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« WH and ZH have 3 and 4t highest cross-sections at the LHC for mH ~ 125 GeV

e H - WW* 2nd [argest branching fraction for mH ~ 125 GeV
« Access to tree-level Higgs-Vector boson coupling strength (kV)

« RunlV(H - WW?*) paper on arXiv (arXiv:1506.06641) and accepted by JHEP
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http://arxiv.org/abs/1506.06641

Global analysis strategy in Runl

Two fully leptonic and two semi-leptonic channels:

WH - WW*) - Iviviv Z(H - Ww*) - lliviv
3 lepton analysis

4 lepton analysis

|

W(H ~ WW*) — Ivivqq WiZ(H ~ WW*) ~ qqlviv
Same sign dilepton analysis =~ Opposite sign dilepton analysis
. _

q q

w+/z0
w20
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Use lepton multiplicity and charge
to divide processes into different
signal regions

Cut & count experiments with each
process also having several signal
regions (jet multiplicity, lepton
flavour, etc)

Shape fit only in WH channel with 3
lepton final state

Signal region selections optimized
independently

Combine results with ggF and VBF
analysis for couplings measurement



WH - 3 lepton analysis

 Major backgrounds are WZIWy*, ZZ* VVV

« Splitinto Z enriched and Z depleted regions using number of
same flavour (SF) opposite sign (OS) lepton pairs

« Both cut&count and shape fit (BDT) analyses

Backgrounds in bold are normalized via a CR

SR selections

Channel 3¢
Category 3SF 1SFOS 0SFOS
Trigger single-lepton triggers
Num. of leptons 3 3 3
DT leptons [GeV] il > 15 > 15
Total lepton charge +1 = | = =
Num. of SFOS pairs 2 1 0

Num. of jets

= <1
(

<

1
> 25 (30) > 25(30) > 25 (30)

PT jets [GeV]
Num. of b-tagged jets 0 0 0
Emiss [GeV] > 30 > 30 -
PRsS [GeV] > 20 > 20 —
|mge — mz| [GeV] > 25 > 25 —
Min. mygy [GeV] >12 > 12 > 6
Max. myy [GeV] < 200 < 200 < 200
ARy, <20 < 2.0 —

Boxed cuts are unique/important to the

analysis
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g BT
g % ATLAS M,
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ARIOI1 lp 1y BDT score BDT Score

(Z depleted region) (1SFOS SR)
Event yields (8 TeV)

Signal Tot. Bkg Observed
3SF SR 0.7+0.1 22+ 4 22
1SFOS SR 1.6 +£0.2 34+6 38
OSFOS SR 1.4+0.2 12 + 2 14
4
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ZH — 4 lepton analysis

 Main background is ZZ*

« Split SR into 1SFOS and 2SFOS to better control ZZ* bkg

* Require small A between Higgs cand. leptons

SR selections

Channel 4/
Category 2SFOS 1SFOS
Trigger single-lepton triggers
Num. of leptons 4 4
PTleptons [GeV] > 25,20,15 > 25,20,15
Total lepton charge 0 0
Num. of SFOS pairs 2 1
Num. of jets =i <1
PTjets |GEV] > 25 (30) > 25 (30)
Num. of b-tagged jets 0 0
Emiss [GeV] > 20 =20
pRIsS [GeV > 15 > 15

< 10 (m52£3) < 10 (’mg:!ga)

]
|mge — myz| [GeV]
Min. my [GeV]

> 10 (mgogl) > 10 ('mgogl)

Max. myy [GeV
myp [GeV

P40 [GeV

]
]
]
Apyye, [rad]

< 65 (mgogi) < 65 (’mgogl)
> 140 —
> 30 —

< 2.5 (A(ﬁ?{fﬁﬂ) <25 (Agﬁ?&‘iﬁ

)

g 102:_| e e o el R
— E ATLAS -4~ Data 7/, Bkg. Uncert. 3
0 F \s=8TeV, 203" B vH (H->ww*) [] Other Higgs
E oL “lepton (1SFOS) | w b g
N O op % 3
I F 3
i ST
© + ]
>
w 1€ E
10" =
e e e

