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Decay diagrams

v Introduction

v Experimental techniques and

results of y measurements:

» H>zze
» H - WW* '

» H = vy (Zy) H---- A
v Conclusions and outlook

@® Fermion coupling i

* Mass, Spin, differential measurements ® Boson coupling
are covered by other speakers
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Introduction

v Very successful Runl at the LHC

- Discovery of the Higgs boson with bosonic

decay channels

— Relatively clean signature with excellent detector

capabilities

- Precision measurement of the

Higgs boson production/decay

rates (couplings) provides

tan

constraints on BSM scenarios, or is

capable of observing deviations

from the SM

T.Kishimoto (Kobe)

Constraint on hMSSM model
as an example
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Efficiency

Data/ MC

ATLAS performance in Runl

v All results presented in this talk are based on
- 4.6 fb-lat 7 TeV (2011) and 20.7 fb-! at 8 TeV (2012)

v Data taking efficiency: 94%:

physics quality: 91%
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Reco/ID performance almost
independent of pile-up conditions
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Higgs production at LHC

~125 GeV
107 f——— ,

Vs=8TeV -

o(pp — H+X) [pb]

10’2?; 1 : .
80 100 200

300 400 \ 1000

: _ M, [GeV]

ggF is the dominant process
at the LHC

ggF VBF q

® Fermion coupling @ Boson coupling

v This talk covers y measurements using bosonic decay modes:

aqgF VBF VH ttH Phys. Rev. D. 91, 012006 (2015)

H—-ZZ* 4 v v i} Phys. Rev. D. 92, 012006 (2015)
H— WW* v v v B JHEP 08 (2015) 137

H—vy W v W W, .—1 Phys. Rev. D. 90, 112015 (2014)
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H— ZZ*—4]: overview

v Final state particles can be H—ZZ*—2u2e candidate
fully reconstructed QATLAS |

- Two same flavor and opposite-
sign lepton pairs
v Low branching fraction, but
very clean signature
- Signal to background ratio "2

"90% of final events

v Event categories for rate measurements: /
High mass Low mass Additional
4| selection -  twojets >  twojets lepton N ggF
VBF W(=jj)H, Z(=jj))H  W(=IV)H, Z(~IDH
| || || |
| | |
VBF enriched VH enriched ggF enriched
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H - ZZ*—4l: backgrounds

>
)
Q)
0
Al
S~
2]
e
c
()
>
Ll

35

30

20

15

10

E H—>2ZZ" — 4

T {s=7Tev det=4.5 fo!

L Vs=8Tev f Ldt=203 "

25 |

+ Data — Z Z
|:| Signal (mH =125GeV u=151) 7

= T E - Simulation normalized to the SM

Inclusive
: : Z+jets, tt

| methods

B / cross section (Powheg+GG277)

- Estimated using data-driven

. - Background enriched CR

80 90 100 110 120 130 140 150 160 170 - Extrapolate CR to SR using transfer factors
m,, [GeV]

v Discriminating variables: R
% 165_H—>ZZ*_>4I |:|Signal(mH=125GeVM=1.51)_E
- My I% 141 a7 det=4_5fb41 =Z::j .
ADT = s _ _ ed b 12 S o emswrany ]
— “— - e

— 2D fit to ma4; and BDT is baseline method to

pt*, n%, Dzz=In(|M;sig|?/|Mzz|?)

8
6_
*M is matrix element 4l
2
0

extract the signal

-1 -0.8-0.6-0.4-0.2

}ZZ ejection |

1|

0 02040608 1
BDT,. output
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H - ZZ*->4l: results

v Summary of signal

strength measurements:

- Ratio pver+vH/Hggris 0.271-2 g9

— Consistent with the

SM expectation
— Currently

statistically limited

—_
\S]

o

Ir{)l T IOI T INI -h @ m

1
AN
T

-bl

(s=8 TeV [Ldt=20.3 fb™! -

2D model ggF
m,, = 125.36 GeV

X
Y JoF +bBHiH SM

Af Vo=8TeV fLdt =20.3 fb"

agF 1.7 +0.5 -0.4
VBF + VH 0.3 +1.6 -0.9
Combined |1.44 +034_y3;(stat)*021 g 11(syst)
RN RN R RN RN AR AR L L L N I
~ 4+ SM ATLAS . ATLAS - 68% CL
- ¢ ettt e 51 Ho2z'— 4 ~95%CL -
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Coupling strength scale factors for vector bosons (kv) and fermions (k)
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H - WW*: overview

ggF H = WW* candidate

H—-WW?*- evuv candidate and no jets

v Large branching fraction

Longitudinal view Transverse view

- VBF and VH productions can be

studied
— Purely bosonic channels | s S
v Relatively clean signatures / o 5 e
o = GATLAS
by selecting isolated leptons , T

