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@ channel inputs

® mass combination
@ couplings
® K-framework
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® [Large Hadron Collider, Geneva (CH) -
26.7km

® collisions every 50 ns (20 MHz)

® 1368 bunches ~10" protons -> pile up

® up to 35 simultaneous interactions
in one bunch crossing

ATLAS - 41 detector, 44x25m, 7000t
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® measured modes:

gluon-gluon fusion (quark
(top) loop) - ggF

vector boson fusion - VBF

vector boson associated
production - VH, V=Z,W

ttbar associated production
- ttH (direct top coupling)




* * o XB
N : L op,rOd ‘r T (o X BR?SM W“

arXiv:1507.04548

O
Ol

LHC HIGGS XS WG 2013

ATLAS Input measurements
Individual analysis +loonu

Overall: p = 1.17%% . . : Fori
-0.27 :

H — vy

\
A
Y/

L +0.38 . . . . .
ggF:u = 1.32_0.38 : : : i |

|
P
@)

VBF: 1 = 08" TR S

WH: u =1.0""
-1.6

ZH:n = 0.1"%7
-0.1

—

Overall: u = 1.44%04°
-0.33

. _ +0.5
ggF+ttH: u = 1.7_0.4

Higgs BR + Total Uncert
| I
N
N

VBF+VH: 1 =0.37°

Overall: u =1 16702
-0.21

ggF: u =0.98%02°

-0.26
VBF: u = 1.28"%°
-0.47

VH:u =3.0"°
-13

Overall: u = 1.43'043
-0.37

3 _ +1.5
ggF:u = 2.0_1.2

VBF+VH: u = 1.24%%°
| -0.54

L 1IN 1] I | | |
100 120 140 160 180 200 VH = vp O =020k

MH [GeV] WH: u = 1.1

ZH: u = 0.05"%2
-0.49

H— uu Overall: u = 07f§;

ZZ | YY | ZY | MM | ve
[%] | [%] | (%] | [%] | | =0

3 |10.210.16|0.022

+2.62

Yy uw = 1.3_1.75

|
|
Vs=7TeV, 4.5-4.7 fb 4

/s =8 TeV, 20.3 fb" Signal strength (u)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2014-06/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2014-06/

\J‘:'.'

Combined mass =]

Phys. Rev. D. 90, 052004 (2014)

® H->ZZ and H->YY channels
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® 10 categories
® data fit:

® Crystal Ball + exponential

® H->ZZ:

® 4 categories (ee, uu, eeuu, uuee)
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% Bestfit Channel Mass measurement [GeV ]

H - vyy 125.98 + 0.42 (stat) + 0.28 (syst) = 125.98 + 0.50
H—ZZ"—4¢ | 124.5]1 = 0.52 (stat) + 0.06 (syst) = 124.51 + 0.52
Combined 125.36 + 0.37 (stat) + 0.18 (syst) =i 125.36 + 0.41 I
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Amy = 1.471£0.72 GeV compatible within 20

for details see Elenis talk
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Couplings Combination

arXiv:1507.04548

@® measurements: H->WW, Yy, ZZ, TT, bb on(1TeV) =

® limits: Zy, uu, ttH, off-shell (high mass) . sTev) =27.7+3.7pb
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The K-framework

arXiv:1507.04548

GeV
decay kinematics compatible with SM
tensor structure of interactions is the same

zero-width approximation in the Higgs boson
propagator, then:

® parameter Kk represents deviation of
coupling constants from SM (k =1 <-> SM)

® evidence for coupling to down-type
fermions 4.50
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all K independent
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Spin & Parity

ATLAS-CONF-2015-008

channels: ZZ, yy and WW (eu)

— Back
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H->WW: mi, PTll, Aq)u and mT H->WW 0.1

® 5 BDT frainings for different spins 0.05_

H->4l: angular variables of the leptons and planes 0 05 1 3

H->YY: spin-sensitive observables: pt”Y, production

of the two photons in Collins-Soper frame 0.2

5k =1
kl

=0
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Arbitrary units

B

@® 11 categories, fit on final yields

@ 4 categories based on lepton flavor

® matrix element likelihood ratio analysis (MELA)
and BDT

® MELA: probability of observing a given
event kinematics can be calculated ->
discriminant