-2 o e | i
Y T 1

PR
A¢§’°‘f‘ [rad]

1.5 2

A@l0I1 in 1SFOS SR o
(increased stats)

Event yields (8 TeV)

2SFOS SR
1SFOS SR

Signal
0.20 £ 0.03
0.23+0.03
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ATLAS

4-lepton (ZZ CR)

Events / 50 GeV

10"
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M4l in ZZ* CR m, [GeV]
Tot. Bkg Observed
1.30 £ 0.23 0
0.41 £ 0.09 3
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W/ZH - DFOS dilepton analysis

« Major backgrounds aretopandZ - tt

i)
2

w20
W+ /70

HY gi
1
* Only consider ep events to suppress ZDY W
* Require dijet invariant mass close to W/Z mass q P
« VBF contamination suppressed by reversing VBF selections
- > 40:""I"" R L i e M) Y menen T 7 FLE Ly PR R B A T E A RS eSS R R peunEn
SR selections & f ATLAS e o & F ATIAS B
Channel & E \s=8TeV,20.3fb" [ Top m v e \s=8TeV, 203 o’ ] Others ] Top 3
@ 30F DFOS 2-lepton m v [ Others = DFOS 2-lepton (Ztt CR) I
Category DFOS - E - i 3
Trigger a@ = £ 2 E
Num. of leptons 2 20; E 4 E
PT leptons [GQV] > 227 15 155_ 7 - _g ‘ é
Total lepton charge 0 105_ A E 4 E
Num. of SFOS pairs 0 S E *_____'__‘ :
Num. of jets 22 50 100 150 200 250 GN0ISH BN ol DTS B Ui g
iets [GeV > 25 (30 : GeV e : Ay,
P jets [GeV] (30) MT (all SR selections """ AYjj in Z+jets CR :
Num. of b-tagged jets 0 T
Emiss [GeV] > 20 except MT)
Min. my, [GeV] = 18
Max. mg [GeV] < 50 Event yields (8 TeV)
mrr [GeV] || < (mz — 25) *
N E WH ZH Tot. Bkg Observed
it ek b sl DFOSSR 1.5+0.1  067%0.04 50+5 63
ijj < 1.2
mjj — 85| [GeV] < 15

*ZH contamination in the 3l and SS dilepton analysis is less than 10%
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WH — SS dilepton analysis

 Major backgrounds are W+jets, WZ/Wy*, Wy

 Require SS leptons to suppress SM backgrounds

* Include 1 jet events, often lose a jet in signal for W* - qq

« Split SR by jet multiplicity and lepton flavor

> T 17
SR selections S gL ATLAS e o b
& E \s=8TeV,20.3fb" m v v 3
Channel 2¢ % 1oL S8 2lepton (2iey %l i e
Category SS2jet SS1jet 2 :
Trigger || single-lepton & dilepton triggers 10g
Num. of leptons !, 2 -
PT.jeptons [GeV] > 22,15 > 22,15 L
Total lepton charge +2 +2 10-1;—
Num. of SFOS pairs 0 0 -
Num. of jets 2 1 10%"~""86" 100 150 200 250 300
_ i ey : m [GeV]
g b’f;;:eg}jifi & 250 (30) e 250(30> MIjjMin in SS 2jet SR o
' : (after Etmiss cut)
ER= [GeV] > 50 i
P [GeV] = =
[mee —mz| [GeV] > 15 >15 Event yields (8 TeV)
Min. my [GeV] > 12 (ee,pp) > 12 (ee,pp) Slgnal
> 10 (ep) > 10 (ep)
mt [GeV] — > 105 (miead) 1jet SR 2.04 £ 0.30
Min. my,_ ;) [GeV] <115 <70 .
Min. JcESJg)ij [rad] S W S 2 Jet SR 1.04+0.18
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Combined H - WW Results (mH = 125.36 GeV)

Signal significance Zg

Observed signal strength p

Obs.

