—Y(ns)y: Results

% /] :—I’l LI I LI I LI l LI I LI I LI I LI I LI I LI I'l; % 25_] T Ll T I T ] 1 I I T T ] T I T 1 1 1 I ] 1 I_
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— No significant excess above 6 E 5 _‘
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h/Z—J/py and h/Z—Y(ns)y: Results

20.3 fb! ATLAS \s=8TeV

20.3 fb! 20.3 fb!
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Phys.Rev.Lett. 114 (2015) 12, 121801
95% CL, Upper Limits

Firét search for H/Z—Qy, indications for non-universal

J/0 [ Y(IS) | T(29) | T(3S) | " Y(nS) E Higgs boson couplings to quarks, will constitute the
B(Z = Q7)[107°] | basis for Run 2 and HL-LHC extrapolations
Expected | 2.070% | 49737 | 62712 | 54737 | 88751
ST/ S TaT=Em—— BR 95% CLs upper limits:
Expected | 12708 | 18702 | 20701 | 18709 | 25013 ~10-3 level for Higgs boson (SM production) decays
Observed | 1.5 1.3 1.9 1.3 2.0 and ~10-° for the Z boson decays
o(pp— H) x B(H — Q) [fb] ~

Expected | 26712 | 38+19 | 45%21 | 38+19 54127 CMS recently obtained 95% CL upper limit on
Observed | 33 20 41 28 44 BR[H—(J/w)y] < 1.5x10-3 [arXiv:1507.03031]
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h/Z—J/py and h/Z—Y(ns)y: in the future

This is a niée and, relatively, clean final state.
| Fun and interesting thing to do!
|
' Drawbacks:
1) Small branching ratio, a handful of events expected even at HL-LHC
2) At SM sensitivity significant contribution from non-resonant h—upy ~3xh—J/py and Z—puuy
| 3) This channel is also affected by potential “anomalies” in the h—yy loop

3000 fb! @ 14 TeV

J /W y Final state
Expected Background Signal
Inclusive QCD Other Backgrounds — I Ly B s e s s s B
Mass R GeV Z—-utu~y Hywy — utu” > - . : ]
80—12(1)5(? angel[15?13']5 R vy T RRY 7 8 900:_ ATLAS Simulation _:
Cut Based Analysis ~ 7800+£500 3500+400 780 100  15.1 1.4 62+3  3.120.1 o - Preliminary ]
Multivariate Analysis 17004200 13.7 +1.3 2.8+0.1 — 800F s=14 TeV, 3000 fb 3
%) - e Data (Bkg. Only) -
§ 700 — S+B Fit B
L1 _ [] Background N
600 []H Signal x 100
Expected branching ratio limit at 95% CL 500 = [ZSignalx10 3
BH - J[yy)[1076] B(Z - Jyy)[1077 ] : .
Cut Based Multivariate Analysis Cut Based 400 - e
-1 81 69 2.7 - .
300 fb 18575, 1537 7.0"5, 300 =
-1 24 19 1.9 n .
3000 fb 55775 44705 4.477 200:_ E
Standard Model expectation - .
BH - Jpy)[107¢] B(Z > J/yy)[1077 ] 1001 =
2'9 i 0'2 O°80 i O°05 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 :
60 80 100 120 140 160 180
m,., (GeV)
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H—ZJ/y and H—-ZY(ns): A short note

arXiv:1411.2210 Déviation
Z Z =
- H - H 500m
7 1% o 1%
| H¥>ZQ could be another, way to approach the charm/bottom Yukawa
L couplings, quite similar to the exclusive H—Qy decays discussed earlier.
arXiv:1411.2210
Br(H — ZV) J/(1S) T(1S) ) ) )
Brr, 1.75 x 10~° 1.68 x10™° ' =I"1k% 4+ I'ok%. + I'ars+
Brr, 1.14 x 107° 8.33 x 107% 1%V 272 S7Q
Brr, 8.52 x 107° 5.80 x 1077 Tiokv K Tiakvkn + Dok ok
Brr,, 4.50 x 107 1.10 x 1076 12kVEZy T 113KV RQ 232y @
Brr,, 3.89 x 107%® 2.89 x 107°
Brr,, 1.97 x 10~ 7 4.40 x 10~7
/ need to account for the additional
i — - ~6% BR(Z—ee/up)

and properly evaluate S/B

BRSM H—>ZJ/L|J) |

- = UNIVERSITYO©F
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| BRsu(H—J/yy) -
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Light-Quark Yukawa couplings

Initially, considered impossible at the LHC, recent activity on its feasibility:
— Exploit the exclusive decays H—Qy as direct probe to the quark Yukawa couplings

[ Phys.Rev.Lett. 114 (2015) 101802 ]
— Sensitive to BSM physics [Phys. Rev. D 80, 076002, Phys. Lett. B665 (2008) 79, Phys.Rev. D90 (2014) 115022]

The idea is to benefit from the interference of the “direct” and “indirect” amplitudes!
Phys.Rev.Lett. 114 (2015) 101802

Y, : AN BR,HM:Ky[(3.0i0.3)1<},—0.781'<s] x 1070
’ _ BRy.,, £[(1.94£02)k,—0.24k,—0.12k,] x 10~
Paihaie A BR,_,; 0.57k3 ’
BR_,, #&/[(1.6£0.2)k,—0.59%,—0.29%,] x 107°
i ~ BRy_y 0.57k; ’
N\ 4

ks = mg/myp ~ 0.02
Kqg = md/mb ~1-1073
‘- /1. O I?Gu = mu/mb ~ 4.7 - 10_4

JHEP 1508 (2015) 012
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Light-Quark Yukawa couplings

BRh_,(m,/BRh_)M Phys.Rev.Lett. 114 (2015) 101802

15 P
1.0
0.5t
1S 0.0}

_0.5F

—10f

07 08 09 10 L1 12 13

K
Ry
P—K*K- (BrR=48.9%), ~8 events 100 fb-' @14 TeV!
wW— T T 1Y (BR=89.2%) Similar rate
P—TT*1T" (BR~100%) €Xpect ~100 events!

Interesting/experimentally challenging topologies!
- triggering on a photon + narrow hadronic jet
— will benefit from ATLAS FTK
- boosted decays but overwhelming QCD backgrounds,
- ['v and w-p interference

arXiv:1505.06689
Preliminary “back-of-the-envelope” study gives pessimistic prospects of k<O (2000) at the HL-LHC
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Quark/Lepton Flavor Violation

— Indirect constraints from low-energy data; certain transitions still loosely constrained
[ JHEP 03 (2013) 026; Phys.Lett. B712 (2012) 386 ]

— QFV: constraints from flavor physics
— LFV: constraints from y—ey, 7—u/ey, u/e g-2, EDM
BR(H—eu)<10%; BR(H—eT)s10%; BR(H—pu1)<10%
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FCNC in t—gh

Process SM QS 2HDM-III FC-2HDM MSSM
t—>uy |37-107" 75.107° — — 2-107°
t — uZ g-10°"7 1.1-107* — — 2.107°
t—>uH | 2-107Y7  4.1-10 55-10°° — 107>

t—scy |46-100% 75.100° ~107° ~ 107 2.107°
t - cZ 1-107% 1.1-10% ~1077 ~10719 2.107
t—>cH | 3-100%  41-10° 15-102° ~ 107 107>

Light quarks challenging, focus is on top-quark decays in ttbar

* ATLAS comprehensive search for t—gh(—vyy, bb, WW, 171),
where gq=(c,u) [ h—bb discriminates ¢ and u]
e 95% CL upper limit on BR(t—ch): 0.46% (0.25%)
e 95% CL upper limit on BR(t—uh): 0.45% (0.29%)
e CMS combined h—yy and multi-lepton search.[Phys.Rev. D90 (2014) 112013]
e 95% CL upper limit on BR(t—ch): 0.56% (0.65%)

BR(t—Hu) [%]

1

0.5

lIIIIIIIIIIIII

_0.5— + Standard Model

- X Bestfit
- —68% CL
[ ---95% CL
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BR(t—sHc) [%]

|;\'tuHI

tt — Wbhg —> éubbbq [arXiv:1509.06047]

ATLAS |
\s=7TeV,45f"
\s=8TeV, 20.3 fb™"

BR(t—Hu) = 0

— QObserved

Expected + 1o

Expected + 2 —

1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1

H-WW* 77 —
H-yy —
H—bb [— ‘
Combined —
i
0 0.5

0-25_ T l T T T I T T T ] T T T I T T T I T T T I T T T I T
~  ATLAS — Observed ]
0 2: \s=7TeV,45f" === Expected + 1o ]
I \s=8TeV,203f7" Expected +26 -
[ Combined i
0.151 .
0.1 -
0.05[ -
- - [arXiv:1509.06047] :

L 2 R T W
06,08 6.04 0.06 008 01 043 014

1 15 2 2.5
95% CL limit on BR(t—Hc) [%]

Lrone = AsegtHe + AygtHu + h.c.

Pl
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 Direct search for Lepton Flavor Violating h—T1p
e Thd (ATLAS and CMS)
e Background: fake 1 from W+jets/QCD/ttbar, Z—T171
e Ted (CMS-only)
e Background: Z—T1T
e Small contribution from h—T1r1
e Categorize in number of jets: 0, 1, 2 jets
e Data driven background estimates
* /—TT embedding
 fake T from side-band method
e Discriminant variable: MMC (ATLAS), collinear mass of yt system (CMS)

[Phys.Lett. B749 (2015) 337]

X
-
1o
w

19.7 o™ (8 TeV

% - CMS ® Data N % 3; AITL,iQS . —oI—D:Iatazmz 20 fb”! _;
(OD 60 — [ ] Bkgd. uncertainty ~ _] Q) C ur events m H(125) - tu (BR =0.77% H
SO coorrpes B SMH 1 © 25 (s-sTev [Lat-2031" -fvf.ets(g’:s‘;sss’ =
..9 - f - |:| Z-ow - - E ] Samtla Sign E
c S0 er - = — Z 5+ W ] I 1
g _ =§:T,t 1 2 ° ) e O e CMS 95% CL upper limit on
g A B I . - BR(h—p1)<1.51% (0.75%)
§ 30 R [arXiv:1508.03372] aE e 2.40 excess over background
S 1 osh E * ATLAS 95% CL upper limit on
2 E : s BR(h—pT1)<1.85% (1.24%)
10[- ‘ - E * More stringent than indirect
- - constraints
§90_1f_ ........................... e =
S S A G 'S
géoj ...... +_+_ .......................................... =
e 100
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LHC Run Il

ATLAS

EXPERIMENT First Stable Beams at 13 TeV

LHC Pagel Fill: 4402 E: 6500 GeV t(SB): 00:46:54 21-09-15 21:47:16

PROTON PHYSICS: STABLE BEAMS

6500 GeV I(B1): 1.24e+14 I(B2): 1.23e+14
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LHC Run Il

LHC Pagel Fill: 4402 E: 6500 GeV t(SB): 00:46:54 21-09-15 21:47:16

PROTON PHYSICS: STABLE BEAMS
6500 GeV 1.24e+14 I(B2): 1.23e+14

‘.l—'_' - T T T | I T T | T T ! | T ! - 'LB‘ T T TT | I | I I I | I | L I T 1T ] L | | I T T T
Q - g - - - ; - _
2 900 ATLAS Online Luminosity  is=13Tev 5 L B ATLAS Online Luminosity 2015, Vs=13 TeV -
Z 800 ] LHC Delivered E 2 - .
é 700§ ATLAS Recorded = > oF B 50ns: <p>=20 —
= — 7 - : _ .
% ~  Total Delivered: 710 pb” Q 4l B 2onsi<u>=17 T
%’ 600 Total Recorded: 647 pb’ = = - .
Q - = > ] ]
g % z S 3 3
(@) — ] () — _
g 9% 5 5 ]
= 300 - = 20 .
8 m E Q . ]
S 200 = 1= -
100F- = - -
O | | N RS o SWH I .
24/05 ~ 22/06  22/07  21/08  20/09 0 5 10 15 20 20 30 35 40 4 50
Day in 2015 Mean Number of Interactions per Crossing
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First resonances in Run |l
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-030/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-030/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-039
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-039
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EGAM-2015-003
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EGAM-2015-003

W and Z production
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Summary

Yukawa Couplings EWSB L : 7 . .
1stgen. 2Mgen. 3 gen. - Yukawa sector I|!<ely the least theoretically motivated
mass - =2.3 MeVic? =1.275 GeVic =173.07 GeV/c* 0 =126 GeVic® 1\ and Constralned par’t Of the Standard Model
- @ @Y/ @ ¢ | — Particularly for 1st/2nd generation.
up ? charmHI— g /TII  gluon ggggﬁ
v o5 avic s New Physics could be lurking here!
@ 9-©| @
down || strange © botkB/III  photon A wealth of information has been collegted over the
o e — —— last few years on the nature of the Higgs boson
9. 0. @ @ - — Yukawa sector still relatively unconstrained
electrox mu] / IIT tau V Z boson . .
. (o5 e Currently, under intense experimental and
o 0 0 0 +1 H .
oD Ly L0 W phenomenological focus; many new results
5 electron muon tau Wb (h—>J/L|JY, h—>T|J, t—>hC])
“ neutrino neutrino neutrino oson , .
- and new ideas/approaches to probe this sector at
High the LHC appear!
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o aecannemml) | 'Ngenuity, both from both theory
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uminesiy | ‘the LHC phyS|cs potent|al H
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| Runl | today | Runli | Runlll | HL-LHC
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SM Higgs boson production at the LHC