Production modes Decay modes Lepton requirements

ggF and VBF —— H->WW*—=Ilvlv —— Opposite-sign di-leptons
— W(H-WW*)— Ivlvgqg — Same-sign di-leptons
WH > W(H-WW*)— |vlvly —— 3 leptons

— V(HPWW*)— qqlvlv —— Opposite-sign di-leptons

/H > Z(HOWW*)— lllvlv — 4 |leptons
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ggF and VBF H > WW*: overview

_ Event categories
v Analysis is split by lepton st | in ggF and VBF

. I
flavor and number of jets due Analysis
to different bkg. composition

ep |ee/up ey ee/pp

. . . . . T geF- VBF-
v Discriminating variables: most sensitive L [
— Aq)” ep (8TeV) eu ee/pp
—) Sma” Openlng angle Of tWO ggF-enriched VBF-enriched
leptons from W decays due to Sof”lu | T
. . c — - S = Sla
Spln—O nature of the HIggS boson o [ Vézéé\f%ﬁfb” 1 Exp = syst
— mTt, m of sub leading lepton & .o! {mpy
T, M, PT g 1ep 7 207 ey channel {OTop
. {0 ww
10 Misid
—Final variable used in fit to extract 10 8 biggs
the signal is mt or BDT score
—t |
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ggF and VBF H - WW*: backgrounds

v Various physics processes contaminate to signal
regions as backgrounds

v ggF-enriched category as an example:

> I | I I I I | I I I I |
) * Obs = stat : -
S 400 - + ATLAS | * Obsa WW, Top, di-boson(VV), Z+jets(DY)
= **  soaTev, 203f° | Bxp=syst ’ ’ ’ |
~ - - - Rates are extracted from data in
— /, ] 1IggS .
s | S/B~ 0.1 | W control regions but shapes are
. DY . .
" 200} SR extracted from simulation
i DJFV/
|0 Top
¥ 400 F T T T T
| L JJ E ATLAS | ! Obs = stat
[ [ I 9 . \E=8T6V, 20.3ﬂ'f1 | % Exp * SYSt
0 100 20,?7 oV 3( 2 WW CR | miggs
T £ 200 o 7y —EEV)ZYSV
. . + {mDY
W+jets, QCD (Misid) theo. err.|@Miid
- Rates and shapes are extracted

from data using transfer factors 100 200 3(
m+ [GeV]
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VH H —» WW?*: overview

) 4 leptons 7 3 leptons
v Analysis is split by lepton
multiplicity and charge

- 3 lepton analysis: shape fit to
BDT score and ARjonn

— Other analysis: fit without
shape information

SS di-lepton analysis

[lj

v Major backgrounds

= e <] el IR I LML R I LI B I I 3 =
are normalized Pogatas T e e
] g 14[~ 3-leptons (0SFOS) 5 “xv E?D = %
using CRs 18
“ 1= ARjon E
. i3
- Di-bosons, Top,
L—TT, etc i3

0 05 1 15 2 25 3 35 4
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H - WW?*: results

v Summary of signal strength measurements:

U Exp Zo Obs Z,
ggF 0.98 +0.29 -0.26 4.4 4.2
\ﬁ_%F 1.28 +0.55 -0.32 2.6 3.2
VH 3.0 +1.6 -1.3 0.93 2.5
Combined 1.16 +0.24 -0.21 5.9 6.5

BDT in VBF-enriched

[T I | I I I I | I I I I | I T ]
- ATLAS . + Obs = stat
7 (s=8TeV, 20.3fb" | =XP=syst

SRS
40 ks i

- Consistent with the SM expectation

- Stat. and syst. uncertainties
contribute approximately equal

in

Events /b

L T
<
5 2

W)
=<

I
<

«— Dominant systematics are theory
uncertainties on the signals (cross
section, acceptance)

EDEECOED
_I
8g

1 2 3
BDT bin number
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H — yy candidate

v Decay to two photons via loop of
Ot h er p art | C I es ) e
- Sensitive to new phenomena

GATLAS

EXPERIMENT

- Er/myy > 0.35 (0.25) for leading (sub-
leading) photon

v Event categorization
- ttH enriched:

§ 0-14:—| ATLAS o — VBF | H—:

_ _ : e o 4 [Ldt=203" Vs =8Tev :ggi » E

b taQQEd JEtS from top decay %m 0.125 + ‘II-I<—>yy,mH=125GeV —+—égtajjjsijélebands E

: S o4 -

- VH enriched: s :
< 0.08[7

- Lepton, MET and jets from V decay 008t 1L ; -
- VBF enriched: 004 Ty, =

90 : E
- BDT score based on VBF topology R TR i e
-1 -08 -06 -04 -02 0 02 04 06 08 1