BDT: comparing hypotheses
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- 15 =8 TeV —— SM Higgs
L = 5pin2 QCD x=x, J

Spin & Parity

= 5pin2 QCD x =0
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JP = 0* is tested against other spin-0 models o4 H
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also BSM terms in spin-0O are tested

models rely on EFT, only H @ 125.4 GeV is
considered J¥ Model C hoicc‘of len.\m" couplings
KSM KHVV KAvy @

0"  Standard Model Higgs boson 1 0 0 0
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. 0° BSM spin-0 CP-odd 0 0 l nf2
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Coupling ratio Best fit value 95% CL Exclusion Regions
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exclusion of all non-SM spin models at more
than 99% CL in favor of the O+ hypothesis



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-008/

? ATLAS Runl Higgs Legacy W

my = 125.36 + 0.4]1 GeV
M = 118015 4,4,
Zo(VFB) = 4.30
Zo(VH) = 2.60
Zo('H'H) = 2.20

evidence for down-type coupling to fermions =
4.50
in the most flexible coupling model, coupling
precision is 15-40%
exclusion of all non-SM spin models at more than
99% CL in favor of the 0* hypothesis
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ATLAS @ LHC

411 detector, 44x25m, 7000t

End-cap semiconducipr fracker

LAr electromagnetic
end-cap (EMEC)

LAr electromagnetic
barrel

LAr forward (FCal)

ID (PIX, SCT, TRT) -> solenoid magnet
(2T) -> Calo (LAr - EM, TileCal/LAr -
Had) -> toroid magnets (4T) -> muon
system (MDT, CSC, RPC, TGC)

Thin-gap chambers (TGC)
Cathode strip chambers (CSC)

Barrel toroid

Resistive-plate
chambers (RPC)

End-cap toroid

Monitored drift tubes (MDT)




mass combination

Table 4: Principal systematic uncertainties on the combined mass. Each uncertainty is determined from the change in the 68% CL range for my
when the corresponding nuisance parameter is removed (fixed to its best fit value), and is calculated by subtracting this reduced uncertainty from
the original uncertainty in quadrature.

Systematic Uncertainty on my [MeV]
LAr syst on material before presampler (barrel) 70
LAr syst on material after presampler (barrel) 20
LAr cell non-linearity (layer 2) 60
LAr cell non-linearity (layer 1) 30
LAr layer calibration (barrel) 50
Lateral shower shape (conv) 50
Lateral shower shape (unconv) 40
Presampler energy scale (barrel) 20
ID material model (|p| < 1.1) 50
H — yy background model (unconv rest low pry) 40
Z — ee calibration 50
Primary vertex effect on mass scale 20
Muon momentum scale 10
Remaining systematic uncertainties 70

Total




coupling
inputs

Table 2: Overview of the individual analyses that are included in the combinations described in this paper. The
signal strengths, the statistical significances of a Higgs boson signal, or the 95% CL upper limits on the Higgs boson
production rates or properties are also shown wherever appropriate. A range is quoted for the upper limit on the
off-shell signal strength, depending on the assumption of the continuum gg — WW /ZZ cross section. These results
are taken directly from individual publications. Results of the on-shell analyses are quoted for my = 125.36 GeV
except that my = 125.5 GeV is assumed for the H — Zy and H — uu analyses and that my = 125 GeV is used
for the ttH searches with H — bb and 1tH — multileptons. The luminosity used for the /s =7 TeVVH — Vbb
analysis differs slightly from the other analyses because a previous version of the luminosity calibration was applied.
The significance is given in units of standard deviations (¢-). The numbers in parentheses are the expected values
from the SM Higgs boson. The ##H analysis in the H — vyy decay is part of the H — yy analysis and is also
included separately under the t1tH production for completeness. The checkmark (v') indicates whether the analysis
is performed for the respective /s = 7 and 8 TeV dataset.