- I ; I 4 86%
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SM Higgs boson decays

s ' | =3
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m B o s
= T 18
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N g 7
10'4 | I A | | | | |
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mu~125 GeV gives access to several decay channels
Gauge bosons: vy, ZZ*, WW*, Zy
Fermions: bb, 11, yu
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Overview of rate measurements

ATLAS Input measurements

Individual analysis +1conpu
m,, (GeV)
Overall:p = 1.17°9%7 11254 I : : oot
Y ggF:nu=1.32 g:zz 125.4 . . : ——
VBF:u =0.8 27 125.4 : . '—°"—'
WH: u = 1012 125.4 ! ‘
ZH:n=0.1 2: 125.4 [
1= 1.44704 [125.36 : : : =
H - 77* Overall: u = 1.44 " : : : :
ggF+ttH: u = 1.7 | 125,36 : I ; e
S 16 : : . : .
PO 0% 00 1536 |, e T
Overall: u = 1.16’2';t 125.36 ' : . ot
H — WW* 5 L
ggF:u =0.98 gjzz 125.36 . . . 4
VBFin=1280% |12536) 1 1 1 He—!
. apl6 . . . . : :
VH:u=3.0 " e T T P A e
Overall: p = 1.43'%%° |125.36 ) : : : .
H- 1t 037 : : : : :

ggF:n=2.0 12 125.36

L +0.59 . . . : .
VBFeVHi =124 o liosae| . 0 1 e
Overall: p = 0.5207° [125.36 I : |
VH — Vbb 1065 ‘ : : : :
WH: p = 1.117°% 1425 ; : N e e
0.52

ZH:u =0.05
0.49

125 1 Il ll.lll §1| 1 |.| Il Il Il

H— uu Overall:p =-0.7">7 11255
1 I 1
H - Zy Overall: p = 2.7:12 125.5
bb: u = 1.5 (125 j : P ———
ttH H 1.1 :

Multilepton: p = 2.1‘1': 125

2.62 . . . : . . :
sliesa | e

yy:u=13

\s=7TeV, 4547 fb" —2 0 2 4
\s=8TeV,20.3 b Signal strength (u)
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Overview of measurements

ATLAS-CONF-2015-044

Table 5: Overview of the decay and production channels analysed in this paper. To show the relative importance of the
various channels, the results from the combined analysis presented in this paper for my = 125.09 GeV (see Tables 10
and 11 in Section 5.2) are shown as observed signal strengths p with their uncertainties (the expected uncertainties
are shown in parentheses). Also shown are the observed statistical significances (the expected significances are
shown in parentheses) except for the H — uu channel which has very low sensitivity. For most decay channels,
only the most sensitive analyses are quoted as references, e.g. the ggF and VBF analyses for the H — WW decay
channel or the VH analysis for the H — bb decay channel. The results are nevertheless close to those from the
individual publications, in which, in addition, slightly different values for the Higgs boson mass were assumed and
in which the signal modelling and signal uncertainties were slightly different, as discussed in the text.

Channel References for Signal strength [u] Signal significance [o]
individual publications from results in this paper (Section 5.2)
ATLAS CMS ATLAS CMS ATLAS CMS
H—yy [51] [52] 1157937 112433 5.0 5.6
R R ) (4.6) (5.1)
H—o ZZ > 4¢ [53] [54] 151703 1.057033 6.6 7.0
o3 (30 (5.5) (6.8)
H—>WW [55,56] [57] 123703 0.91797} 6.8 4.8
Co20) “050) (5.8) (5.6)
H- 11 [58] [59] 1411032 0.897034 4.4 3.4
“033) ) (3.3) (3.7)
H — bb [38] [39] 0.62703  0.8170% 1.7 2.0
R I s (2.7) (2.5)
H - pu [60] [61] —0.7+3.6 0.8+3.5
(£3.6) (£3.5)
ttH production  [28,62,63]  [65] 19795 2970 2.7 3.6
Cha (o8 (1.6) (1.3)
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top quark

The top-quark, m~173 GeV, has a Yukawa coupling of O(1)
— its presence in LHC Higgs boson production ubiquitous tth—Leptons
h—ttbar kinematically forbidden; direct information from tth
— direct measurement to help discriminate of BSM contributions in ggH
e h—Hadrons (bb, Thth, WW) -

Higgs boson decay mode
Category WW* v ZZ* Other
2€0Thaq 80% 15% 3% 2%

e Use leptonic or I+jets decays of associated ttbar 3¢ 74% 15% 7% 4%
e Backgrounds ttbar+jets, W/Z+jets 21t 35% 62% 2% 1%
* h—Leptons (WW/ZZ/1T1) a¢ 69% 14% 14% 4%
* Exploit also W—lv from top decays 1£27hag 4%  93% 0% 3%
e Same-sign di-leptons, tri-leptons, four-leptons h—up/bb

e Backgrounds ttbar+W/Z,di-bosons, fakes
* h—yy

e Focus on Higgs decay, top used for event tagging
e Complex final states — Extensive use of MVA techniques

= : C : C ———— ATLAS-CONF-2015-006
g 40F \s=8Tev,2031" (IZVR - Data 2012 — tot. ATLAS Preliminary s =8TeV,20.3fb" R S
S = ATLAS Preliminary Cltiw MRare 7 — stat.
W 35E @l Non-Prompt [V 27,4 = \s=8TeV,J-Ldt=20.3 fb' —
30:— — ttH(125) [tz 3 tot (stat)
- * ] 2007},q 1 |~—o—+ 2.8 173 (12 o | ATLAS Preliminary
25_— —] — ]
20 = 30t | | 2.8 172 (2
E B 2t 4 — —
15— —
1OE XXXRXXAXHXAXK: = 2e17—had i H—— 0.9 +23(; ((T125?;'
- : 3 -
S ey %—‘ = 4/t %——0 1 1.8 ?3 (ng? 1 —=a— Observed CL_ limit
" > . & T e | e Expected CL -
0 : Y T - Expected CL1s signal Injected |
F T T T T T +9.6 (+5.2 had E ted +
o of 3 127, : | -9.6 138 (53 : T Expected £2 ¢
m F ]
-~ 2F + I E 14 (+1.1
- — : + +1.
% e . |4 >mbined} e 2.1 43 1o Al —
o E b + | g A0l Lo |
3 4" 5' 6 7I 8' 1 1 1 1 1 1 L 1 L 1 1 1 10
-10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 95, CL | t /
: Imit on u=6/0
Number of jets best fit u(ttH) = o/og) for my, = 125 GeV °vs H=0T0gy
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top quark

CMS Vs=7TeV.505.1fb " {s=8TeV, 19.3-19.7 fb"

- B88 Expected + 16 JHEP 1409 (2014) 087
--- Expected + 20
- --- Expected (sig. inj.)
bb [~ -&- Observed
T CMS performed

. similar searches

3l
Same-Sign 2l ATLAS-CONF-2015-044
Combination ATLAS and CMS Preliminary - ATLAS

1 10 LHC Run 1 - CMS
95% CL limit on o/cg,, at m,, = 125.6 GeV - . ®ATLAS+CMS

E —+ 1o

=125 Gev 2 =

HEP 1409(2014) 087

CMS (125.6 GeV) | 4.5(1.7) | 3.4(1.2) . ;
ATLAS bb 3.4(22) | 1.4(1.1) i —~
ATLAS leptons | 4.7 (2.4) | 1.8(0.9) K —
ATLAS vy (1254 GeV) 67 (69) |~ |Physton 7400015 222 =

ATLAS Couplings _ _ ! K.

e Analyses approaching SM sensitivity b
e Nevertheless, excess of events over background observed B
— No firm evidence yet ) — -
e tHq sensitive to anomalous top-Yukawa CMS u9%,,<6.7(5.0) [arXiv:1504.031 005 04 68 08 T e A e 2
e ATLAS tth—yy projection gives 8.2 for 3000 fb-! [ATL-PHYS-PUB-2014-012] rarameter value
e Naively (both leptons and yy statistics limited) feasible in Run II/ll|
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h—bb : Results

e Largest BR (58%@mn=125 GeV) 1 JHEP 01 (2015) 069

Y 0.1_ T LN S | T T T T T ™
but large QCD background b E 0 .0gE 2 A= 0.4 LOWSJES +in situcorection ~ ATLAS Preliminary -
» Exploit associated production with W/Z ¢ _ p Data 2012,1s =8 TeV

b 0.08-n=00 [] Total uncertainty

= Absolute insitu JES

e Complex final states

0.075—
. - =« Relative in situ JES
* BaCkgroundS: VV/Z"'JetS and tOp 0.065— «« Flav. :ompo;ition, inclusive jets
e Final discriminant: BDTvH 0.05F- et Py evaregn 2012 condions

including mep and up to 16 variables
e Separate final states:

0.04
0.03|

Fractional JES uncertainty

Jet Pt scale uncertainty

[llllIIIIlllllllllllllllllllll

e number of leptons: 0, 1, 2 0.02) J
e Pr(V) or MET 0.01
e number of jets and b-tags (MV1c) 0 S : ;
* >50% improvement w.r.t. previous results b =0 5040 ¢ 2ar 0 P [26231
« BDTvh, improved b-tagging (MV1c), Mob... '
» main systematic WWbb modeling o°
90>—<"'""""'"'|'1'|I"|"'|"'1'H|

@EXPERIMENT

- ATLAS Simulation ié b1, Resolutions (0ggc-0)/cgq
— Pythia VH, H — bb MC ; ‘1‘ — 16.4 GeV

- 2lep., 2 jets, 2 b-tags
-

(0]
o

[ 144 GeV  12%
E |
% == 141GeV 14%

T
T
-
5
Q
G
by

Events / 4.0 GeV
» ~l
(@] o

o)
o

o Global Sequential Calib. (GSC)
© 4+ Muon-in-Jet Correction

IIII|IIII|IIII|[III|IIII|[III|IIII|IIII|I L1

3 }
40 E_ A+ Resolution Correction \ l!
30 F
20F-
10 ..
O: PRI TR T:@?¢|[ e v v by o ;h;.%_“
\\ 0 20 40 60 80 100 120 140 160 180 200
Run: 204763 \ A\ AN f f m,,. [GeV]
Event: 49333326 \ — A\ AN / bb

Date: 2012-06-09
Time: 16:08:25 CEST
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H—bb: mp, resolution

90><1 0°
% : I ATI.LAISI IS. I |I i- I I I | I I I I I | ‘I” | ‘I I I | | | 1 | I I I | I | ! I: > B L I L .I 1 l. | LI I L L I+l | I I | I L | LI |—
S go = ' imulation é# %’ )f Resolutions  (0gec"0)/Ggg, 8 01 ATLAS Slmulatlon N Resolutions  (065c-0)/0 gy
o SUE Pythia VH, H — bb MC Ep. % ‘1{ — 16.4 GeV 1 & | PythiaVH, H—bbMC i\ —16.4GeV 7
< 20 - 2lep., 2 jets, 2 b-tags $ T\ 144GeV  12% 4 < - 2lep., 2 jets, 2 b-tags ,4 Yoo 114GeV  30%
B - p‘T’ inclusive : %-.-. 141 GeV  14% - ; 0.08_— P¥ inclusive $' z‘,‘ |
S 60F i =0 i ; i
> = [ 4,7 B " -
O enF i 4w - ) i
S0 - 0 Gilobal Sequential Calib. (GSC) Z\ = 0.06~ 5 Giopal Sequential Calib. (GSC) A ]
40 - © + Muon-in-Jet Correction i = B + Muon-in-Jet Correction ' l- -
— A+ Resolution Correction [l - - + Kinematic Likelihood Fit i —
~ 1 - 0.04— o
30 — _ i
201 '-& 9 0.02- -
10 LN — l _
— N B, - — I

O: o - S 'f - _ | L Y-l R T A N S T A B A TR - - PO
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_ _ S _ -1
ATLAS o Data 2012 ATLAS  \s=7TeV, [Ldt=4.7 fb™; \s=8 TeV, [Ldt=20.3 b