O
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H — yy: signal and background modeling

E weights / GeV

E weights - fitted bkg

v Signals are extracted from myy distribution by fit

myy distribution

160}- [Ldt=45f" Vs=7TeVv ATLAS 'E
— _ _1 - —
140 det_20.3fb ,Vs=8TeV ¢ Data B
N S/B weighted sum ) _
L . — Signal+background |
- untagged categories —
120 — ===+ Background ]
: — Signal :
100— —
- m,, = 125.4 GeV 4
80{— —
60— ' =
40— —
20—
o=
6 —
4
2
0
-2
-4
-6 IIIII
110 120 130 140 150 160
m,, [GeV]
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Signal

— Crystal Ball function (a Gaussian core with

one exponential tail)

+ small-wider
Gaussian
component

Backgrounds

- Exponential of a

first-order or
second-order
polynomial

- Components are
well understood

Higgs Couplings 2015
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H — vyy: results

v Summary of signal - R
- : — Syst. -

strength measurements:  u, [ ——+—
Woer [ H—I—-—I—II ATLAS ]
- Hcomb — 117 =+ 027 B [Ldt=45fb", (s=7TeV
Mok F He-H fl_dt=20.3fb'1,\@=8TeVE
- Consistent with the SM T T Sy mae 254 Gov
expectation e 1 =2 > Siggal str7ength8

- Uncertainties are dominated

by the statistical uncertainty

—More data are needed to
establish evidence for VBF,VH HvH/Hggr | 0.6 +1.1-0.6

and ttH MiH/MggF | 1.2 +2.2 -1.4

Uver/Ugg | 0.6 +0.8 -0.5
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v Signature: opposite-sign lepton pair + photon

- Branching ratio of H=>Z(—Ill)y is only 5% of H—yy

v No excess is found in myy distribution
— Observed 95% CL limit at 125.5 GeVis 11 X SM expectation

Events/GeV

- D
“mury distribution

ATLAS

—e— Data

..... H—2Zy (m =125 GeV, og,x50) |

fLdt = 4.5 0, Vs=7 Tev
[fLdt =20.3 fo", Vs=8 TeV

Ldt=45f" Vs=7TeV

(H—2y)

1 ]
det=20.3fb Vs=8TeV — .

SM

95% CL limit on o(H—Zy)/c

----- Expected

+ 20

ATLAS

95% CL limit -

T.Kishimoto (Kobe)

1 L | Jd L 1 Jd l L 1 1 L | Jd Ll L
140 150 160
m, [GeV]

v Prospects for H—Zy search [ATL-PHYS-PUB-2014-006]
- p-value = 2.30 (3.90) with 300 fb~1 (3000 fb-1)

Higgs Couplings 2015

135 140 145 150

m,, [GeV]
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VBF/VH productions

v Combined results of focusing on individual production

pProcesses [arxiv:1507.04548]
< VBF and VH productions are good probes to test Higgs

and gauge boson interactions

v Assume the SM Higgs decay ratios for p measurements

- pver= 1.23 £ 0.32
- pvn = 0.80 = 0.36

- Consistent with the SM
expectation

0.23
Hggr = 1.2325 5

ATLAS
68% CL: i \/S=7TeV,45-47fH"

95%CL: ——— 4/s=8TeV,20.3fb"

IJVBF - 1 23 i 032

Uy = 0.80 + 0.36

Uy = 1.81 £0.80

- 4.30 evidence of VBF production

:*7
' my, = 125.36 GeV

Signal strength (u)

Oct. 12 2015
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Conclusions and outlook

v The measurements of the production and bosonic

decay rates of the Higgs boson are consistent with
the SM expectation so far..

H-—- ZZ" 1.44 +034_y3;(stat)*921_g 11(syst)
H - WW* 1.16 +016_g;5(stat)*0-18_g.15(syst)
H— YY 1.17 :o023(stat)*0-10_ggg(syst)*0-12_g og(theory)
v In general, the analyses are still < T e —————
. . . . 2 °F [ LHC Delivered E
StatIStlcaIIy IImItEd _g 1.4;— [ ] ATLAS Recorded ]
5 1.2 Total Delivered: 1.31 fb”
+ Also systematic uncertainty is often g ¢ momesae
stemmed from the statistic nature g °¢ Run2datal -
_ _ S o04f g
More precise measurements will be 02k E
. R S R N
performed using Run2 datal! 2605 2606 2807

T.Kishimoto (Kobe)
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R —
Decay fraction