Analysis Signal [ Ldt (fo~")

Categorisation or final states Strength Significance [o] 71TeV 8TeV

H — yy[12]
ttH: leptonic, hadronic
V H: one-lepton, dilepton, EI"*, hadronic
VBE: tight, loose
ggF: 4 pp categories

1.17 £ 0.27 5.2(4.6) 4.5 20.3
v
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H — WW* [14,15] +0.24
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V H: same-charge dilepton

W

v
v
v
v
4.
v
v
v
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v
v
v

1 43+0 43

H - 7 [17] —0.37

Boosted: TipTiep, TiepThads Thad Thad
VBE: TiepTiep, TiepThad » ThadThad

4.5 (3.4)

W
)
(%)

VH — Vbb [18]
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Table 2: Overview of the individual analyses that are included in the combinations described in this paper. The

signal strengths, the statistical significances of a Higgs boson signal, or the 95% CL upper limits on the Higgs boson

production rates or properties are also shown wherever appropriate. A range is quoted for the upper limit on the

off-shell signal strength, depending on the assumption of the continuum gg — WW /ZZ cross section. These results

are taken directly from individual publications. Results of the on-shell analyses are quoted for my = 125.36 GeV

except that my = 125.5 GeV is assumed for the H — Zy and H — uu analyses and that my = 125 GeV is used

for the ttH searches with H — bb and 1tH — multileptons. The luminosity used for the /s =7 TeVVH — Vbb

. analysis differs slightly from the other analyses because a previous version of the luminosity calibration was applied.
CO UP l | H The significance is given in units of standard deviations (¢-). The numbers in parentheses are the expected values
g from the SM Higgs boson. The ##H analysis in the H — vyy decay is part of the H — yy analysis and is also
included separately under the t1tH production for completeness. The checkmark (v') indicates whether the analysis

i n Pu* S is performed for the respective v/s = 7 and 8 TeV dataset.

95% CL limit
H — Zy[19] u<11(9)
10 categories based on Azz, and ppy
H — pp [20] u<7.0(7.2)
VBF and 6 other categories based on n,, and p%*
ttH production [21-23]
H — bb: single-lepton, dilepton p<342.2)
ttH —multileptons: categories on lepton multiplicity u<4724)
H — yy: leptonic, hadronic u<6.7(4.9)

Off-shell H* production [24] u<5.1-8.6(06.7-11.0)
H* - 2ZZ - 4
H* - ZZ — 262y
H* - WW — evuy
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Table 6: Overview of Higgs boson production cross sections o and Higgs boson partial decay widths I'y. For
each production or decay mode the scaling of the comresponding rate in terms of Higgs boson coupling strength
scale factors is given. For processes where multiple amplitudes contribute, the rate may depend on multiple Higgs
boson coupling strength scale factors, and interference terms may give rise to scalar product terms x,x; that allow
to determine the relative sign of the coupling strengths x, and x,. Expressions originate from Ref. [11], except for
o(gg — ZH) (from Ref. [40]) and o(gb — WtH)and o(¢gb — tHg") (calculated using Ref. [26]). The expressions
are given for /s = 8 TeV and my = 125.36 GeV and are similar for /s = 7 TeV. Interference contributions with
negligible magnitudes have been been omitted in this table.

Production Loops Interference Expression in terms of fundamental coupling strengths

o(ggF) b—1 x§'~ 1.06 - x +0.01 - x; — 0.07 - xyxp

o (VBF) 0.74 - xy +0.26 - x5

ao(WH)
olqqg — ZH)
o(gg = ZH)
o(bbH)
o(ttH)
o(gh - WitH)
ol(gh — tHq")
Partial decay width
b
ww

s :--'ﬂovqu Nhﬁu ,L:
¥
N

.