L0
)
2 10 A = VH(bb) (1=1.0) L L E L B N I
= \s=8TeV [Ldt=20.31b == Diboson
Lﬁ 106 tt. - — tot —
-I\SIIISI%inZ top o tat tot (stat syst)
10° mmW+hi e
- ﬁWTI JPTE L +1.50 +;.?25-+~O-.8'6"~ my= § TEr 95%
10' g = Z+hf eV~ e LRI IR 105 oy |Significance | p™"upper
= 4 I T L
- Z+l
10°E WU | ATLAS | 140 (2.60) | 1.2(0.8)
102 STeVi™ Fet 065704 (Zo32 Z024)
- 2.10 (2.10) | 1.89 (0.95)
10
1 - JHEP 01 (2015) 069 ymbination {— o1 ( +0.31 +025 ) —
E|||||| L NS —037l I—|0.'|30I—IO.I22I |
%-‘ 2:"]'"'I""I""I""I""I""I""l""l""l_'f -4 -2 0 2 4 6 8
2 of - best fit u=c/c__for m =125 GeV
a 24353252151015(505—_ 0 CS...,I. \s=7TeV,L=50fb" \s=8TeV,L=18.9fb"
-4 35 -3 25 -2 -15 -1 -0. 8 107 M ® Data m,, = e
log, (S/B) 5 10° - \s= 7TeV,L=5.0 b B v+ Sp'\iSVH;H—)bB e
- -§ 105 - 'S = 8TeV, L = 18.9 fb™ [ ] Background Combined L = 1.0+ 0.5
 Run | dataset ~SM sensitivity | & ;g fahe 05 255 Sackgromnd
ATLAS/CMS observe excess over |
expected background " 2V RED)
— no firm evidence yet 1
10-1....l....l....l....l....l....l....l...
Despite challenging pile-up Lo Flder=0se | = 2000
conditions, evidence for SM within | g iFe—e—eeeraeoempuat2tT L i
= = =
reach for LHC Run Il 05 - E
] ]  idoio064 ' ' ' ' ' 7/(v2v)H(bb)
[ATLAS projections =30 Jf5 °F i
. 1< 2 MW‘H—Q—WQ +++ &3
expected with 300fb-" I ost T i a— ",
ATL-PHYS-PUB-2014-011] L Y Best fit u

Phys.Rev. D89 (2014)1 012003

vo

log(S/B
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« Most promising for down-type fermion/lepton couplings Run: 214021 2012-11-05 09:48:46 UTC
Event: 269834309

« Backgrounds ;j-prong
« Z — 1T dominant [embedding]
» “Fakes”: Multijet, W+jets, top [data-driven]
 “Other”: Dibosons/H->WW* [MC]

* Three sub-channels: TiepTiep, TiepThad, ThadThad

« Two exclusive categories/final state: VBF (2 jets with
large An) and Boosted (large di-tau pT)

« BDT for each category: di-tau properties (m, AR, ...), jet RS L 7. /— . ATLAS

topology (mj, Anj, ...), event activity/topology (scalar/vector | ¥ * -?_ L EXPERIMENT

pT sum, Object Centra”tieS, ) ept = 56 GeV, Thad pT =27 GeV, MET=113 GeV, mj1j2=1.53 TeV,
mrMMC=129 GeV, BDT score = 0.99. S/B ratio of this bin 1.0

> 0.22_ T T I T | I T I T | I I I T T I I T ] N N T T I I | I T I I T T I I | T T I I i v I T I I | I T T T T T I I I T T I 3
8 0 2:_W5had + e,y VBF ATLAS _: - A 04 - HTpag + €Thad VBF —o— Data 4o Thadhad VBF —e— Data
To) F yd (Z—11) = 92.4 GeV ] < § \s=8TeV.20.3fb" — H(125) (u=1.4) I~ 1 04 \s=8TeV.20.3 b — H(125) (u=1.4)7
~0.18 T T (H 1232 G V—: ; . o H(123) (u=1) {1£ - e H(125) (u=1) 1
0 C e H(125)>1t Mpeax(H—TT) = 123.2 Ge 1 € 3 ATLAS mmZ- 1t GC) 1 03 ATLAS mZ- 1t _
< 0.16 FWHM/m_ ~ 30 % 4 o 10 I Others E I Others ]
0>9014:_ i B o I Fake t j 5 W Fake 1 i
i 1 7222 Uncert. 10 222 Uncert.
50.12- 4
S o1 E 10
O F ]
£0.08- = 10 1
0.061- =
:_ —: E T T I T T | T T T | T T T I E T I T T T | T T I T T
0.04 {38 15 ; g 1.5 )
0025_ . | | _: E 1-eo—e—0—5 d ME 1 ® ¥ ////*#///W /%///L ______
] el B L1 Sedrmeirsl (T | 48] | % i
OO 50 100 150 2OC -.CB‘ 0.5 1 | Il 1 | 1 1 1 1 l 1 1 1 1 I 1 1 1 1 E 0.5 1 1 Il 1 I Il | 1 1 I 1 1 1 1 I 1 1 1 1
mMMC [GeV] 0 -1 -0.5 0 0.5 = -1 -0.5 0 0.5 1
JHEP 1504 (2015) 117 T BDT output BDT output
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H—T1T: Results

N
T
o
~
wn
]
C
)
>
L

Data / Model‘

arXiv:1501.04943

| [ | I | I I I I | [ | I I | I | I I i E I [ [ I I [ | | I I I | | I | | I I I 3
1% | Winag + €%q VBF —e- Data i = o Tradtoac VBF —e Data :
: — H(125) (u=1.4) - Z 10%F _ — H(125) (u=1.4)4
B \S = 8 TeV, 203 fb L H(125) (u=1) 7] ..(2 E \S = 8 TeV, 203 fb L H(125) (u=1)
,[ ATLAS o S L ATLAS A -
10 3 B Others > I Others E
I Fake t Ll 5 I Fake t
, /22, Uncert. 10 /> Uncert. E
10
10
10 1
| I | I | I | I | | | | I | I | [ I E I | [ | [ | | I | [ | | I | | I I
L ] © i
1.5 . + § 1.5 y
1eo—eo—0— w = 1 L g ¥ WAL ______
0.5¢ S 0.5
1 l | 1 | | 1 1 1 | 1 1 1 1 I 1 1 1 1 CDU 1 1 1 l I | 1 1 1 I 1 1 | l | 1 1 | 1
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
BDT output BDT output
Channel and Category | Expected Significance (o) | Observed Significance (o)
TlepTlep  VBF 1.15 1.88
TlepTlep Boosted 0.57 1.72
S . TlepTlep LOtal 1.25 2.40
" MepThaa VBE 211 2.23
TlepThad DBoosted 1.11 1.01
TlepThad LoOtal 2.33 2.33 P
Thad Thad VBF 1.70 2.23 ﬁ/:
ThadThad DBoosted 0.82 2.56
ThadThad JlOtal 1.99 3.25
Combined 3.43 4.54
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h—T1T: Results
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Significances for Production mechanisms

arXiv:1507.04548

Table 8: The observed and expected significances in units of standard deviations for different Higgs boson produc-
tion processes except ggF production which is well established (see text). The significances of VH production are
obtained by combining the WH and ZH processes, assuming the SM value for their relative cross sections. All
significances are calculated under the asymptotic approximation [65].

Process VBF tH WH /ZH VH
Observed 4.3 2.5 2.1 0.9 2.6
Expected 3.8 1.5 2.0 2.1 3.1
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H—J/py and H-Y(ns)y

Phys.Rev.Lett. 114 (2015) 12, 121801
216001~ ATLAS Simulaton 4
<]>) I Barrel Unconverted H— J/y vy ]
UJ14OOf_3@ma=150ioozem/ -
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1200~ -
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H—J/yy and H—>Y(ns)y

_IlllllllllllllIlIIIIIIIlIIIIIIIIIIIII_ _IIII|IIII|IIII|IIIIIIIII|IIIIIIIIIIIII_
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H—J/yy and H—-Y(ns)y

Phys.Rev.Lett. 114 (2015) 12, 121801
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H—J/yy and H—>Y(ns)y
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Light-Quark Yukawa couplings

This was also considered impossible for the LHC. Recent activity on its feasibility:
— Exploit the exclusive decays H—Qy as direct probe to the quark Yukawa couplings

[ Phys.Rev.Lett. 114 (2015) 10, 101802 ]

— Sensitive to BSM physics [Phys. Rev. D 80, 076002, Phys. Lett. B665 (2008) 79, Phys.Rev. D90 (2014) 115022]
The idea is to benefit from the interference of the “direct” and “indirect” amplitudes!

BR_,, K,[(3.040.3)k,—0.78%,] x 107

BR,_,; 0.57k; ’

BR,_,, &,[(1.9£0.2)k,—0.24k,—0.12k,] x 107

BR, .,; 0.57i? ’

BR_,, K,[(1.6£0.2)k,—0.59%, —0.29%,] x 10~

BR,_,; 0.57k7 ’
BRh—>¢y/BRh—)¢y

1.5 P
10F

05F

/ ; s\

W

|

———-)———

Phys.Rev.Lett. 114 (2015) 10, 101802

ks = mg/mp ~ 0.02
ﬁ;d—md/mb 1-1073
Ry = My /My ~ 4.7-1074

BRyM  ~1.9-107°

BRyY . ~16-107°
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FCNC Z—Qy decays

relative to new physics

contributions
Decay mode Branching ratio SM background
ZY — K% | [(7.70 £ 0.83) |usq|> + (0.01 £ 0.01) |asq|?] - 1078 sinQ)\HW @ 2.1073
70 — DOy (5.30 7 0:55) |vcu +(0.627039) |acy|?] - 1077 Sing\ew & 21073
2% = B | [(2.08T83) [obal? + (0.777035) lapal?] - 1077 | 25— 2 ~8-107°
29 By | 2647 55) ol + 08743 [anf?] 107 | X210
j‘\
W
ZO
W
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Mass Measurement: Phys. Rev. D. 90, 052004 (2014)
Couplings: Phys. Rev. D 91, 012006 (2015)
Differential Cross-Sections: PLB 738 (2014) 234-253
Spin/CP: Phys. Lett. B726 (2013) 120

Indirect 't measurement: ATLAS-CONF-2014-042
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H—-ZZ*) -4}

H—ZZ™ 4 (I=e,u)

A i . ‘ Peak in ma spectrum:

e S/B~1.7 @ mn=125 GeV

e Mass resolution~1.6-2.2 GeV
Backgrounds: ZZ*)—4l,

Z+jets and ttbar

A EXPERIMENT

xun Number: 182747, Event Number: 63217197
Date: 2011-05-28 13:06:57 CEST

B

»

- Tracking and calorimeter isolation
- Impact Parameter (IP) significance

‘ Two same-flavor opposite-sign di-leptons (e/p)
-pTh234> 20, 15, 10, 7 GeV (6 GeV for p) <
Slngle lepton and di-lepton triggers N

lSO GeV <m+2 <106 GeV,
Mthr(Ma41)<M34<115GeV mn=12-50GeV (140-190 GeV)
— same-flavour opposite-sign pairs m;>5 GeV
— AR;>0.10(0.20) for (not-)same-flavour

— Recover Final State Radiation photons
(~3% improvement in resolution)

— Mz constraint to improve resolution
(~15% improvement in resolution)
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H—ZZ*)—4l: Muon and Electron reconstruction
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H—-ZZ*)—4l: Updated Analysis

120-130 GeV
Final state Signal Signal 407 Z +jets, tt  S/B Expected  Observed
full mass range
Vs =T TeV
4p 1.00 &= 0.10 0.91 £0.09 0.46 & 0.02 0.10 4+ 0.04 1.7 1.47 £ 0.10 2
2e2 0.66 £ 0.06 0.58 £ 0.06 0.324+£0.02 0.094+0.03 1.5 0.99 & 0.07 2
2u2e 0.50 £ 0.05 0.44 £ 0.04 0.21 &£ 0.01 0.36 &= 0.08 1.01 £ 0.09 1
4e 0.46 £ 0.05 0.39 £ 0.04 0.19 &£ 0.01 0.40 &= 0.09 (0. 7 0.98 £ 0.10 1
Total 2.62 £ 0.26 2.324+0.23 1.174+0.06 096+ 0.18 1.1 \4.45 + 0.30 6
Vs =8 TeV
44 5.80 & 0.57 5.28 & 0.52 2.36 = 0.12 0.69 = 0.13 8.33 & 0.6 12
2e2 3.92 £+ 0.39 3.45 £ 0.34 1.67 &£ 0.08 0.60 &= 0.10 /5 72 £ 0.37 7
2u2e 3.06 £ 0.31 2.71 £0.28 1.17 £ 0.07 0.36 &= 0.08 1 4.23 4+ 0.30 5
4e 2.79 £+ 0.29 2.38 & 0.25 1.03 &£ 0.07 0.35 & 0.07 3.77 £ 0.27 7
Total 15.6 &£ 1.6 13.8 1.4 6.24 £0.34 2.00 & 0.28 1.7 22.1 £ 1.5 31
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H—ZZ(*)—4l|: Backgrounds
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H—-ZZ(*)—-4l: Selected Events
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H—-ZZ™*)—4l: ZZ* suppression
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H—-ZZ*)—4l: Inclusive Results

© | I 20 L | L | I L | I
Q n | | I | I l ]
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Maximum local significénce: 8.20 (5.80)@ mn=124.51 GeV

‘\
|

local significance: 8.1c (6.20)
inclusive rate with respect to SM: 1.5+ 0.4

For mp= 125.36GeV
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H—ZZ*)—4l: Muon momentum scale
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H—ZZ*)—4l: Electron energy scale