% 1__| 1 L R B I B L I R I B I B I_:§ EI 1 O ; | T T T T T T T T | T T T T ; §
o ~ WW T 2 E \'s =8TeV J¢g
S5 bb i o i 1o
— g 9
© - 1% - — Fvag = ¢
5.9l 7z X 18BF HA v WW=Tvag 3 £
= E CWH 4 Fvbb WW — vy 1
W~ > : LA -
M : cC : 1 0-1 = - e . ZZ — |+|-qq =
%) = : =
81 0-25_ _E / 27 — |+| vV E
T . ol 7z M
- i 10“E \ E
10° _ , A\ 1
/ - 3L ZH — I'Tbb\ = B
- MM - 1 O = I — e, M \\u\.“ YY ;
/ N V = VeVVy " -
10-4 oo I e N [ B | q = UdSCtl) A\ e y
80 100 120 140 160 180 200 10 L S e
M., [GeV] 100 150 200 250
M, [GeV]
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H - ZZ*—-4l: event selections

v Four isolated leptons - :
- pr>20,15,10, 6 (7) GeV N _
- electron: |n| < 2.47, muon: In| <2.7 ¢  Emmne gt

v Two opposite-sign lepton pairs _ E
- on-shell Z: mi12 = [50,106] GeV 5_ _

- off-shell Z: m34 = [Mmin,115] GeV
Mmin=[12, 50] GeV depending on maj

v FSR recovery

- 4 % (1%) recovery for collinear (non-collinear)

v Event categorization
- mjj > 130 GeV with p1jet > 25(30) GeV — VBF enriched
- 40 < mjj < 130 GeV and BDTyn > -0.4

- additional lepton with pT > 8 GeV
— Other events — qggF enriched

— VH enriched

T.Kishimoto (Kobe) Higgs Couplings 2015 Oct. 12 2015



H - ZZ*: expected signals

Category g9 — H,qq/gg — bbH/ttH qq¢ — Hqq q@ > W/ZH
Vs =TTeV
ggF enriched 2.06 + 0.25 0.114 + 0.005 0.067 £+ 0.003
VBF enriched 0.13 = 0.04 0.137 & 0.009 0.015 = 0.001
VH-hadronic enriched 0.0563 = 0.018 0.007 £+ 0.001 0.038 += 0.002
VH-leptonic enriched 0.005 + 0.001 0.0007 + 0.0001 0.023 + 0.002
s =8 TeV
ggF enriched |12.0 + 1.4 | 0.52 + 0.02 0.37 = 0.02
VBF enriched 1.2 + 0.4 0.69 + 0.05 1 .01
VH-hadronic enriched 0.41 + 0.14 .030 + 0.004 0.21 + 0.0
VH-leptonic enriched 0.021 + 0.003 0.0009 + 0.0002 |(0.13 + 0.0

7
93% purity

/

35% purity

/
34% purity

Oct. 12 2015
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H— ZZ%:. BDTzz

% O_4§I T T | 1T TT | 1T TT | 1T TT | 1T 1T | T T 1T | T T 1T |:
(OD 0.352 ATLAS Simulation ggg“mﬁ% Gev) ;
Z . * = ;
oy 0.3- H—ZZ*—4] -
o o \s=7TeV f Ldt=4.51b" .
2025 s=8T Vdet 203fb" E
o — s = e = 20. . " . - '
2 02 - Training variables BDTzz« output
0.15E = E
= E Lr) 7'|||||II||||||||||||||||||||||||I|I7 80'127III|IIllIlllllIlIII|III|III|III|III|III7
0.1 —; © 0.14~ ATLAS Simulation %ggF o5 ey ] S - ATLAS Simulation %ggF —
] = . ) ] = 0.1 .
= 7 = L . _| L * i
005%5 i g O 12* H—ZZ*—4] EZZ B § . H—=ZZ"—4] EZZ |
= . - 7 = i i
OO 50 100 150 20(')' 250 30|OuEI3gO 2 0_1:— s=7TeV det=4.5fb'1 { O*NO_OS s=7TeV det=4.5fb" ~
4 — - Vs=8TeV [Ldt=2031b" ] — - Vs=8TeV [Ldt=20.3fb" .
Py [GeV] T T 11 Qnnal J ]
- = . m 0.06
- 7 O - -
L(). 0.2571 L L L L L L O L B |7 0065 E =S i E : :
S [ ATLAS Simulation =/ B 1 | =0.04 ]
5 . " | 0.04[- = 4 | = [ . ]
o 0.2+ X EZZ* - B ’ P _ ]
] - H—=ZZ*—4] - B — ] 0.02 L— B
° . ) 1 0.02F ] .02F e :
K =7TeV [Ldt=451b . = 5 = 1
DNO 150 ; v ) - B O: =—— " = = i
19" {s=8TeV [Ldt=2031b B i =i = L
S J ] 8 6 4 -2 0 2 4 6 8 077" 06 02 02 06 1
> ] " BDT,,. output
% O1j = i zz p
0.05 -
: == :
oL [0 | ===t a2
6 4 -2 0 2 4 6 8
D_.. output
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H—- ZZ%. BDTvn