Obs.

Tot. err.

Category Exp. u Syst. err. n
Zo Zo Zo =+ — + —
ggF 4.4 4.2 b 0.98 0.29 0.26 0.22 0.18 ™=
VBF 2.6 3.2 —_— 1.28 0.55 0.47 0.32 0.25 ——
VH gair o — 3.0 el 0.95 0.65 ~——
W H only 077 14 e 2.1 1.9=16 1.2 0i70 - ———
ZH only 030: 90 = 5.1 44 53 1.9 0.89 1
—> ggF+VBF+VH 5.9 6.5 — 16 0.24 0.21 0.18 0.15 -
= s [ I I I I I I I ]
ggF+VBF 58 6.1 012345671.09*+0.23(stat+syst) o 1 2 3 2 5 6 7 9 10
Significance and signal strength summary table (7 + 8 TeV)
T T T I T T T T T T | T T T I 1 1 _"‘ o 5 T T T T T TTrrrrrrrroprerer
4EATLAS H - WW* (ggF+VBF+VH) : S B ML 0
~Vs=7TeV, 451" 4 16 " 5
3 F{s=8TeV, 2031 = - ATLAS ‘-.r'll-l, H — WW* ™ BMF:H .
- A 14 # \s=7Tev, JLtt=45m" ey, o =]
= . — — B d ~ o SM =
25 Sl b i = =/ \s=8TeV, [Ldt=2031" =
C B ias . S 12 10 ek =
1 E_ Ei)_(q)gcted ggF+VBF: :;_ii:“ _E 1 D ;E: H";‘n _;E
= +20 — s *-;‘ -
0 :_ Observed ggF+VBF+VH: “ _: 8; =
= best fit x, =1.06, k¥ =-0.85 %“‘, . o ol A
Rk - oE ,
E Observed ggF+VBF: E c .'. ..‘. El
—2  bestfit x,=104, k=%092 —] 4 : 5
B 1o = B a m
E ] +2c E - % ] 2
—3F - 2:—‘?“ . N & £
— _: 0_HIEEL‘I.:'I||§r||“||1]1|||.|||.|||.|||||2I'g:r1*;|lllllll'-:
_4 1 1 1 I L 1 1 I L 1 1 | 1 L 1 I 1 1 "“f 1 I -—1 U 1 2 3 4 5 6 ? 8
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: : . . i i i WH
Fermionic vs Bosonic coupling strength Ky ZH vs WH signal strength likelihood
likelihood
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THANK YOU!

Joe Taenzer (University of Toronto)