- 3 5
. simulation training of Z2e0
e Improved electron ET reconstruction: T evenmon [ | oo [
e combined tracker and calorimeter information EM MC-based calibrated
e ~4%improvement in resolution for 4e/2u2e iy o bration ety
e New MVA calibration procedure s | Plongiudinal Yo P zsee
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level variables (EO...E3, n, ¢, shower depth...) J
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* |r](|) < 1 37 tr;e uncertainty iS reduced from @ ATLAS calibration relies on MC = need accurate geometry:
0.4% to 0.04% for electrons of ET = 40 GeV + More material = earlier shower
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> 500>:<-10'|"'|"'|' I l"'l"’l"'l"'l"’:
§ igg%— ATLAS . \S=8 TeV,JLdt=203 fb-1—§ % 0.02: LI L L L [ L L B B I:I/I\pl !)Ie:_el_l LI B 1*_
S = ’ ' = O o ¢ .
5 3505~ —4— Calibrated data _i @ 0.015 Electrons, |1]|<0.60 —— Z > e'e =
S 300 ---- MC, uncorrected — < - ]
2 = ’ = 0.01— Calibration uncertainty_J
g 20 —\mc = T E -
W 200E- —= - m
150 = 0.005 s =
100E- = = + :
50 E- 3 Op=tommmmmmmmmnees o e —
e -0.005[- =
= 141 Calibration uncertainty E - .
49 1 05 p—— " _; '0.01 — -]
% 1 E e ST —— PRI ——0— —.; E E
= O e I 3 0.015 ArLAS \s=8 TeV, JLdt=20.3 o'
.E L L L L L L L L L _002:11111llIlllllllllllllllllllllllllllllllllllllll-—f
80 82 84 8 8 90 92 94 96 98[G \1/?0 ' 10 20 30 40 50 60 70 80 90 100
m,, [Ge
E, [GeV]
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H—-ZZ*)—4l: Mass and width measurement

< I LI I LI I I I L rrri rrri l L l L | LI l_ < 20:I o | o | o o o o o l:
S ,,f ATLAS —de : S qgp ATLAS =
Al i . —4 - N n
T HoZZ o4 oeon : " g H—oZZ* >4l E
19k \s=7Tev: JLdt =45f0" 2u2e — ] J -1 .
n — Combined - - \s=7 TeV: | Ldt=45fb ]
| \s=8TeV: JLdt =20.3fb" Dashed without systematics i 1 4 B 1 ]
10__ - 12__ \s=8TeV:ILdt=20.3fb E
B i E — Expected, u=1.0, m =125 GeV E
8:_ : 1 O:_ — Observed ]
6 : 8 E
A Heo oF E
§ : R -
2__ _ N

NN\ NS 1o 2:_e_38_°/gc ______________________________________

e L b D ] i P
0 121 123 125 127 129 OO 1 2 3 4 ) 6 7/
my[GeV] o I, [GeV]

— — i — —_—

4 Mass and width measurement
{‘ *124.51 £ 0.52 (stat) £ 0.06 (syst) GeV
| * 2D fitincluding BDTzz
e energy scale uncertainty negligible with respect to total uncertainty
e electrons: 0.04-0.2% (40 GeV) 0.2-1% (10 GeV)
e muons: ~0.07% (central) - 0.2-0.3% (large n)
e previous measurement: 124.3 *0-6 o 5 (stat) *0-5.9.3 (syst) GeV
* [H<2.6 (6.2@SM rate) GeV @ 95% CLs
. Event by-event (detector response)@(H I|ne shape)

L
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H—ZZ*)—4l: Event Categorization

Event Categorization ATLAS Simulation H — ZZ* — 4]
- F’T’Obé F»’T‘OCiuCELOM mechanisms mu=125GeV 110 < my [GeV] < 140
.ggF+be wWVBF \WH mzH .ttH

ATLAS Preliminary

o setcton "o d 2D fit: (ma,BDTver) Inclusive
i | \ |

v . VBF enriched
igh mass two jets

VBF i - 1D f|t My
| [selection using BDTvw] VH-hadronic enriched | ‘NE’W!|

Low mass two jets

W i 2 —>p  Vh-eptonic enriched | [
i - VH enriched 1D flt: m4| ‘

Additional lepton

W(= W)H, Z(— I)H ggF enriched
2D fit: (m4|,BDTZZ) 0 10 20 30 40 50 60 70 80 90 100

o9F - 99F emriched Signal Composition (%)

> I | I I LI | — L | 1T | T | | | 1T I T TT | L | L | 17T | T
3L 4 = 1.2+ -
8 10 g ATLAS m=1256GeV 3 0O - ATLAS mH=125 GeV |
= ] 1 + - -

N H—>ZZ* - 4] ¢ Data 1w H - ZZ* 4]
B goF 4 == i 1 ]
B 102 \s=7TeV [Ldt=45fb" [ VBF 1 & 1-\s=7Tev [ Lat=451 ]
VH 3 ~ B .

g \s=8TeV JLdt=20.3fb" =Zz* NG - \s=8TeV | Ldt=20.31b " |
- b - .
= = — e > , [ Z+jets, tt 1= - . |
| ‘ L VBF enriched category %, Systematic uncertainty | 03- 0.8 i 1V.|B()F<err;:7 C?ggvc]:a:ﬁgfgy 3
110 < ma < 140 GeV | 10 E 1

I T T

I

0.6

pesmes

event yields
VBF-enriched: 5

1

—— ggF, VBF, bbH, ttH, VH Purity

[IIIII T IIIIIIII T IIIIIIII T Illlllll T

. g 04_— === VBF purity __

VH-hadronic: O . ) : ] :

| VH-leptonic: 0 0.2 l l H l .
B 10 o] NI AR |||||||’

110 115 120 125 130 135 14( -1 -0.8-0.6-0.4-0.2 0 0.20.4 0.6 0.8 1

my, [GeV] BDTVB output
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H—ZZ™*)—4l: Coupling Results

(% " I | I | | | I | I | I T T | I_ < 4 _II [ I L | L I | I L I L I | I [ I | I_
) 14_— + SM ATLAS - < - J L
D [ < BestFit Ho ZZ*— 4l 1 Sy | ATLAS \s=7TeV JLdt=45f0" -
w« 12 — 8% CL L O y,zz2s4  \s=8TeV [Ldt=203fb" -

n - -~ 95% CL \s=7 TeV ILdt =45fo" A - .

2 10F \s=8 TeV |Ldt =203 fb" - 3 [ T ATHASCONF-2013-013 /

g N 2D model ggF ] E — ggF and VBF enriched categories /
=. 8:_ m, = 125.36 GeV —: 2.9 5 ggF, VBF and VH-Hadronic enriched categories ]

6;— _____________ —; 5 f_ — Al categories A —f
4:_ B 15 3_;3‘ ~40% improvement ‘ : 2
2F - - v -
i - L S /00 - i g
O - .
_4l_ | 1 | | I | | I .| l | I | L1 11 | | . | L 11 1 | L 1 1 I— O L i-‘ R I e I e I — I —— | S l—

o5 1 15 2 25 3 35 4 0O 05 1 1 S5 2 25 3 35 4 45
X B/Bgy, VYR

ggF+bbH+ttH

| UggF+bbH+ttH = 1.66+045 41(Stat)+O 25-0 15(Syst)
| Mver+vH = 0.26%1:80 5 g4(stat)*0-30 g 23(syst)
’ * HVBF+VH/ UggF+bbH+ttH = 2+1 2
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Higgs BR + Total Uncert
Q

107k

N\

WW E

Y4

LHC HIGGS XS WG 2013

H—yy

lIIIIII|

1
I

Mass Measurement: Phys. Rev. D. 90, 052004 (2014)
Couplings: Phys. Rev. D. 90, 112015 (2014)

| | | | | | | |
1080 00 120

1 éllO I1 60 | I1 80 | |200 Differential Cross-Sections: JHEP09(2014)112
MH [GeV] Spin/CP: Phys. Lett. B726 (2013) 120

K. Nikolopoulos
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e Narrow peak in myy spectrum S
- inclusive S/B ~ 3-4% ATLAS
e Main Backgrounds: A EXPERIMENT

~80% di-photon — myy resolution [~1.7 GeV] 1/ . i
~20% yjand jj — photon-ID I
e Background from data side-bands

e Build likelihood to identify the primary vertex using
e longitudinal/lateral segmentation of EM calorimeter

e use beam-spot constraint/converted photon tracks

e reconstructed vertex Z(pT)?

eEvent Selection:

— Two isolated photons (|n|<2.47)
W|th ET>O.35(O.25)*myy

\\\\\\\\\

a_m 2yy<=2 E1 E2( 1 ‘CfOSG)

n°-y Rejection

0
S3
| JU
\l‘ Z S2 y
"""" p====- S1 |
o N
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Fraction of photon candidates

a.u.

H—yy: Photon Reconstrution and Energy Resolution

1_] T T T I T T T I I T T T T I T I 1 T T T T T 1 T T T _]
0 gf_—o— Unconverted photons ATLAS Prellmlnary = _ _ o
"E e~ Converted photons Data 2012, {s =8 TeV 3 Stable photon reconstruction vs pile-up (within 1%)
0.8 —«— single track conversions I Ldt=33" E Efficiency measurements using Z—ee, Z—lly and
- —*— Double track conversions - . . . .
0.7 = Matrix Method on inclusive photon candidates
065 =
— 0000000000 -0—0—0-0—0 -]
0.5 =3 --o---o---o-~-0~--O---O---o---o---O-'-O'"O-~'O~--O---O---O---O--'O-"O'"O-"O'--O---O-:g = . .
04E = New MVA photon calibration
0.3F- E e improves by 10% the myy resolution
0'2§ e o o Sl el E Photon energy scale transfer from Z—ee
- TV —F—F— T = .
“E = e 0.2-0.5% uncertainty
0.1 = e cross-check with Z—lly
1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 ]
O5 10 15 20 25 30 3
Average interactions per bunch crossing % 0-02:' 1T B L B
0.06__1 I LI I LI I LI I LI I T : T I LI I LI I LI I T Iv/y‘_ 8 0.0155_ UnCOnverted photons v é
- ATLAS Simulation ['] - Initial calibration < - _¢— Data Z—lly =
- MPV = 124.48 GeV - 0.01F : : , —
0.05 H-yy Gy = 1.55GeV ] VI Calibration uncertainty -
B _ —— MVA | — ]
0.04 \s=8TeV MPV = 124.93 GeV — 0.005 — =
- 6, = 1.39GeV ] . 5+_—+— + =
0.03[ — s | g
- ] -0.005F —
0.02— — - ]
0.01 - ) = E
' 1 0015 arLas \s = 8 TeV, JLdt _203f"
O_Ln ------- ] PRI AU S T NN S N Y Sl I TR B _0.02:11|11111111111111111111111_
116 118 120 122 124 126 128 130 132 134 10 20 30 40 S0 60
m,, [GeV] E; [GeV]

K. Nikolopoulos Recent ATLAS results on the Higgs sector Feb 11th, 2015 &~ @* EH{&?E%‘IEX?Z 86



H—vyy: Mass measurement

*Analysis sensitivity optimisation
— Different categorization strategy for different measurements
— Separate between 7 and 8 TeV datasets

* my optimized categories [min expected dmu for SM Higgs inc. systematics]
— New e/y calibration (~10% resolution improvement)

. . = N U P U L AL L LN I
— Photon quality, detector region and prt = E All systematics — 68%CL -
. . = | SERTE Without mass scale uncertainties CL ]
— 10 exclusive categories 2 R Without systematic uncertainties 95% .
St S L B B L B A B % 25: +  Bestfit .
0, — [Ldt=451fb"\s=7 TeV ATLAS . » O —
2 E [ Lat=20.3 fo" =8 TeV = & - ATLAS ]
D 160 s/b weighted sum + Daa —] (19; 2_— H vy —
g B . Combined fit: a N |
L — Mass measurement categories — Signal+background  _ - ]
140 :_ ==+ Background —: 1 ~ -
120 :_ - Signal _: 5 :_ _:
= . - \s=7 TeV,JLdt=4.5 o'
100_— —] 1_— —_
sol = N \s=8TeV,JLdt=20.3fb'1 §
: e : B oo b b b by ]
60— . 0.5 125 126 127 128 129 130
i3 E * _myGev]
2ol ‘Mass measurement
— |
o e N | *125.98 * 0.42(stat) £ 0.28(syst) GeV
g | *p=1.29+0.30
2 of + X ., * previous: 126.8 £ 0.2 (stat) £ 0.7 (syst) GeV
-2 :
2 LEl :
5 2 + ? ¢ A Width measurement
o1 . » Non-relativistic Breit-Wigner & detector resolution
I - R N iG'J/‘]SO . FH<5O(6 2@SM rate) GeV@95% CLs
m e = = =
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Diphoton selection

T

ttH leptonic

!

ttH hadronic

T —

(s

V H dilepton
(ZH — (tH)

!

V' H one-lepton
(WH — (vH)

!