BDTvx output

O i ]
S 0.12]- ATLAS simulation m=125 GeV |
\E - H—2Z —4 ) ) oo )
E 0.1+ \s=7TeV [Ldt=4.51b _1 Y v - | | )
@ [ \ec8Tev jla-z03f 1 ¥ a) invariant mass of the dijet system
O 0 08"_ VH-hadronic enriched category B . .
S “osmGen<ia 1 ¥ b) n separation between the jets
Z B | .
= 0.06- 7 v C) pt of each jet
0.041 1 v d) n of the leading jet
0.02} s
, -
1  -06 -02 02 06 1
BDT,,, output
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H—- ZZ*: ll+pp background

|4+ pup control regions

v,
N
o
\'
o)
o

3 ATLAS 1 & I AlLAS :
<100 Vs=7TeV fLdt=45M" | 2 70 (s=7TeV [Ldt=45f"

-~ Vs=8TeV [Ldt=20.3fb" ~ - Vs=8TeV [Ldt=20.3fb™" . .
s el 260 e ammery 1) Reference region is
q>) 80 | l+uw Inverted d | control region N q>_, - l+uu Inverted isolation control region .

w i

50| 1 defined by applying

— -¢-Data

T s 1T g . analysis event selection
O e 1 s i 1 except for the isolation
ZZE ____________________________________________ 12;%?ﬁ+ﬁ_%_+ . and impact parameter
A 00T 2)Number of Z+jets and
Ejz _ atias W'mj'mws'fb _ E‘QOE' atias wI7ijlLdt45|fb ttbar backg ro.unds N a
5 ool ooy n-zan' | S100F fo=8ToV flot=2031" reference region are
CI R T B L1 1 estimated from fit on CRs
“wf U R N © v 3) Apply transfer factors
Zz% % 40?_%2'?5;;'“”1“3 estimated from MC
o T L\ (reference to signal)
50 60 70 80 90 100 50 60 70 80 90 100
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H - ZZ*: ll+ee background

v 1) Define a control region by:
v relaxing selection of the lowest pt electron
v requiring same-sign for sub-leading electron pair

v 2) Estimate composition of light flavor jets, photon conversions
and heavy flavor semi-leptonic decay by fit

v 3) Apply transfer factor from Z+X simulation with data corrections

_.(L) F | | | Te) C T T T T T T T
S - (s=7Tev [Ldt=451" ATLAS N - ATLAS —4 Data
u>J L (s=8TeV [Ldt=20.31b" —4— Data o 3 (s=7TeV flat=ds5f’ f =1290 +38
3 oy f =1290 +38 ~ 10 = y= 62=x13 =
10° 71 y= 62213 3 2] F Vs=8TeV [Ldt=203f" ... q= 21:5
= . q= 21z5 GC) C — Total
- Total >
L
@
I I t I ] 102 o . |
10F E
1F =
l | | : l 3
0 1 2 3
B-layer
r]hits
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H - ZZ%: systematics

Table 9: The expected impact of the systematic uncertainties on the signal yield, derived from simulation, for mg = 125 GeV,
are summarized for each of the four final states for the combined 4.5 fb—! at /s =7 TeV and 20.3 fb~! at /s = 8 TeV. The
symbol “-” signifies that the systematic uncertainty does not contribute to a particular final state. The last three systematic
uncertainties apply equally to all final states. All uncertainties have been symmetrized.

Source of uncertainty 4 2e2n  2u2e de combined
Electron reconstruction and identification efficiencies - 1.7% 3.3% 4.4% 1.6%
Electron isolation and impact parameter selection = 0.07% 1.1% 1.2% 0.5%
Electron trigger efficiency - 021% 0.05% 0.21% <0.2%
¢4 + ee backgrounds -~ - 3.4%  3.4% 1.3%
Muon reconstruction and identification efficiencies 1.9% 1.1%  0.8% - 1.5%
Muon trigger efficiency 0.6% 0.03% 0.6% - 0.2%
£¢ + pp backgrounds 1.6% 1.6% - = 1.2%
QCD scale uncertainty 6.5%
PDF, a, uncertainty 6.0%
H — ZZ* branching ratio uncertainty 4.0%
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H - ZZ%: systematics