BACKUPS
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MC generators

Process Generator o(xBr) [pb] Cross-section
normalisation
Higgs boson
VH (H—-WW*) PYTHIA [25, 26] v8.165, v6.428 0.24, 0.20 NNLO QCD + NLO EW
VH ( H—171) PYTHIA v8.165, v6.428 0.07, 0.06 NNLO QCD + NLO EW
g9 —+ H (H—=WW*) PowHEG-BoX [27-30] v1.0 (r1655)+ PYTHIA v8.165, v6.428 4.1, 3.3 NNLO+NNLL QCD + NLO EW
VBF (H—WW¥) PowHEG-Box [31] v1.0 (r1655)+ PYTHIA v8.165, v6.428 0.34, 0.26 NNLO QCD + NLO EW
ttH (H— WW*) PyTHIA v8.165 0.028, 0.019 NLO
Single boson
Z [~ (— £f)+jets (mgr > 10 GeV) ALPGEN [32] v2.14 + HERWIG [33] v6.52 16540, 12930 NNLO
HF Z/~*(— £f)+jets (mg > 30 GeV) ALPGEN v2.14 + HERWIG v6.52 126, 57 NNLO
VBF Z/v*(— ££) (mee > 7 GeV) SHERPA [34] v1.4.1 53 28 LO
Top-quark
tt PowHEG-B0X([35] v1.0 (r2129)+PYTHIA v6.428 250, 180 NNLO+NNLL
MC@NLO [36] v4.03
ttW/Z MADGRAPH [37] v5.1.5.2, v5.1.3.28 + PYTHIA v6.428 0.35, 0.25 LO
tqb ACERMC [38] v3.8 +PYTHIA v6.428 88, 65 NNLL
th, tW PowHEG-Box [39, 40] v1.0 (r2092)+ PYTHIA v6.428 28, 20 NNLL
tz MADGRAPH v5.1.5.2, v5.1.5.11 +PYTHIA v6.428 0.035, 0.025 LO
Dibosons
W Z W™ (— Lhbv)(mg > 7 GeV) PowHEG-Box[41] v1.0 (r1508)+PYTHIA v8.165, v6.428 12.7, 10.7 NLO
W Z/W~*(— £00v)(min. mg < 7 GeV) SHERPA v1.4.1 12.2, 10.5 NLO
other WZ PowHEG-Box[41] v1.0 (r1508) + PYTHIA v8.165 21 2: 172 NLO
q3/qq9 — ZM Z#) (— L00L, Elvv) (mgg > 4 GeV) POWHEG-B0X[41] v1.0 (r1556) +PYTHIA v8.165, v6.428 1.24, 0.79 NLO
q3/qg9 — ZM ZW) (= 266, £lvv) (min. me < 4 GeV) SHERPA v1.4.1 7.3, 5.9 NLO
other qg/q9 — ZZ PowHEG-Box[41] v1.0 (r1556) + PYTHIA v8.165 6.9, 5.7 NLO
gg — Z®Z®) ge277 [42] v3.1.2 + HERWIG v6.52 (8 TeV only) 0.59 LO
qq/qqg — WW PowHEG-Box[41] v1.0 (r1556) + PYTHIA v6.428 54, 45 NLO
SHERPA v1.4.1 (for 2(-DFOS 8 TeV only) 54 NLO
g9 —+ WW gg2WW [43] v3.1.2 + HERWIG v6.52 19, 1.1 LO
VBS WZ, ZZ(— L0604 Llvv) (g > 7 GeV), WIW SHERPA v1.4.1 1.2, 0.88 LO
Wx (p} > 8 GeV) ALPCEN v2.14 +HERWIG v6.52 1140, 970 NLO
Zv (p} > 8 GeV) SHERPA v1.4.3 960, 810 NLO
Tribosons
WWW* ZWW*, ZZZ2* WW~* MADGRAPH v5.1.3.33, v5.1.5.10 + PYTHIA v6.428 0.44, 0.18 NLO

Joe Taenzer (University of Toronto)
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Background modeling

Channel 4¢ 3¢ 2¢
Category 2SFOS, 1SFOS 3SF, 1SFOS, OSFOS DFOS SS2jet, SS1jet
Process
VvV MC MC MC MC
W Z /W * — 3-W Z CR, 3¢-Zjets CR MC 20-WZ CR
27" 4¢0-7 7 CR 30-ZZ CR, 3¢-Zjets CR MC MC
OS WWwW — MC MC 20-WW CR
SS W — MC — MC
Woy — — — 20-W~ CR
Zy — 30-Z~ CR MC MC
Z[~* — 3¢-Zjets CR, 3¢-Z7Z CR 20-ZtT CR 2¢-Zjets CR
W4jets — — Data Data
Multijets — — Data Data
Top MC 3¢-Top CR 2¢0-OSTop CR | 2¢-SSTop CR

Background modeling summary table

* Many backgrounds are shared, but contribute differently to the different SRs
 CRs are used to normalize important backgrounds

* Fake lepton backgrounds (W+jets and QCD dijet) are estimated using a data driven technique