VH Emiss
(ZH — vvH; WH — fvH)

!

| wH = jjH; zH - jiH)

V' H hadronic

\
N

—r

= \

VBF tight
(qqV — jjH)

'

VBF loose
(qqV — jjH)

L

\

N

Untagged

(99 — H)

H—vyy: Couplings

couplings optimized categories
[min expected dpprod for SM Higgs inc. systematics]

tTH leptonic

ttH hadronic

— ;512’ x ttH enriched catégoriesm

VH dilepton

VH one lepton
VH Emiss
T

VH hadronic

VBF tight

VBF loose

Forward - highp_.
Forward - low P,
Central - high P,

= — J|Central - low p_

4 % WH/ZH enrlched categrles 1‘

O 0.1 0.2 03 04 05 06 0.7 08 0.9

1

Fraction of each signal process per category

K. Nikolopoulos

8 e prerp et
S 014~ ATLAS — VBF ]
~ - _ — g9F :
0500_12__+ det 20.3fb", \s = 8TeV  yyayis 5
S - H—yy, m, =125GeV  —4— Data, sidebands | |
> 0.1 —
o - ]
< 0.08H ) Had ]
T - 7p) _C—
PR f e 0,08 8 i
”""}\ 2 x VBF enriched categories | ? 4;_J_L|-|\H — A
Employlng a BDT selectlon - ;
******* = 0.02] 1
-+ _
| - AN O_ N BTN o o
e i§4 x untagged (ptT and ) | 708 06 -04-02 0 02 04 06 08 1
e e Opor
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H—vyy: Couplings

(N _lllIIlIIIIllIl]lllllllllllllllllll_ LIIIIIIIII'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_
m . . i
- —— 68% CL |Ldt=45f" 1s=7TeV 3 - — Stat .
e o - H [ j—t f ' :
A g?vl/° CL [Ldt=203fb" 1s=8Tev] 2 [ i o
- e H—yy,m,=1254GeV 1 1, [ I o | ]
o A 0 me [ e ATLAS ]
- . i - : [Ldt=45M" 1s=7TeV -
n *, i i : _ -1 _ ]
b . Moo | He [Ldt=20.3b", \s =8 TeV :
- s - m E el H — yy, m,=1254GeV ]
— . — —l 11 | l 1 1 1 1 l 1 1 1 | l 1 1 1 | I 11 1 | I 11 1 | I 1 1 1 | I 1 1 1 1 l 1 1 | I_

0 - 1 o 1 2 383 4 5 6 7 8
o .. . - Signal strength

_10— TR A B R R .1..1..1...[.."1'-1-'1‘ T 1' [ A N S A R | - 1 17 :|: 0 23 Stat@ySt +8 (1)2 theory)

0.5 1 1.5 2 2.5 3 3.5 — 1.17+0.27,
Hoor fger = 1.32 +0.32 ( stat@yst ) o919 ¢ @
= 1.32 4+ 0.38,
- ) ) pver = 0.8 £ 0.7 (stat.) 792 (syst.) 703 (theory)
~ Local significance: 5.20 (4.60) @ mny=125.4 GeV =0.8+0.7,

| : PR pwa = 1.0 £ 1.5 (stat.) 757 (syst.) 707 (theory)
- analysis sensitivity improved by 10% 1ot

- results lower than previous (u=1.55%0-334 28, 7.40) pzm = 0.1 138 (stat.) T07 (syst.) 01 (theory)

- results compatible at 2.30 level (74% correlation) = 0.1 Tg,
pug = 1.6 +%g (stat.) = + 2 (syst.) +8:g (theory)

7
=1.6 t31.
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H—vyy: Fiducial/Differential cross sections

- - T e e Diphoton baseline ATLAS -*—o—
. 5 measurements + 2 upper limits | H=vy, s=8TeV |
| : . . N > Ldt=20.3 b "
on fiducial cross sections | #= e data - systunc. - _
) 7 o | o N]ets 22 Al * ®
1 . . N 23 v e
' 12 differential cross sections i BE XH = VBF + VH + ttH |
i Ki ti T M LHC-XS + XH
a) kinematics (pTyy,|yyy|) ] VBZ)%rg‘a\’;Tzdl 28, Ihow 2.6 B ©l HRes 2.2 + XH
i i Vi i : | ;= eV, 1Yl 2.0, |AQyyj|>2. % STWZ + XH .
b) asgomated Jet. gctlwty (Ni’ il, ) | N> : | 95%CLs . ST XH
c) spin-CP-sensitive (|cos0*|, ...) | ! # BLPTW + XH
| miss | (0] A MiINLO HJ+PY8 + XH
d) VBF-sensitive (|Ayjj....) ET** >80 GeV | Beitle M1 MINLO HUJ+PY8 + XH
—— - - ) - o — 1 1 1 1 1 llI 1 1 1 L1 11 II 1 1 1 L1 11 II a
107" 2x10" 1 2 345 10 2030 10?
Extraction procedure Cqqy [fo]
vy dataset binned in variable of interest = VLML R AR L AR R AR LA SR AR S
. . . . . . . . ) ATLAS —4- data syst. unc.
Simultaneous unbinned maximum likelihood fit of myy in each bin O n D) coot e » X1
Bin-by-bin acceptance, efficiency and resolution correction(“unfolding”) = 1 %+ (K =119 E
% "”/// === XH = VBF + VH + ttH ]
- P25 Y e L L O B B B \'c : H—)Y}’,S:STGV :
(E. E ATLAS éjga—iwowwm::)s}x:nc. ’éo\u """ S T | '''' r— o T -8; ?? ILdt=20.3 qu
§ = oo ] g =F 4TS S " ok | |
g B [ ] H—yy, 's=8TeV 7] g 0.9 _[Ldt 0.3 fb-! N E ////
5 " [ Ldt=2031" ] "é - . S
15:— _:§ 0-8:_ ;/1 :" ----- é/////////////
- 18 o7b . O S B ]
10:_ _: % $3%F ¢ % [ ] 106 N I ! A R | ! L]
. 0.6:— _: S R | | | L I B B B
5 B — C ] '.(:)' 4t
N Tl N 0.5 :_ Theoretical modelling uncertainty — 8 + + *
B o ____gﬁgfgf!:gimssm i C —¢- ¢, with total uncertainty 1 a8 2 =
%720 40 60 80 100 120 140 160 180 200 Odp5 g5 go" g0 100 180 O 160 T80 200 8 Ok 1. r. s 1 -
Reconstructedlevelp”[GeV] - © el L L s L
p; [GeV] © 0O 20 40 60 80 100 120 140 160 180 200

pl7 [GeV]
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: Fiducial/Differential cross sections

—= 14— T T T T = = | I S B B B L LA T T o O L L L B L L BRI BLNLELEL BLNLEL NS ELL LI
-8 ATLAS Eé 60:— ATLAS +data syst. unc. _ £1407 ATLAS +data syst.unc.  —
2 121 Hory, s=8TeV 1= T Hoyy, s=8TeV 7/} 9g—H (HRes) + XH . ? [ H-yy, s=8TeV /) 9g—H (HRes) + XH ]
— [ JLdt=20-.3fb'1 12 50F ILdt:QO.Sfb" (K gqr = 1.15) . 70’120:_ ILdt=2O,3fb'1 (Kgq = 1.15) ‘:
S 10 N, 22 p>30Gev 1.2 - XH = VBF+VHsttH ] 3 o ==+ XH = VBF+ VH +ttH 1
< i j T ] ©O C i _100
© C 1° 40F 1 © i ]
~ 8fF —¢- data syst. unc. N - o C _
_8“_ L (/) 99-H (MINLO Hus+Pv8) + XH E 3 0:_ i — E _8“_ 80:_ E
6 (K, . =1.10) N C S § \ ]
L 9gF = * ] - —— 60_— I — o
- ==« XH = VBF + VH + ttH 1 ] . ]
C ] 20&7 //j?/ ] 2 1// TN ]
4 - ] - ; .//_/ N 1 40 :/ ./ %/ AL G, /./ ﬁ —:
oL B 10F ] 2ok vz E
- ; 777 AL - . : - -
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— 3.5 ATLAS -4-data syst. unc. = — 6 ATLAS —+-data syst. unc. B
> - H-o 2274 ) 99—H (MINLO HJ+PS) + X H] LS L ) 99—H (MINLO HJ+PS) + X H
\.'9 3 \S=8TeVJ‘Ldt=20'3 fo 99— H (PowHec+PS) + XH ] § 5__ ‘S=8TeVJ-Ldt=20'3 fo 99—H (PowHec+PS) + XH
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H—vyy: Fiducial/Differential cross sections

] T T T I T T T I T T T l T T T l T T T I T T T ] T T T I T T T I ] T T T I T T T I T T T l T T T I I T I l I
pl? ATLAS — XH = VBF + VH + ttH i pr? - ATLAS | e
T RSy s 8eV = B POWHEG+PY8 + XH - T | Hoyy, is=8TeV e
Y, | Ldt=20310" == H MINLO HJ+PY8 + XH Y, | Ldt=20310" e
Njets [ . M MINLO HJJ+PY8 + XH Njets i - XH = VBF + VH + ttH
7\J50 GeV i — ® HRES + XH . N0 GeV - — B POWHEG+PY8 + XH
jets i [ e+ data syst_ unc. | jets i [ & MiNLO HJ+PY8 + XH |
pi1 e pi1 — , M MIiNLO HJJ+PY8 + XH
|T|_ — |T|- - [® HRES + XH
yi1 i F e | yi1 i : * == teidata syst. unc.
i2 e | | ) i2 [ -
pIT i - -1 ) pIT v
Hy = Hy e
Ayl _ - = Ay _ —
- —— | Ad | - L
Icos(6%))| el Icos(6")| £ .
A | - . AG | -
” | L 1 1 I 1 1 1 I 1 1 I_l IIIIIII | 1 1 1 | 1 1 1 I 1 1 1 I JJ | 1 1 1 I 1 1 1 I | 1 1 | L 1 |-I 1 1 1 I 1 1 1 I | 1 1 [ 1 1 1 I
0.2 04 06 0.8 1 12 14 16 1.8 0.2 04 06 0.8 1 12 14 16 1.8
Ratio of 1st moment relative to data Ratio of 2nd moment relative to data

g

| Overall good data/theory age
Somewhat higher jet activit ata

[ — = =_— = i e E— E—
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H—-ZZ*)—4l/[H—yy: my measurement

< _l I T T 1 I T 11 I T 11 I 17T 1TT l 17T I L l 1T | T T l L I_ llllllllllllllllllllllllllllllllllllllllll
< [ ATLAS —— Combined yy+4! ] E 12— | | | | ATLAS | | |
N 6"_\s=7TerLdt=4.5fb'1 —— Hoyy 1 - \s=7TeV [Ldt = 4.5 b i
" \s=8TeV [Ldt=20.3fb" H— 77" 4 . 10N \s=8TeV [Ldt=203fb" -
5 - e without systematics - i& i
i E 8- =
Qi e e e —20 B i
- - 6 -
3 ] - i
£ E 4 —%8nA(0)
1; ------------------------------------------------------------------------ —f16 21
- . pS y . - lo
v b Py Lol “ |I| I N 0_' - L
0123 123.5 124 1245 125 1255 126 126.5 127 127.5 -1 '05 0 05 1 15 2 25 3 35 4
m,, [GeV] Amy, = (m,, —m,) [GeV]
Channel Mass measurement [GeV]
H — vy 125.98 + 0.42 (stat) + 0.28 (syst) = 125.98 + 0.50
H—Z77"—4¢ | 124.51 £ 0.52 (stat) + 0.06 (syst) = 124.51 = 0.52
Combmed 125.36 + 0.37 (stat) £ 0.18 (syst) = 125. 36 +0.41

|

| H—>4I/H—>yy compatlblllty 1.970 (p- _value 4. 9%)
' e rates independent free parameters in the fit

e fixing rates to SM expectation —1.60

e y systematics as box —1.80

e previous measurement: 125.5 £ 0.2 (stat)**5.0 6 (syst) GeV
e CMS measurement: 125.02 *0:26 ; (stat) *0-14,9.15 (syst) GeV
. Increased statistical uncertalnty [Iower S|gnal rate in H—>yy] |
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H-WW-—-lvlv

Couplings: arXiv:1412.2641 submitted to Phys. Rev. D
Spin/CP: Phys. Lett. B726 (2013) 120

200 yH(—Ww): ATLAS-CONF-2013-075
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H-WW®) lviv

e Complex final state without mass peak
e Signature: Il + MET
e Observables: Mt (but aiso BDT in VBF)

mrm = \/ E“ — E”““) (P” + Pnuss)

e Backgrounds: WW, tt/Wt, W/Z+jets, Wy/Wy*/WZ

e Separate final states:
e [epton flavors: pe, ey, yM, ee
e sub-leading lepton pT
e jet multiplicities: 0, 1, 22
e aim to identify ggF and VBF production

ATLAS | \s=8TeV, 20.3fb

g 40 8TeV, 20.3fb" Obs+ stal M
~ : 1 ¢+ Obs + sta DY
% (a) All jets, ee/upu | Exp+ syst []Top
2 T 8 ww
- I Misid
dvv
B Higgs
T T T T]
- (c) b jets, en
Q
0 _
c
0]
>
11
e D S
012345670 12345©67
n; n,

x10° ATLAS H—WW*

e=33 GeV, pTu=24 GeV, mll=48 GeV, Aoll=1.7, MET=37
H- VBW - evuv candidate and no jets