Table 10: Systematic uncertainties on the yields expected from various processes contributing to the VBF enriched, VH
leptonic enriched, VH-hadronic enriched and ggF enriched categories expressed as percentages of the yield. The variou
uncertainties are added in quadrature. Uncertainties that are negligible are denoted by a “—”. All uncertainties have bee

symmetrized.
Process g9 — H,qq/gg — bbH/ttH qq' — Hqq' qq — W/ZH ZZ*
VBF enriched category
Theoretical cross section 20.4% 4% 4% 8%
Underlying event 6.6% 1.4% - -
Jet energy scale 9.6% 4.8% 7.8% 9.6%
Jet energy resolution 0.9% 0.2% 1.0% 1.4%
Total 23.5% 6.4% 8.8% 12.6%
VH-hadronic enriched category
Theoretical cross section 20.4% 4% 4% 2%
Underlying event 7.5% 3.1% - -
Jet energy scale 9.4% 9.3% 3.7% 12.6%
Jet energy resolution 1.0% 1.7% 0.6% 1.8%
Total 23.7% 10.7% 5.5% 12.9%
VH-leptonic enriched category
Theoretical cross section 12% 4% 4% 5%
Leptonic VH-specific cuts 1% 1% 5% -
Jet energy scale 8.8% 9.9% 1.7% 3.2%
Total 14.9% 10.7% 6.6% 5.9%
ggF enriched category

Theoretical cross section 12% 4% 4% 4%
Jet energy scale 2.2% 6.6% 4.0% 1.0%
Total 12.2% 7.7% 5.7% 4.1%
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H - ZZ7:

Table 11: The number of events expected and observed for a my=125 GeV hypothesis for the four-lepton final states in a
window of 120 < mys < 130 GeV. The second column shows the number of expected signal events for the full mass range,
without a selection on mys. The other columns show for the 120-130 GeéV mass range the number of expected signal events,
the number of expected ZZ* and reducible background events, and the signal-to-background ratio (S/B), together with the
number of observed events, for 4.5 fb~! at /s =7 TeV and 20.3 fb~! at /s = 8 TeV as well as for the combined sample.

Final state Signal Signal zZz* Z +jets, tt S/B  Expected  Observed
full mass range — ATLAS
y $=Ts H—>2Zzz*—>41 & o —0.1
dp 1.00 = 0.10 091 £0.09 0.46 = 0.02 0.10 £ 0.04 1.7 1.47 +0.10 2 Wl
, - . Vs =7TeV f Ldt = 4.5 fb Signal (m_ = 125 GeV i = 1.51)
22y 0.66 = 0.06 058 +£0.06 0.32+002 0094003 15 099+ 0.07 2
2pu2¢ 0.50 + 0.05 044 +0.04 021+ 001 0364008 08 101 % 0.09 1 (s =670V fiot-z0ary’ [ sesoroms 22,2400 0.08
de 046 £0.05 039+004 0194001 040+009 0.7 0.98 +0.10 1 1T lenial. '
Total 262+ 026 2324023 1.17+0.06 096+0.18 1.1 4.45+ 0.30 6 [ SREET T J
= : i A '0"'2'll" S
Vs =8 TeV )5 - e | 10.06
dp 580 = 0.57 528 +0.52 2.36+0.12 069 +0.13 1.7 8.33 %06 12 . a0 - :h O
2e2p 392+039 3454034 167+008 060+010 1.5 5724037 7 i 0g - umms.. * .
212e 3.06 + 0.31 271 £ 028 1.17+0.07 036 £0.08 1.8 4.23 + 0.30 5 O REL [ - o 0.04
de 279+ 029 238 +0.25 1.03+0.07 0354007 17 3.77 4 0.27 7 4-RJ00 R
Total 15.6 + 1.6 138+ 14 624+034 200+028 1.7 221+15 31 [ ¢ .8...0
- - ).5 RO 0.02
v8=7TTeV and /s =8 TeV L : o IO R
M 6.80 = 0.67 6.20 £ 0.61 282+ 0.14 079 +0.13 1.7 9.81 + 0.64 14 " -
202’1 ‘1-58 i 0-‘15 4004 :t 0-40 1-99 :i: O'IO 0'69 :i: 0'11 1'5 6'72 :i: O"12 9 _1 _I | | | | N | | | 1 Ibl | | | | 1 I.I 1 | 1 1 I’I | _O
2u2e 356 +036 315+032 138+008 072+012 15 524+ 035 6 110 115 120 125 130 135 140
de 3254+034 277+029 1224008 076+0.11 1.4 4.75 + 0.32 8 GeV
Total 18.2 + 1.8 162+ 1.6 741 +040 295+033 1.6 265+ 1.7 37 m,, [GeV]
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H - ZZ*: results

Table 12: Expected and observed yields in the VBF enriched, VH-hadronic enriched, VH-leptonic enriched and ggF enriched
categories. The yields are given for the different production modes and the ZZ* and reducible background for 4.6 fb—! at

V8 =T TeV and 20.3 fb~! at /s = 8 TeV. The estimates are given for both the m4; mass range 120-130 GeV and the mass
range above 110 GeV.