Joe Taenzer (University of Toronto)



Control region definitions (3l and 4l)

Channel 4/ 3¢
CR Z7Z WZ Z7Z Zjets Top Zy
Number of leptons 4 3 3 3 3 3
Total lepton charge 0 +1 +1 +1 +1 +1
Number of SFOS 2 20c 1 2ar 1 2o0r1 2ot 2 ar il
(eep or i) (ppe or eee)
Number of jets =1 = =1 =1 = =1
Number of b-jets 0 0 0 0 >1 0
EXiss (and/or) piss [GeV] SaE >30and >20 <30or<20 <30and <20 >30and >20 < 30 or < 20
|mee — mz| [GeV] < 10(me,e,) = 25 — = 25 =5 —
|meee — mz| [GeV] —— <15 -t 1L — =15
Min. my, [GeV] > 65(my,e, ) = 17 =12 =17 =12 = 12
Max. mygp [GeV] — < 200 < 200 < 200 — < 200
ARy, = <20 <20 < 2.0 = < 2.0

Joe Taenzer (University of Toronto)
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Control region definitions (dilepton)

Channel DFOS 2¢

CR OSTop W Zjets

Number of leptons 2 2 2

> 1 conversion e

Total lepton charge 0 +2 0

Number of SFOS 0 - e

Number of jets >9 20rl 2o0r1l

Number of b-jets 0 0 0

Emiss [GeV] > 20 > 45 (1j) > 45 (1j,ee, pp) > 45 (1j)
> 60 (1j,ep) < 85 (1j,ep)

> 50 (2j) > 50 (2j,ee, ppe) > 50 (2j,ee, )

> 60 (2j,ep) < 80 (2j,ep)

|rge — mz| [GeV] — — < 15 (OS ee, pp) > 15 (ee, pp) < 15 (ee, pp)

Min. my, [GeV] > 90 (8 TeV) > 12 (ee, pp) > 12 (ee, pp) > 12 (ee, pp) > 12 (ee, pp)

> 80 (7 TeV)

Max. myg [GeV]
mqrr [GeV]
Adyye, [rad]

mr [GeV]

Min. my,; [GeV]
Min. my,;; [GeV]
Min. ¢g,; [rad]
Pt [GeV]

< (mz — 25)

> 10 (ep)
< 50
<25

> 105 (1j)
<70
< 115
<ilo
> 30

Joe Taenzer (University of Toronto)