GeV, mT=98 GeV

Longitudinal view Transverse view

Run 189483, Ev. no. 90659667
S'ep 19 2011, 10:11:20 CEST

ATLAS

EXPERIMENT
hnp.//otlos.ch

T I T T T T I T T T T

® Using p{"™=®

rm.s.=14.1 7

* e . miss ]
¢ « [JUsing E

o ¢ r.m.s.=18.8 7

-

LrrrrprrT
Performance improvements include: & £7tA5
1 » Track based missing momentum £ | ic-sTev
* Use track from PV for soft objects £ %> ()
e ~25% improvement on mT = |
resolution -
| e Likelihood based electron-ID
] * Di-lepton triggers (lower thresholds) Q Gt

0 50
. - Gen. for m; [GeV]
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H-WW®*) S lviv

1
-I I I I 1 I 1 I I 1 I I 1 1 1 I I 1 I I I 1 I I l_I SQ ?g 8
- i ATLASH—->WW?*_ § . 26 §
G 800~ \s=8TeV, 20.31b" ] 9§ 36 =
= - \s=7TeV, 4.5b" - 104 4 2
E 600 - (a) n;<1, ep+ee/ppu _| @
3 i ‘/’ Obsztstat - H-WWHs vy 5
i 7 Bkgxsyst | .
S OEEYEL - (s =8 TeV, 20.3 fb"
400 - WHggs 7 q0® \s=7TeV,45f" ,
B . WW _ — A _.' 60
B ] Misid - ‘
200 [~ 5_\(V — - Observed .
i op ’ \ . Expected .
i | DY 1 10"  Expi S (125.36) / F70
0 C : | ——— [ i \‘ Bl Exp +2G6 '
= : (b)BaCkground'SUbtraCted : NN TN AT NN AN EE NN NEEY N N
G 150 | ¢ Obs-Bkg — 120 140 160 180 200
o - ~ Bkgtsyst - my, [GeV]
N - M Higgs . o |
£ 100 B ‘Local significance at my=125.36GeV is 6.10 (5.80)
= g
> - i |
i i ’ | Rate with respect to SM @ mn=125.36 GeV-
S0 [~ - ex €o. umi.
- - b= 1.08 10 (stat.) TG08 (S0) 203 (o) +o0.03 ()
0 30% improvement with respect to earlier results
S T T T _‘ Dominant systematic sources on p:
50 100 150 200 250 ggF signal theory uncertainty ~0.1,
WW background modeling ~0.06,
m+ [GeV] | Fake lepton background modellng ~0 06
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H-WW®*) S lviv

E-% :IIIIIIIIIIIIII|IIII|I|IIlllllllllllllllll:
3.> - ] < 10 Q
. ATLAS - [= 36 e
= H->WWHsiviv 4 o S
- {s=7TeV,4.5fb" 73 8 F “é
3 (s=8TeV,20.3fb" 3 %
- - 6 F
- + ObS(1.0,1.3) ] é
s FObst1c E
5 [+|Obs+2c E 4 : ] 26
: : (|Obs+30 ] é Ho>WWH Vv -
= i o ExpSM(1,1) - ok \s=7TeV,45fb" -
- © 5iExpSM+1,2,361] : \s=8TeV, 20.3 b1 ’
- - - 10
:lllllIllllllllllllllll[l Illlllllllllllll: O-IIIIIIIII - IIIIIIIIIIIIIIIIIIIIIIIIIIIIlllll"I
0 1 2 3 4 0 1 2 3 =4 5
o uggF _ - IJ'VBF/ IJQQF
- Observed significance for VBF production at
| mn=125.36GeV is 3.20 (2.70)
Inclusive cross section (8 TeV)
OggF BR = 4.621.1 pb (SM: 4.2+0.5 pb)
over BR = 0.51%0229 47 pb (SM: 0.35+0.02 pb)
| Fiducial cross section (8 TeV, ep)
Oggr¥ = 27.5*6965fb (SM: 19.943.3 fb)
i Oggr!l = 8.4£3.6 fb (SM: 7.321.8 fb)
UNIVERSITYOF
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200

H—-Zy

Phys. Lett. B732 (2014) 8

H—pp

Phys. Lett B738 (2014) 68
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“Rare” Higgs boson decays

Loop mediated Higgs decay
— BR~10*(mn1=125GeV)

I - ta- - > l | 1 = L B L R AL B AL BRI N
Slgr_]atu re. e € /U bty % 600 ATLAS = ?. » _[Ldt=4.5 ", \s =7 Tev — Observed
— Slgnal efﬁCIenCy eeV (““Y)270/° (33%) ?, 5005 —e— Data g 52 25 J.Ldt=20.3fb'1,\s=8TeV ;:);gected —
BaCkgrou nd i L TR HoZy (=125 GeV, 64, x50) ] L 20 t20 ]
i C H N B B
— Z—llyrsr an Z+y continuum (82%) 40 EE ATEAS
. C 1 ©
— Z+jets (17%), ttbar, WZ (~1%) 300 15
Event categories 2001 j 4 =
- Ldt = 4.5 b, 1s=7 TeV 1 3
- g?émgA']g\é/z’th 100F & [Ldt=20.316" 15=8 Tev E I N S S D S D
— ~3-15"% S T I I I
For mH=125.5 GeV, B U T R - N T- R oo 14:1H[Ge\1,f0
o GeV
95% CLs upper limit: 11 (9) x SM M (5]
- probe coupling to 2" generation fermions
- BR ~2-104(125GeV);S/B ~0.2% > 50000 TS g e _—
- two opposite-charge muons © 45000 ATLAS mzi  Owzw o gof ATLAS Howw 3
T>25 15 G V T >15 G V Y 40000 \s = ;$ex_|.Ld'[ 248fb1 Dtst o1 -wwt = [e) - —_ Observed CL \s=7 TeV 4.5fb .
(pb y ; de , P 1y eV) 3 35000E HS—> o %H'?fz‘; NS A = 402_ ;Expected cL \s=8 TeV 20.3 fb" E
- backgrounds: 5 - E= o PR .
Z/y*—jp top, dibosons 5 0000, 18 b 7 :
RN 2500088 000 4 - E
- Categorization: 20000 ] 5 ERE : ;
central/non-central muons 5000 E °’ 205_ E
- Background Model: BW+Expo 10000 E 10F =
- 95% CL upper limit 5000 3 5 ]
_ . O e e b e b b e b e by 1
@mn=125 GeV: 9.8 (8.2)xSM  EE 120 125 130 135 140 145 150
. . . . 110 115 120 125 130 135 140 145 150 155 160
- no universal Higgs couplings to fermions m,, [GeV]

My [GeV]
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g WW 3
- N —_ 12
S ob 3
— i 8
© ) IR
210 2
+ r‘.‘ :
oC - = i
M ] CcC ]
o
o107 E
1T - 7
10-3 =
B uu |
10'4 | | | | | | | | | | | | | | | |
80 100 120 140 180 200
M, [GeV]

Anomalous Decays
H—inv
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* SM “Invisible” decays suppressed; BR(H—ZZ*—4v)=1.2-103 Phys. Rev. Lett. 112, 201802 (2014)

e Observation means New Physics!

q = 10° ATLAS o Daa %1035_'A;L;4§'"""""""',"'D;ta""""""_z
o 107 E Vs=8TeV, [Ldt=20.3fb" - é;:f°;6 o F \s=8TeV,[Ldt=203f" B zz- cevviineln =
6 ZH — ¢¢ +inv. B Top cuark @ - ZH - ¢¢ +inv. B wz - rveeineln) -
105 """""""""""" ww %1025_ """""" B v dieo.ii Wiz =
10 @DI Lepton W Wz~ ¢uee (inclr) o E | = @SR i E
104 B e £/ SZM_};'”W, d (in1c2I.r) oV w B l____-_- --------- W+ jets, multijet, semilep.top |
103 T ZH _.Iiis,,(::,:BR(Zi :w_))=1 Ig_ "-"'_____ """"" ZH > ¢ +inv, BR(H > inv.) = 1
q l+ -
. 10? - e
e Signature:Z— et+e-/p+p-+ MET | - P [ e
e Backgrounds 1 -
* WW—lvly, tt,Wt, Z—1T (ep-data) 1 g2
e Z—ll (double side-bands) ; 18 ® T 8 s
® 0.5l L s 0.5F
e \W,single-top (lepton quality) © 0 B0 100 150 200 250 800 850 400 450 500 & E___ . , , . . ,
EMSS [GeV] 100 150 200 250 300 350 4nn(iJS(")S 45(
e ZZllwv, WZ—Ivll (MC) T £ (GeV]
.SeIeCtion |||| T ||||||| T T I |||||| I I I ||||||
. . . — _I T T | T T I LI I T T T I T LI I LI T | T T | LI I T T | T T |_ _39_ . il
e Di-Lepton consistent with Z § 14F o T i ATLAS Preliminary |
e ETmiss>90 GeV = : ATLAS Preliminary 2h—> y:, Zén:is\s/vw , 11, bb, . ok N
: , = 121 \s=7Tev ILdt=4.6-4.8fb'1 ThrE ] e =
e AQ(ETmiss,pTmiss)<0.2 o [ 770 —obs. —exp. 1 jo%L e -
. S T e e e
) A(P(pTII,ETmISS)>2.6 10 __ \S= 8 TeV J Ldt = 203 fb h BN YY, ZZ*, WW*, T, bB . __ 5 — //////////‘////%/./'/'-/, ------------------------- =~
o A([)(|,|)<1.7 8; [k, Kg, BR ] -0bs. --exp. B 10 :: ///ffffjj”/f/iiii/ii///// ' ::
o |ETmiss-pTlI|/pTII<0.2 - w/o ZH BRi<41%(55%) 1 10% \s=7TeV, [Ldt=4648f"
« 3 |epton vetoljet veto OF, ., W ZH BRI<37%(39%) ERRT s lo-OTeV, Juat- 09" -
B ] __ h—yy, h»ZZ*—4l, h—>WW*—>|v|v, __
° DIreCt |Im|tS On the BR(H—)an) 4._... .......... TR Pyeesrssassunsassassiesastassassassassassassassanerserserssnssassansansensrssraflfissnesionns TN — 10_51:_ h—stt, h—)bb,Zh—)"+E$ _:
- ] [ ) DAMA/LIBRA (99.7% CL)  ATLAS (95% CL)in  _|
. Constraln WIMPs (Higgs- portal) oF T T S CRESST%LCL " tiges porta modeh
= —eee ‘ NSO T SO o O e N 107°F 80('\;/'SN(T9?;/5/C%L) ---------- Scalar WIMP
e AARAEF A N\NL.OAFEO, LB TR et = — I CoGe %Gl s B
M= 125.5 GeV; 95% CL | 008 06 04 '."'012 o 02 04 08 08 1 10%f —— XENonto(sowcy st
| | -1 -0.8 -0.6 -04 - : : : : - —— XENON100 (90% CL) ]
BR(HHInVISIble) <75%(<620/0) ?i BRI 10_57 :[_Il-l IIIIII ILU?( (19510/:) IC\:LI)l | 1 11 lllll 1 1 L1 | II—|_—}'
- - 1 10 10° 10°
m, [GeV]

Result based on mono-jet signature just appeared. Not as sensitive yet. [arXiv:1502.01518 submitted to EPJC]
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Indirect 'hH measurement: Introduction

1 o- E T | I I T | T I I | T I I | T I I
- ATLAS Simulation Preliminary \s=28TeV
88 —> ZZ — 2e2u

Off-shell Produc&on of Higqs boson

do/dm,, [fo/GeV]
=)
I

provides indirect constraint to Iy | — ggo H > 2Z(8)
fhy O
- Iz — 99~ (H'= 7
[Pased on ‘ijs.l‘zrav. DEY (R013) 0s5402] 103 E'_,} 1'[,!": ., T ()220, =10 o
gg—H—ZZ 2 2 i
O-on-shell _ _ Kg,on—shell KV,on-shell
Go—H—77 Mon-shell = FH/FSM
0-0n-shell, SM H
O_gg—)H*—>ZZ
off-shell _ _K2 °K2 S AT
gg—H—zz _ Moft-shell = Ky off shell * Kv,off-shell 10°"200 400 600 800 1000
T off-shell, SM m, [GeV]
-3
= 0-3?§1(|) I
: : : 0 - ATLAS Simulati imi s=8Te
Implemented using H—ZZ—4l with the assumptions: O ol [0, omaton Frelminany 1=9TeY 2
— Backgrounds insensitive to new physics modifying off-shell couplings = : -
— Running of couplings similar for on-shell/off-shell region £ 01 — E
[but sensitive to new physics arXiv:1410.5440, arXiv:1406.6338,arXiv:1412.7577,...] E I_‘—|_, .
— Use inclusive selections [where HO corrections available] 0._.-:
— gg—ZZ K-factors in off-shell region unknown ot ; E
[ for signal known to NNLO, gg—WW at NLO indicates that K-factors "~ ;
may be of similar magnitude] 0oL i E
- ' —ggo H* - 72 (8) :
o . | -0.3F - = gg— (H*=) ZZ (Interference) —
Similar assumptions to the one used for the e
I S A R SR N S S T RS TR
coupling studies with the k-factor framework 047300 200 600 800 1000

m, [GeV]
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Indirect 'hH measurement: Analysis

:: Z7—4|
|« Off-peak region [220 GeV, 1TeV]
e Matrix Element Kinematic
Discriminant to separate

- gg—(H*)—ZZ—-4l
o Limit on off-shell rate based on
I fit on MEKD shape

Other backgrounds

> T T T ’ T T T T | T T T T | T T T I I I T [
8 25 __ —@— Data _—
o - ATLAS Preliminary _ 99+VBF> ()22 ]
™ Z 49-22 i
g i H — 7ZZ — 2e2v wz i
_.(Q 20 - Z(—ee/up)+jets —
= - \s=8TeV: |Ldt=20.3 1" WWTopZoses :
> -
LIJ .