Enriched B Signal Background Total  Observed
category  ggF + bbH + ttH VBF VH-hadronic VH-leptonic ZZ* Z + jets, tt  expected
120 < myy < 130 GeV
VBF 1.18 £ 0.37 0.75 £ 0.04 0.083 £ 0.006 0.013 £ 0.001 0.17 £0.03 0.25£0.14 24 %04 3
(BDTygr > 0) 0.48 = 0.15 0.62 £+ 0.04 0.023 £ 0.002 0.004 + 0.001 0.06 £ 0.01 0.10 £ 0.05 1.26 £ 0.15 1
VH-hadronic 0.40 £ 0.12 0.034 £+ 0.004 0.20 £+ 0.01 0.009 £ 0.001 0.09 £ 0.01 0.09 £+ 0.04 0.80 + 0.12 0
VH-leptonic  0.013 £ 0.002 < 0.001 < 0.001  0.069 £+ 0.004 0.015 £ 0.002 0.016 + 0.019 0.11 £ 0.02 0
ggF 12.8 £ 1.3 0.57 £ 0.02 0.24 +£0.01 0.11 £ 0.01 7.1 £ 0.2 274+04 235+ 14 34
Myy > 110 GeV

VBF 1.4 £ 04 0.82 £ 0.05 0.092 £ 0.007 0.022 £ 0.002 20+ 4 1.6 £ 0.9 24. + 4. 32

(BDTygr > 0) 0.54 = 0.17 0.68 &= 0.04 0.025 & 0.002 0.007 &= 0.001 8.2 1.6 0603 100x1.6 12

VH-hadronic 0.46 = 0.14  0.038 £ 0.004 0.23 = 0.01 0.015 £ 0.001 9.0 = 1.2 06 0.2 103 £ 1.2 13
VH-leptonic 0.026 = 0.004 < 0.002 < 0.002 0.15 £ 0.01 0.63 = 0.04 0.11 £ 0.14 0.92 £ 0.16 1
g9k 14.1 £+ 1.5 0.63 +0.02 0.27 +£0.01 0.17 £+ 0.01 351. £+ 20 16.6 + 2.2 383. + 20 420
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H - WW?*: event selection

Objective

ggF-enriched

VBF-enriched

’n_;'=0 nj=l

nj22ggF

n; >2 VBF

Preselection

All nj «

( pE' > 22 for the leading lepton £,
pt> > 10 for the subleading lepton £2
Opposite-charge leptons
mee > 10 for the ey sample
mee > 12 for the ee/pp sample

\ | mee —mz | >15 for the ee/pp sample
pr o > 20 for ep P > 20 for ep
> 40 for ee/up > 40 for ee/pup

Emiss miss
T,rel ,rel

miss

Pr

> 20 for ep

No MET requirement for eu

Reject backgrounds
DY {

¢ miss (trk)

rrer >40 for ee/pp p
frecon <0.1 for ee/pp  frecon <0.1 for ee/ppu
pf’f > 30 Mrr <Mz — 25
\ A@ge mET > T/2 -

miss (trk)

Trel >3 for ee/pp

Mrr <MZ — 25

PR > 40 for ee/pp
ET" > 45 for ee/pp
Mrr <MZ — 25

Misid. m% > 50 for ep - -
((n;=0 ny =0 ny =0 ny =10
Top ¢ - - - pr " inputs to BDT
[ - - - 3. mygj;inputs to BDT
VBF topology mj; inputs to BDT
See Sec. IV D for Ay;; inputs to BDT
i i rejection of VBF & Xy inputs to BDT
VH (W, Z — jj), Cn<land Cp<1 )
where H 5 WW*  (Cj3 > 1 for j3 with pi® >20
Ogpr > — 0.48
H->WW?* - viv mMee < 55 Mee < 5O Mee < DD mee inputs to BDT
decay topology Adyy < 1.8 Adyy < 1.8 Ady <1.8 Ay inputs to BDT

No mr requirement No mr requirement

No mr requirement

mr inputs to BDT
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VH H —» WW?*: overview

v Analysis is split by
lepton multiplicity
and charge

- In 3 lepton analysis,
shape fit to ARjo11 and
BDT score is
performed to extract
the signals

- Other analyses use the
fit without shape
information

OS di-lepton analysis SS di-lepton analysis

* ARjo11 is the angle separation between the lepton with unique charge (10)
and the lepton closest to 10
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ggF and VBF H - WW*: event selections

v Opposite-sign lepton pair

- pt > 22, 10 GeV

- |Inl < 2.47 (2.5) for e (u)
- my > 10 (12) GeV for ep (ee/pp)

v Background rejection

- AP < 1.8 and
mi < 55 GeV for
ggF enriched

- BDTver > -0.48 for
VBF enriched

- ..etc (backup)