Control region event yields

(a) 8 TeV data sample

Channel 4¢ 3¢ DFOS 2¢
CR ZZ Wz ZZ Zjets Top Zy ZTT OSTop
Observed events 122 578 60 251 55 156 328 1169
MC prediction 121416 576163 60L£10 249446 55412 155431 326-L55 11604150
MC (no NFs) 118+10 543450 48+4 351440 48+6 188+17 354456 1120+140
Composition (%)
WZ/We* — 80.3+15 5.5£1.0 25.943.5 2044 1.68+0.31 - —
ZZ* 99.49+0.17 6.7£1.2 90.1+2.1 385 3.6+1.2 47+6 — —
Zy — 0.54+0.17 0.6£0.5 5.5+1.5 2.440.9 4347 — —
Z+jets — 1.1+0.5 2.1+1.5 2047 5.50+3.34 8.3+34 T8.2+28 0.7+0.4
Top 0.019+0.012 0.66+£0.18 0.27+0.13 0.081+0.034 6446 0.13£0.06 10.5+1.6 71.3+£3.3
Others 0.49+0.17 0.80£0.16 1.1620.20 0.87+0.13 3.6+0.6 0.33+0.06 11.2+1.9 27.8+3.2
VH (H - WW?*) 0.026+£0.006 | 0.93+0.16  0.26:0.11 0.37+0.09 0.5240.13  0.052+0.011 0.10040.018 0.21+0.04
Channel 55 2¢
CR Wy Wz WWw S5Top Zjets
Observed events 228 331 769 5142 39731
MC prediction 220441 311466 T42L63 50804350 41000414000
MC (no NFs) 218435 335168 TBTL58 4930+£330 47000£16000
Composition (%)
Wey 85.04+2.4 — 0.46+0.14 0.049+0.018 0.022+0.007
WZ/We* 1.02+40.27 8544 2.3440.24 0.200+0.029 0.38£0.00
WW 0.37+0.08 0.028+0.014 23.9+2.3 1.4340.21 0.57+0.15
Z+jets 42416 7.0L£35 7.0£2.0 2.240.7 97.7+05
Top 0.6840.20 1.50+0.29 62.7+2.8 95.5+0.8 0.86+0.21
Others 8.7+£1.2 53412 32404 0.63+0.11 0.4440.11
VH (H— WW*) — 0.77+0.17 0.32+0.04 0.036£0.005 0.0077£0.0020
(b) 7 TeV data sample
Channel 4¢ 3 DFOS 2¢
CR ZZ wZz ZZ Zjets Top Zy ZTT OSTop
Ohbserved events 24 101 18 68 9 123 55 137
MC prediction 2448 101+16 1845 67+15 844 123126 55415 137+20
MC (no NFs) 1545 99410 10.7+0.6 8147 81414 208+12 51412 145418
Composition (%)
WZ/W* - 875425 3.1+11 6.9+:1.4 1445 0.61+0.15 — —
ZZ* 99.714+0.12 7.4+2.1 92.7+2.3 266 42425 3247 — —
Zy — 1.840.8 0.5+04 48L7 614 5947 — —
Z+jets - 1.5+0.8 3.0+14 19+5 0.4+2.2 82421 7616 0.14+0.15
Top 0.031+0.015 0.7+0.4 0.01+0.20 0.07+0.13 T1+10 0.03+0.04 1345 75.243.2
Others 0.234+0.11 0.56+0.11 0.4440.11 0.115+0.021 42414 0.05£0.17 1144 24.743.2
VH (H—=WW?*) 0.024+0.31 0.53+0.08  0.106+0.030  0.044+0.008  0.41+0.17  0.0154+0.0027 | 0.0484+0.017  0.13540.030




Events /10 GeV

Events /12 GeV

CR distributions (

e L TR AR B B i vl . e [T RRSLISL Trd  FoBeL
T I I T T I

-- Data // Bkg. Uncert.
300 ATLAS : M VH (H-ww*) Il WZWy*
\s=8TeV, 20.3 fb’ e m| zr
3-leptons (WZ CR) [] Others 1 Top
250 O zv

200

150

100

IIIIIIII|IIII|IIII|IIII|I\II\

60 80 100 120 140 160 180 200
m, , [GeV]

e L e L S RN RN LS R
E —4- Data // Bkg. Uncert.
20 ATLAS B VH (H->Ww*) [ Top =
18 Vs=8TeV,20.3fb" | vzwy m v =
£ 3-leptons (Top CR) [] Others m zz B
16 O zy =
145 :
120 =
105 E
8F- :
o
4
oF ]

20 40 60 80 100 120 140 160 180 200 220 240
m, ., [GeV]

oII

Events /10 GeV

Events / 10 GeV

180T T T T T e
F ATLAS - I‘D/aHta // Bkg. Uncert. o
- (H—>Ww*) zz* _
160; \s=8TeV, 203 fb" = ziy = wzwy ]
140[— 3-leptons (Zjets CR) O zv [ Others
- [ Top ]
120 3
100 =
L / =
80F- < =
601 =
40 g
20F =
Co L ]
20 40 80 100 120 140 160 180 200
m, , [GeV]
1001
: ATLAS - Data // Bkg. Uncert.
W VH (Howw*) [l 2z
gol \s=8TeV, 203 fo! = 2y = zr
| 3-leptons (Zy CR) m wzwy [] Others
| I Top

40

20

20

60 70 80 90 100
m, . [GeV]

Joe Taenzer (University of Toronto)

3l

Events /10 GeV

40
35
30
25
20
15
10

llllllllIllIl‘llIIIIllTIIIlIIIIIIIlIlIIlII

20

L5 L [

ATLAS
\s=8TeV, 20.3 fb"
3-leptons (ZZ CR)

L 7L ) ) LV A ) B

—4- Data

W VH (H->ww*) Il 22

I wzwy
[] Others
[ Top

// Bkg. Uncert.