All contributions (u . =10)

15

:] Stat.+syst. uncertainties

10~ @& |

IIIIIIlIIIIlIII
IIIlIIlIIIIl

gg—H*—>ZZ—4l from qq—ZZ—4l/

Events / 30 GeV

‘ Events / 30 GeV

25

20

15

10

rT T T TrTTrTT

IIIIIIIII|IIII|IIII|IIII|III

ATLAS Preliminary

H — 77 — 4l

\s=8TeV: |Ldt = 20.3 o

—&— Data
gg+VBF—(H*—) Z2Z

- Background qg— ZZ

- Background Z+jets, tt

= = All contributions (ucff

o
-~

-shell

IIIIIIII|Il||l||ll||l|||l||[|||II|I

JII_M_JIIL_

m,, [GeV]

T T T I T T T T I T T T T I T T T T I T T T4

—— Data
gg+VBF— (H*-) ZZ

- ATLAS Preliminary

qq—22

- H —> ZZ — 2u2v W2

— Z(—ee/uu)+jets

- \s=8TeV: |Ldt=20.3 10" T .
Other backgrounds

----- All contributions (uo =10)

fi-shell
[:] Stat.+syst. uncertainties

IIII]I]IIIIII

Illlllllllllllllllllll

300 400 500 600 700 800 900 10t

event counting

rrrrjyrrroryrrrryrrrrprrrry rrrryrrrrrrrry rrTTrT rTTT
I I I I | I l | |

1

Al

S 50-_ ATLAS Preliminary \s=8TeV: det =203 fb“_-

..‘2 : —&— Data :

qc; 40‘_ Hozz—d gg+VBF—(H*=) ZZ N

L|>.| B - Background qg— ZZ 1

: - Background Z+jets, tt i

30:_ - -E { === All contributions (u_ _ _=10) _:

201~ ': .

101 .
-%.5 -4 -3.5-3-25-2-15-1-0.5 0 0.5

ME Discriminant

ZZ—llvv

e ETmiss>150 GeV and 76
GeV<mi<106

e Main backgrounds: qg—ZZ and
WZ/WW, Z+jets and top

e Off-peak region m1zz>350 GeV
e Limit on off-shell rate based on

"ERR
.| — L :;-l-i'.."---r-il ]

400 500 600 700
m; [GeV]
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Indirect 'H measurement: Results

< 1 4 i T T l | L I | l L L [ | L [ | (% I 40 B I l L l L l | L l L | | l L L _
é - - ~ - ATLAS Preliminary £+ -
v 1ol ATLAS Preliminary _] \I 35 22v+41+41, ., combined [ J+2 - ]
" 2i2v+4i+4l . ., combined i - " Alternative hypothesis: ~ ~777" Expected limit (CLs) 1
i J c 30T TSV = — 1 —— Observed limit (CLs) -
1015 =8TeV: |Ldt = 20.3 fo" 7 o OVE e -
- 1 = [ \s=8TeV:/Ldt=2031" -
- === expected with syst. F ) | ~
8 [ oo expected no syst. -] —l E = E
- — observed ] O 20F <\ 1 B
6 . S A
| ¢ ] LO L 1
i . i o 15 '
Ao f et - E
i . i 10
2 __ . u:."&' __ 5 _:
O L L_L‘T“{'—‘l"l 1 1 I I 1 1 I 1 1 l | l 1 1 1 1 O | | 1 1 | I 11 1 : 11 | | 1 1 1 | 11 1 | 1 1 | | :
0 2 4 6 8 10 12 14 06 08 1 12 14 16 1.8 2
SM RB _ _Klgg—272)
'y H = RlggolF=>Z72)

. _ _ __ -

1‘ hésulis are expressed as a function of the unknown K-factor for th
' Assuming background K-factors same as for signal:

e [W/l'sm < 4.8 (5.8) at 95% CLs with alternative hypothesis R8x+=1, 'n/l'smv=1 and Hon-shei=1.51 ‘
* [n/l'sm < 5.7 (8.5) at ~95%CLs with alternative hypothesis RBy-=1, i/'sm=1 and pon-shei=1.00 |

= S =
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LHC/HL-LHC Plan

High
LHC / HL-LHC Plan Luminosity
LHC
LS EYETS 14 TeV 14 TeV
13-14 TeV energy
injector upgrade S5to7x
splice consolidation cryogenics Point 4 o nominal
; SPS : : limit . :
7 TeV 8 TeV butl:;Ec::l:ir::‘tors = sT:‘;'::;?:n ir?ireyr%tlz?ém HL-LHC installation luminosity
collimation ﬂ\‘
2013 2015 2025 | oea | 205 IIII“
radiation
damage
75% 2 x nominal luminosity ‘I
nominal nominal luminosity ]| experiment upgrade | '
luminosity | experiment beam pipes I/_’ phrase 1 experiment upgrade phase 2

_Runl | | today " Runli " Run Il

 HL-LHC

~ *Run Il will provide x5-6 more integrated luminosity compared to Run |
| « Aiming for 3000 fb-' by 2035
{ » Experiments will be upgraded ATLAS to go for an new all Si tracker

K. Nikolopoulos Probing the Higgs Yukawa couplings at the LHC Sep 251, 2015 § @ EF&&%E%‘E& 05



Higgs in Run Il and beyond

_The LHC is a Higgs Factory O o coss et
* Run Il x5-6 more integrated luminosity compared to Run | 8 & (mH=125 GeV) ]2
« x2.3 - 3.9 increase in Higgs production cross section from 8TeV to 13TeV < Y 17.4pb@7TeV ¢
. e : e e 0 221pb @8TeV |
x3.4-5 improvement in statistical sensitivity T 10 % 57.02pb @ 14 TeV
In Run Il several Higgs analysis may become systematics limited (- % .
need to work on reducing those a (ol % -
O | a.,...?\" _
ATLAS Simulation Preliminary ATL-PHYS-PUB-2013-014 1 0}5’5}%@, -
's =14 TeV: [Ldi=300 b ; [Ldt=8000fb" & [~ T T Ty F N -
1. - x BestFit * Standard Model E - X ‘PQ:;‘ o L -
[ T - — w/ theory - w/o theo . /‘*.‘ .
H_)uu (comb.) : 1.3 — 68% CLry —95% CL ! B i [@:\) e 1
(InCI ) B e - . 10-1 - )é\’\ .. -
(ttH-like) 12 Ela: N 3
H—tt (VBF-like) i i 1.1 - - _
H ZZ Comb ::EE‘ :_ _: |IIII|IIII|IIII|IIII|IIII|IIII|I I|IIII|IIII.|
~ (\(,H ,,ke; “““““““ g k& 1 100 200 300 400 500 600 700 800 9001000
(ttH-lke) — gy — - 0SE E M, [GeV]
(VBF “ke) veo 44 0.8:— ATLAS Simulation Preliminary_T] :
(ggF-like) ' . | | .\S. 14TeV _[Ldt 3.00 o 5
ASWW (comb) & e | %-6.9 095 1 105 T
(VBF-like) = v Several open topics in the Higgs
(+1) O T ' E sector for future studies:
A7y (|(ncIJ; jof ey woton E - Rare decays & Couplings
Hoyy  (comb) [EE® 12F £ - CP studies
(VH-like) 3 E - BSM Higgs boson searches
(\fgﬁ :'ie; M '15 g - Higgs boson pair production
IKe — -
(+1) SERHGHEHEE | oof £
(+OJ) ::=::E W L I I E— 0.85— ATLAS Simulation Preliminary_T] :
0 0.2 0.4 g \s= 14TeV _[Ldt 3000fb' :
ATL-PHYS-PUB-2013-014 A 69 0.95 1 05 i
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H—-ZZ*)—4l: Fiducial/Differential cross sections

oo = 2117023 (stat) "o o (syst) fb

SM prediction at 125.4GeV =1.30+0.13 fb

= a L B B B B IR B R B oY " L N I I LN IR I RN R
Q@ - ATLAS ] = - ATLAS .
. O 0.06 . ~+4-data syst. unc. — — 3.5F ~+4-data syst. unc. ]
Procedure (120<m4i<130 GeV): ) f HozZ o . 9g—H (MINLO HJ+PS) + XH- = oz o | 9g—H (MINLO HJ+PS) + XH]
- expected background subtracted from ~ 0.05 ' \s-8TeV [ Lot-2031 GooH (powrorps) + XH -~ 3 1s=8TeV [Lat=203m st (PonriospS) « XH
observed events in bins of interesting T - [T gg—H (HRes) + XH - n T gg—H (HRes) + XH ]
varlable . _ bg 0.041 === XH = VBF+ VH + fiIH — 2-55— === XH = VBF + VH + {iH _E
- bin-by-bin unfolding = : ] of o — E
0.03 b7 = E E
i ] 1.5 g
pPTh = ¢ yHl
p-values _ 3 0 55_ =
Variable PowHEG MINLO HRES2 . = g I U S

PT.H 0.30 0.23 0.16 0 20 40 60 80 100 120 140 160 180 2( 0 02040608 1 12141618 2 22 24
| 0.37 0.45 0.36 p, , [GeV] v,
M 048 060 - . . . . e e
| CcOS 0*| 0.35 0.45 - :‘t:, 1-8:— ATLAS +4-data syst. unc. 8 - ATLAS +4-data syst. unc. ]
njets 0.37 0.23 - | 1.6F ; ﬁzi :f:_d 20.3fb" 9g—>H (MINLO HU+PS) + X g 0.05:_ . Zi \7_|-41Ld 20.3fb" 991 (MINLO 1+PS) +XH_:
0 33 O 26 1 4:_ ‘_Sl=8 e =203 99— H (PowHea+PS) + XH Ko} C ts=8Te t=203 99—H (PowHec+PS) + XH ]
PT jet : : _ TE Py > 30 GeV === XH = VBF + VH + {iH %'_ 0.04 <= XH = VBF+ VH+{iH ]
B0 £ 0.03 g/ 7 h
0.8 [ Njets = ijets -
O.6i\\\ SR 0.02: :
04F 0.01 =
0.2 C .
O; ---------- | | R =i T e st S i R an S T S [0 ST Tl SR ST [y e

0 1 2 >3 0 20 40 60 80 100 120 14C
Py GOV

|

|
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BSM examples

ATLAS-CONF-2014-010

Addltlonal EW smglet fle|d ATLAS Preliminary EW singlet

. . . \s =7 TeV: |Ldt = 4.6-4.8 fo! Obs. 95% CL
Simplest extension of SM Higgs sector {5 - 8 ToV: |Lat 203 f6 - == Exp.95% CL
Results in two CP-even Higgs bosons: h, H Combined h — vy,2ZZ* WW*ttpb  —— — SM
(assumed non degenerate) 2 g ;5_ P D P L T I E VR 0T 5%

: . : T Y-YE e HSY= E
Couplings similar to SM Higgs boson, but each scaled by 0.8 NS .
common factor, denoted as k (k’) for h(H). 8-2; [ =
From unitarity: k?+k=1 0 oE N AN TR e .
o, X BRy, 5 045 o) WL N AN ST AT ‘ - E
,Uh = = K :_ =\ \ S
(oh X BRy) AETZ\\ AR Caia
h h)SM 0.3;_ ;\fo “,‘ \““ \ 2 7 3 . .
3 oy X BRy 3 » | —BR 00215 7}.0"‘.‘ f{%\ ﬁ\‘;‘ R “90 ea\ A 0 S
M= (xR ¢ (7 BRnen) oE L _ZNN LS T e R U e :
4 0 0.2 0.4 0.6 0.8 1
T T T I T 1T 71 I 1T 1T T I LI I T I T 1T 1 I T 1T 1 I T 1 T u
. . H
ATLAS Preliminary + sy X Bost fit

\s=7TeV, det - 46-481fb"

3 atev fLot =203 1" — ows. 68% CL - - obs. 95% cL. | Minimal Composite Higgs Model
Combined hs 77,22 W+ ob5  — EXP-68% CL =~ Exp. 95% CL Higgs Is pseudo.Nar_nbu-GoIdstone boson
2 Neglecting contributions from new heavy resonances the

Higgs couplings modified wrt SM as a function of
compositeness scale: g — 02 / f2

IIIL.\llllllllIIIllll
I

MCHM4: k = kv =kr = 1 =& 710 (460) GeV at 95%CL

IIIIIllllIlIlIIIllIlIIIIIII

ky = 1 =€
e, 1 MCHMSS 12 f>640 (550) GeV at 95%CL
0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 KE= e
Ky
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H—ZZ™*)—4l: Coupling Results

< 7 _I I | | L | I | I I | | | I | I | l_ é —_I | p I o p | p | tr | b I t | I—_
(- u - R B ) N
o - ATLAS \s=7TeV JLdt=45f" ] O - ATLAS \s=7TeV [Ldt=451b" -
6 - Hes 27— 4 \'s =8 TeV f[_dt - 20.3 b - H— ZZ7"— 41 \s=8TeV det =20.3fo"
5 B / 0.0+12 i [ — ATLAS-CONF-2013-013 -
- pCR u99F+'°5H+ﬁH -8 : :— — ggF and VBF enriched categories —:
4 :_ m, = 125.36 GeV _: . ggF, VBF and VH-Hadronic enriched categories E
’§ i 4 A\ — Al categories
3 E 3 .
2 E 2 -
L S N - q Frrrn e AN\ -
O ||1|||||'||||||||||||||||||||1_ O T | ||1||||||1|||:
05 0 05 1 15 2 25 3 3.5 04 06 08 1 12 1.4 1.6_1.8
H VBF+VH H ggF+bbH-+ttH H yA X SM

ggF+bbH +tTH
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ATL-PHYS-PUB-2013-014

ATLAS Simulation Preliminary
's = 14 TeV: [Ldt=300 b ; [Ldt=3000 fb"

H—up

H—tt (VBF-like

H—ZZ (comb.