I'zz

I

Jhdtodio gl A,

Vap
Ly
l'z,,
" Total decay width

2

-y + 0.07 - x§ — 0.66 - xwxy
2-x%, +0.00035 - %7 — 0.12 - xwxy

.
— n
o)

ST-xg +0.22- %y, +0.09- x2+
%2 +0.03-% +0.03 -1+

0.
iy 2~ 0.06
0.0023 - i, +0.0016 - %+ 0.00022 - x;
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Table 7: Summary of coupling benchmark models considered in this paper, where A;; = x;/x;, xi; = x;%;/xu, and the functional dependence assumptions are:
Kv = Kw = Kz, KF = K = Ky = K; = K, (and similarly for the other fermions), x; = x(xy. x), x, = K, (Kb, X, X, Xw ), and xy = x(x;). The tick marks indicate
which assumptions are made in each case. The last column shows, as an example, the relative coupling strengths involved in the gg¢ — H— yy process.

Section in
this paper

Corresponding
table in [11]

Probed
couplings

Parameters of
interest

Functional assumptions
Xp Kp Xy

Example: gg - H—yy

3.2.1

43.1

5.2.2

433

Couplings to fermions and bosons

KV, XF

v v v

XH
v

ARV, XWW

Xy
v
v

v v v

Xp e (kp ., xv)/ gy (kF L xv)
"zvv ‘l%v -xf(ln'.lFV-M-V- 1)

R

48.1

333

48.2

54.1

432

Vertex loops +
H —invisible/undetected decays

Kg. K"n
K72y

e X
Ky BRi..u.

xF,xv,BRj_u.

xg - 37 /gy (g )
X3 - g/ 0cg. ) - (1~ BRy )

:2,.t,(x,:-.tv)2 A
L“%W (1 -BRj_u)

54.2

49

L8

46

Up-/down-type fermions

KF, Xy, Kg, Ky,
"ZrBRi..u.

A-du . A"’u ] KHH

rszy(xr.w)z S
K;’_',(tr.tv.x,.t.,) ( BRi""’)
2 2 2
xl-lll > Ki(ldu~ I) . q(kduo l,ldu,AVu)

55.2

47

Leptons/quarks

Mg. Mg, Xqq

xgq K q"(lv l’qu’k"q)

5.6.1

51

5.6.2

50.2

Generic models with and without
assumptions on vertex loops and
Th

KW . KZ, K, Kb, Kz, Ky

KXW, X7, K, Xy,
Kz, Kiyo Kp. Ky
"Zy-BRi..u.

AWz Mg, Apz Az,
Aoz Mzs Azy2 Xz
"gl’llyl

x5 (00 k)35 (0 ¢ e K W)
xf;(n.n X, K KW L XZ)

i i s
Ky (008 X e K KW L Kz) (1-BR; u)

%z Nz




most generic model

® allows
deviations in
vertex loop

Kg - KZ/XH ATLAS Preliminary
Vs=7TeV,4.5-470" Vs=8TeV,2031b"
KZ/Kg U o —
95% CL:

. KW/Q lllllllllllllllllIllllllllllll
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the total width K/ ¥z a R e -
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K,/ Kz Ag € [-1.70,-1.07]

PI’QCiSiOﬂ Az / U[1.03,1.73]
15%-40% W S Aoz= 0.60 £027 ———

Az = 0.99t8f3

Parameter Measurement
1.18+0.16
B g Az=090+0.15
[—1.04,-0.81] U [0.80, 1.06]
[-1.70,-1.07] U [1.03,1.73] (RO Aanz<d2
my = 125.36 GeV

0'6Oi0'27 IIIIIIIIIIIIIIIIIIIIIIIIIIIII

0.99*‘%23 -2 -1 0 1 2 3
23 (_95—%7 lgfL) Parameter value

(95%CL) A,z<2.3

0.90 £ 0.15
3.2 (95% CL)




Collins-Soper frame

The kinematic variables sensitive to the spin of the resonance are the diphoton transverse momentum p%y
and the production angle of the two photons, measured in the Collins-Soper frame [31]:

|sinh(Ap??)|  2p}' Y
—,
I + (P%y [Myy)? Ty

|cos 8% =

where An?? is the separation in pseudo-rapidity of the two photons.
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Figure 5: The distributions of the background discriminant BDTzz versus the J” — MELA discriminant for the
JP = 0* and JP = 0~ signal hypotheses in the signal region 115 GeV < mge < 130 GeV.