M zv
dzy

III|IlII|IIIl|IIII|II\I|IIII|IIII|IIIIII

——

m, , [GeV]

16



CR distributions (4I)
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CR distributions (DFOS)
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Events /0.2 rad

Events/ 10 GeV

CR distributions (SS)
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Systematic uncertainties

(a) Uncertainties on the VH(H— WW?*) process (%)

Channel 4¢ 3¢ 2f
Category 2S5FOS 1SFOS | 3SF 1SFOS 0SFOS | DFOS SS2jet SSljet
Theoretical uncertainties
V H acceptance 9.2 9.3 9.9 9.9 9.9 10 10 9.9
Higgs boson branching fraction 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2
QCD scale 3.1 3.0 1.2 1.0 1.0 1.3 1.0 1.0
PDF and ag 1.0 1.1 2.1 22 2.2 1.9 2.3 2.2
VH NLO EW corrections 1.7 1.8 1.9 1.9 1.9 1.9 1.9 1.9
Experimental uncertainties
Jet 2.0 3.1 2.5 2.5 29 3.2 3.9 5.8
ESS soft term 0.2 0.3 - - - 0.3 0.6 0.2
Electron 2.6 2.8 1.6 2.2 2.2 1.5 2.1 1.7
Muon 2.6 24 2.2 1.8 1.7 0.8 1.8 1.9
Trigger efficiency 0.2 - 0.4 0.3 0.3 0.5 0.6 0.5
b-tagging efficiency 0.9 0.9 0.9 0.8 0.8 2.9 3.5 24
Pile-up 1.9 0.7 2.0 14 0.8 1.7 1.0 24
Luminosity 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8

(b) Uncertainties on the total background (%)

Theoretical uncertainties
QCD scale 0.2 0.1 1.0 0.9 — 3.7 13 2.3
PDF and as 0.2 24 0.3 0.3 1.6 14 0.5 0.6
VVV K-factor 2.8 8.1 1.1 1.9 0.5 — - 0.3
MC modelling 5.3 4.3 7.0 6.6 - 4.1 0.8 14
Experimental uncertainties
Jet 21 24 3.2 1.8 4.1 7.2 5.0 34
Eijss soft term 2.3 0.6 1.8 1.9 0.5 1.1 0.2 0.7
Electron 1.0 14 1.0 0.4 1.1 0.7 1.1 0.8
Muon 1.1 1.2 0.4 0.7 0.2 0.2 0.4 0.8
Trigger efficiency - 0.2 0.2 - - 0.1 - -
bh-tagging efficiency 0.6 0.8 0.6 0.8 2.6 0.7 1.4 0.3
Fake factor - - - - - 2.8 10 10
Charge mis-assignment - - - - 1.4 - 0.7 0.8
Photon conversion rate - - - - - - 1.1 0.9
Pile-up 1.2 1.1 14 0.3 1.2 0.9 1.0 1.0
Luminosity 0.4 0.8 0.1 0.2 0.7 — 0.7 0.3
MC statistics 5.3 2.0 3.8 3.2 5.5 31 7.3 3.9
CR statistics 8.1 6.6 4.2 3.9 8.8 2.5 2.8 3.5