H-Zy  (incl.

H—yy

0.9

0.8

0.5

Prospects for Run lI/lll and HL-LHC

Several open topics in the Higgs sector for future studies:
- Rare decays & Couplings - CP studies
- BSM Higgs boson searches - Higgs boson pair production

g1 CP-even HZZ coupling
g2 CP-even HZZ coupling (loops)
g4 CP-odd HZZ coupling

C — T T T 1 T T T T m
:— X BestFit * Standard Model _: 1.4
- — w/ theory - w/o theory .
- —68%CL —95%CL B 1.3
= 4 12
F R
- =
= 4 09
:_ ATLAS Simulation Preliminary_] . 0.8
- \s= 14TeV,ILdt 300"
_ 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 . 0.8
9 0.95 1 1.05 1 1
Ky
o (R AR DAL DL B DL L =
=, F ATLAS Simulation Prehmmary .
(@) - _
& 1'55 8D Fit: g./9, 1
i s
0.5 -
o -
050 -
-1 H—ZZ—4l
-1.5F 3000 fb™: 68%-95% CL =
=300 fb 68%-95% CL .
_2 ||||||||||||||||||||||| [ TETITATE AT |
-2 -1 .9 —1 -O 5 O 0. 5 1 15 2
%R(g,)9,

T | T T T T | T T
X Best Fit * Standard Model
— w/ theory - w/o theory

—68%CL —95%CL

ATLAS Simulation Preliminary_T]
\s=14TeV, ILdt = 3000 fb’

1 | 1 1 1 1 | 1 1 1 1 | 1 1

]I]I|IIII|IIII|IIII|IIIIIIIII|II

1 —

'(o IIIIIIIII|IIII|IIII|IIII|IIII|IIII|II

0.95 | 105 14

ATL-PHYS-PUB-2013-014 Ky
(R I B B B B I i
- TLAS Slmulatlon Prel|m|nary ]
1.55— 8D Fit: g /g, 1
i E
0.5" -
0.5)- E
-1.5F 3000 fo: 68%-95%CL H—ZZ—41
- 300 fb 68%-95% CL ]
_2_ lllllllllllllllllllllll Lo by o]
2 15 1 05 0 05 1 15 2

ATL-PHYS-PUB-2013-013 %(9,)/9,
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FCNC in t—qH

JHEP 06 (2014) 008

Flavor Violation among light-quarks challenging.

> L Y U e

Focus is on the top. § OF fetrone solcton 1§§3E353§1i)tm -
ATLAS performed a search in ttbar events for 2 " mi=125.5 Gev -_--_--_-gﬁ:fgg:r;;:"uum bkg.
t—>CIH (_)VY)’ where q=(c,u): "% 125_ det=20.3.fb'1, Vs=8TeV _f
— Leptonic: 1 lep, 22 jets, 21 b-tags, MET 105 [eai= 471" vou7Tev -
— Hadronic: O lep, 24 jets, 21 b-tags 8- =
e Mass requirements for top candidates 61 =
e Analysis procedure similar to H—yy 4E SN =
* Leptonic :BKG shape from CR my[GeV] 2 =

e Hadronic: BKG shape from MC
e Include SM Higgs background

1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1
110 120 130 140 150 160

o
oL

. pr m,, [GeV]
e Similar sensitivity for g=u or c
e 50 (1) events in the Hadronic (Leptonic) channel

e 95% CL upper limit on BR(t—qH): 0.79% (0.51%) ot Lo S R B BN ATLas |-
- f L dt=203 1" vs =8 TeV]
Process SM QS 2HDM-III FC-2HDM MSSM : [Lat= a7t vs=7Tev]
t—uwy |3.7-1071° 7.5.107° — — 2-107° 107 —
t—uZ | 8-1077 1.1.-107* — — 2.107° - .
t—uH | 2-100"7 41.10 55-107° — 107> i i
t—>cy |46-100% 75.100° ~107° ~ 107 2-107° [ obeerven l
t—cZ | 1-100"% 1.1-100* ~107 ~ 1071 2.107° 10%= .. Expected E
t—scH | 3-100 41-10° 15-10° ~107° 107 C@m:1o -
[ ]*x2o0 -

0 0.002 0.004 0.006 0.008 0.01 0012 0014
Bt — qH
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FCNC in t—qH

JHEP 1303 (2013) 026

- e N Ay
1 70.5°
10 | ——— BR(h—>r q) |
S ettt = -BR(t>hq) |
| 7] —
:.\ 100 “10_2 ------------ T sQ \Uc%‘l 0(% : 1
I ~ 1
Tf 107! SR silg
;10—3 ________ - N A I L=
o - So Q\‘I U‘: o :
= _10—2 =\ SV IS
S 10 \ B I = 1 - |
o 1n—4 \ = |1 Q_.' = I
NS 10—110 "‘s\\‘l 1 ' R
— =3 N ACRIENERE =
-10 \ BT R
-10‘5 : AL A A
I RN I )
10 2 107! 10Y 10!
Yl (@ =c,u)
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ATLAS Simulation, Z2 — 17 + jets

ATLAS Simulation, W + jets

— 140pg

Fraction of Events

|III|III

Fraction of Events

m"" [GeV]

0 20 40 0 80 100 120 140

miss

i,
m. " [GeV]
ATLAS Data 2012, Vs =8TeV [L dt=20.3fb"

%10

0.8

0.6

0.4

0.2

0

0 20 40 60 80 100 120 140
Ll,EmiSS
m; T [GeV]
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-

l

-]
-

x10° ) x10°
> L aF - | = > | -
()] 1-8: ATLAS —e— Data 2012, 20 fb™ . ()] 35— ATLAS —e— Data 2012, 20 fb™ —
O 1.6~ SRi ut,  events : H(125) —» o (BR = 25j_ Q) - SR2ur__events me= H(125} — u (BR = 25% E)
9 1 42_ {s=8TeV [Ldt=203f" = ;;Le: 9('?? S(z)s . —i 9 35— (s=8TeV [Ldt=203f" E Z" :’j%*(:::ég)s ss) _g
..\‘B 1.2~ - Z o N VV (0S-8S) —] _?2 2-55_ z - uui Vv (0s-ss) -
cC 1:_ 4 Syst. Unc. _— - oF Syst. Unc. E
Q i SR - -
1 08— Ll 1.5 —
0.6 — - .
- o 1— —
04 [ e E - :
0.2F e fToT 0-5F E
N I i ) T E—— E—
() = ' 7 () = ' ' =
> 1.4:— — > 1.4:— B
M0 4 oF] 3 m 1.2;— _+_\_“_ - —:
E E +_%%%W S S o5 1 E
Q 100 150 O 5 100 150
myMC [GeV] myMC [GeV
SR1 SR2
Signal 69.1 £+0.8+9.2 485 +0.8+7.5 BR=0.77%
Z =TT 133.4+69+9.1 | 262.6+9.7 + 18.6
W+jets 619 + 54 + 55 406 + 42 + 34
Top 30.5+53+4.7 19.6 +3.1 3.3
Same—Sign events 335+ 19 +47 238 £ 16 + 34
VV +Z — uu 90 + 21 + 16 81 £22 + 17
H— 11 6.82 £ 0.21 £ 0.97 13.7+03+1.9
Total background 1224 + 62 + 63 1021 £51 £49
Data 1217 1075
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ut, 0 Jets
1.32% (exp.)
2.04% (obs.)

ut, 1 Jet
1.66% (exp.)

19.7 fb™ (8 TeV)

- Expected + 10

| | | | |
® Observed

X Expected

o H— um, H— ute
2:38% (obs.) | Expected =26 Sample 0Jet 1-]it 7Jets | OJet 1-]ePtl 7 Jets
ut , 2 Jets misidentified leptons 1770 £530 377 £114 18+10 | 2+17 16+7 11£07
3.77% (exp) _ Z- 1T 187410 5944 04+02| 65+3  39+£2 13+02
5.84% (obs.) 77, WW 46+8 1543 02402 | 41+7 2244 07402
| _ Wy — — — 242 242 _
ut , 0 Jets Z - ee or up 110423 2047 01401 |1.6+07 18+08  —
- - tt 22406 2443 09405|48+07 30+3 18+04
2.34% (exp.) tt 22411 1343 05405 | 19402 68408 02+0.1
2.61% (obs.) | - a SM H background 71+13 53408 16+05|19+03 1.6+02 06+0.1
wt , 1 Jet sum of backgrounds 21254530 513+114 54414 | 160£19 11849 5.6+0.9
h , LFV Higgs boson signal 66 £ 18 30£8 29£11| 23£6 13+£3 12=£03
2.07% (exp.) - data 2147 511 10 180 128 6
2.22% (0obs.)
ut , 2 Jets BR=0.84%
2.31% (exp.) - °
3.68% (obs.)
H—ut
0.75% (exp.)
1.51% (obs.) |
| | | | | | | | | | | | | | | | | | | | | |
0 2 4 6 8 10
95% CL limit on B(H—ur), %
y F
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J/y production at 13 TeV: prompt vs non-prompt fraction

> -_l I T T I T T I T I L I T I T l T 1T I L I T J_-. 8 E T l T T T I T T T I T I T T T l T T I T T T l T T E
G 700 A LAS Prellmmary |y““| <0.75 = © - ATLAS Prehmmary |y““| <075 .
N C s=13TeV,6.4pb’" 10.0<p:“<11.0GeV ] S 1L s=13TeV 10.0<p$“<11.oeev _
o 600 :_ ¢ Data _: ; E 6.4 pb.1 ¢ Data E
; o —— Fit . i) B —— Fit _
% 500 - - = = Background = '8 1 02 - . - Prompt Signal —
e E E -8 - N ~—— Non-prompt Signal 3
'8 400 - © - s et - = = Background -
300F- = 10 NN & E
- . - ‘ :;!:ij: + ]
200F- = L il llti ‘ |
100F = - !!!P g
O_ i M e s s M e B B - 10—1—| L v A v b b b by |~ T* {
2. 7 2 8 2 9 30 31 32 33 34 35 -4 -2 0 2 4 6 8 10

m(ww) [GeVl AT AS-CONF-2015-030 T(1R) [ps]

g 1 O : I 1 I 1 I I 1 I :

= 09b ATLAS Preliminary 3

E 4~ ATLAS 13 TeV, 6.4 pb™, |y| <0.75 ]

ol 0.8 Z_ —$— ATLAS 7 TeV, 2.1 fb™, 0.25 < |y| < 0.50 _5

g 0.7 ;— —4— ATLAS 2.76 TeV, 4 pb", |y| < 0.75 i —;

S  (0.6F  CDF(pp)1.96 TeV, 39.7 pb™, |y| < 0.60 = -

5 : =" E

z 0S¢ !,;‘F ’ E

0.4 ## —

0.3F o i -

02

0.1E E

O O - 1 1 1 1 1 | 1 1 1 1 -

5 6 7 8910 20 30 40 50 60
pw'w) [GeV]
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CMS 19.7 fo™" (8 TeV)
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top quark

The top-quark, m~173 GeV, has a Yukawa coupling of O(1)
— its presence in LHC Higgs boson production ubiquitous

é_j_ 4_ I I I I 1 I I 1 1 I I 1 1 I I 1 1 I I 1 1 I I I I 1 I 1 YV
- ATLAS Prelim. / . J TS CH
3 Vs=7TeV, 4.54.7 fb" g -
- {s=8TeV, 203" - Q e----
2 m, =125.36 GeV _ —
§ 2 . 9 DOOOD
1= = H
= = I
OF E Wy
= D = W
F TSN : v
5 H ]
_2// | g
C C_JH->WW 2
—3F * sm — 68% CL HE - ) H—Dbb
E + Bostfit ~ -+-95% CL |:| Combined E q 4
_4 ' | L1 | 11 | V* H
O 4 O 6 O 8 2 1 .8 .
ATLAS-CONF-2015-007 Ky . N e
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