(a) 8 TeV data sample

Event yields

Process 44 3¢ 20
Category 2SFOS 1SFOS 2SFOS 1SFOS 0SFOS DFOS SS2jet SS1jet
Higgs boson
VH (H— WW*) 0.203+0.030 0.228+0.034 0.73+0.10 1.61+0.18 1.43+0.16 2.15+0.30 1.0440.18 2.04+0.30
VH (H —17) 0.0084+0.0032 0.012+0.004 0.057+0.011 0.152+0.023 0.248+0.035 = 0.0364-0.008 0.2740.04
gl — — 0.076+0.015 0.085+0.018 - 2.44+0.5 = —
VBF = — = = = 0.180+0.025 = =
ttH — e = — == = = .
Background
1% — — 0.2240.16 1.940.6 0.37+0.15 1444 8+4 15+5
4% 1.174:0.20 0.3140.06 19+3 2844 4.7+0.6 10.14+1.6 11.242.1 2644
VvV 0.124+0.04 0.1040.04 0.840.3 2.240.7 2.93+0.29 — = 0.4740.05
Top 0.014+0.011 — 0.91+0.26 2.440.6 3.7+0.9 2444 0.754+0.19 1.3+0.5
Others — — — — — 2.3+0.9 0.7140.30 0.6040.24
Total 1.304:0.23 0.4140.09 2244 3446 11.7+1.8 5045 2145 4446
Observed events 0 3 22 38 14 63 25 62
7 TeV data sample
Process 40 3¢ 20
Category 2SFOS 1SFOS 3SF 1SFOS 0SFOS DFOS
Higgs boson
V(H - WW*) 0.0226+0.0033 0.0208+0.0031 0.12940.013 0.32540.034 0.29140.031 0.284+0.05
V(H - 771) 0.0031+0.0012 0.0014+0.0008 0.0163+0.0035 0.04140.006 0.06740.010 0.0075+0.0032
ggF o - 0.0045+0.0015 0.0045+0.0019 0.0048+0.0027 0.32+0.09
VBF . 7 — . = 0.02140.004
ttH - = = 0.00640.004 0.00414-0.0032 -
Background
v s . 0.36+0.30 0.59+0.34 0.364+0.22 3.4+1.3
Vv 0.374+0.14 0.0314+0.013 4.1+0.6 5.7+1.0 1.340.2 0.8940.27
vvv 0.01440.005 0.0095+0.0033 0.082+0.028 0.21+0.07 0.3384+0.031 =
Top 0.006+0.004 e 0.12+0.14 0.4+0.3 0.4440.29 3.240.8
Others — e — s = —
Total 0.394+0.15 0.04140.016 4.6+1.1 7.0+1.9 2.5+0.7 oLl
Observed events 1 0 5 6 2 i
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Events / 40 GeV
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Events / 10 GeV

Kinematic variable distributions
(DFOS)
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Events / 22 GeV

Events/(m/8) rad

Kinematic variable distributions (SS)
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l"lVH

VH Results (mH = 125.36 GeV)

Signal significance Zg Observed signal strength p
Category Exp. Obs. Obs. u Tot. err. Syst. err. 08
Zo Zo Zg + - + -
40 041 1.9 — 4.9 Ao gn 0.40 —_——
2SFOS 019 0 | —5.9 6.8 4.1 0.33 .72 ———
1SFOS 0.36 2.5 — g g 81 ta4 of 0.64 O
30 0.79  0.66 | Oir2 s ECE 040 5H0-29 =
1SFOS and 3SF 0.41 0 | 90 on o 1 0.92 ——
0SFOS 0.68 1.2 et 1.7 1.9 1.4 051 0.29 —j—
20 059 2.1 e 3.7 10 15 1 i1 -
DFOS 054 1.2 et 2.2 2:0 19 1.0 1.1 “——
SS2jet 0.17 1.4 e 7.6 6.0 54 3.2 3.2 e
SS1jet 027 23 p— g4 13 38 o3 2.0 ~——

10 12 14 16

1 1.5 2 . 0.5

VH vs ggF signal strength likelihood Moo VH vs VBF signal strength likelihood Hyer
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