Events / (n/ 24)

Unit norm.

v Jet for categorization

- pt > 25 (30) GeV for |n| < 2.4
(2.4 < |n| < 4.5)

- Njet > 1

L] L] L T

ATLAS
8TeV, 20.3fb"

x10°

- njet = 0,1 — ggF enriched

— VBF enriched

L] l L) L) L] L ' L L}

(b) n;=0,en ]

ATLAS ]
8TeV, 203" |

Oct. 12 2015

Bottom panels
Top panels
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VH H - WW?*: event selections and backgrounds

_ 1 SFOS SR 0 SFOS SR
J 4 |e ton anal SIS B O aras S om | oewerd 8 F aTLAS How g Unen -
. 2 16 ,
0 - {s=8TeV, 203" = Z’;‘H*WW*) SC"N&’“@QS < E (s=87TeV, 20.3 fb" = ;H(H*WW SO‘“‘?’H'QQSE
B | 4-lepton (1SF | 2 14F 3-leptons (0SFOS) P -
- 1SFOS or 2 SFOS leptons 5 "¢ B= & 35 & Seme
- |miz3-mz| < 10 GeV, etc oo _— — b3 E
- Background: Z2Z* o) 1 :
: E E o §
J 3 IeptOn analySIS 0% =051 15 2 25 3 0 05 1 15 2 25 3 85 4 45 5
A¢?0°,°:t [rad] AR,
— 3 SF or 1 SFOS or 0 SFOS leptons
- ARioi1 < 2.0, etc * Backgrounds in bold are normalized
- Background: WZ/Wy*, ZZ* and VVV using CRs
- go_ ,,,,,,,, S ——
- - © aa / Uncert.
v OS di-lepton analysis $owb ATLAS g gt
8 705 \s=8TeV,203fb E 3;:.” E] fr,' _5
— Only ep events, |mj - 85| < 15 GeV, etc ook SoZepon(WrCRh - mmww E
W E .
- : — 50 74 B
Background: Top, Z—TT 3 Wy CR ;

v SS di-lepton analysis 30 L :

- Split jet multiplicity and lepton flavor |
- Background: W+jets, Top, WZ/Wy*, Wy T e e S R,
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H - WW=:

event selection

Channel 40 3¢ 2(
Category 2SFOS 1SFOS 3SF 1SFOS 0SFOS DFOS SS2jet SS1jet
Trigger single-lepton triggers single-lepton triggers single-lepton & dilepton triggers
Num. of leptons 4 4 3 3 3 2 2 2
DT Jeptons |GeV] > 25,20,15 > 25,20,15 > 15 > 15 > 15 > 22,15 > 22,15 > 22,15
Total lepton charge 0 0 +1 +1 +1 0 +2 12
Num. of SFOS pairs 2 1 2 1 0 0 0
Num. of jets <1 511 511 <1 <1 > 2 2 1
PTets |GeV] > 25 (30) 25 (30) 25 (30) > 25(30) > 25 (30) > 25 (30) > 25 (30) > 25 (30)
Num. of b-tagged jets 0 0 0 0 0 0 0 0
EXss [GeV] > 20 > 20 > 30 > 30 — > 20 > 50 > 45
PSS [GeV] > 15 > 15 > 20 > 20 — — — —
|mge — myz| [GeV] < 10 (myye,) < 10 (mp,e,) > 25 > 25 — — > 15 > 15
Min. myp [GeV] > 10 (myye, ) > 10 (meye,) > 12 > 12 > 6 > 10 > 12 (ee,pp) > 12 (ee, pp)
> 10 (ep) > 10 (en)
Max. myg [GeV] < 65 (myye,) < 65 (myye,) < 200 < 200 < 200 < 50 — —
myy [GeV] > 140 — — — — — — —
pr.a¢ |GeV] > 30 — — — — — — —
mrr [GeV] — — — — — < (mz — 25) — —
ARy, — — < 2.0 < 2.0 — — — —
Adpor, [rad] || < 2.5 (Agpost) < 2.5 (AgRp™) — — — <18 — —
mr [GeV] — — — — — < 125 — > 105 (migad
Min. my,;(;) [GeV] — — — — — — < 115 < 70
Min. ¢y, ; [rad] — — — — — — < 1.5 <15
ﬂyjj — — — — — < 1.2 — —
|mjj — 85| [GEV] — — — — — < 15 — —

Oct. 12 2015
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S N S RN

a) prsv™: prl+prMiss+Zpriet ,j'ij

b) Zmjj: migji+mizjiz+mizjr+mizj2 10

C) mj

d) Ayj |

e) 2Ci: Cii+Cp2 N

f) mu S 10 !
g) A E’

h) mr

T.Kishimoto (Kobe)
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H - WW*: BDTver

BDTver output

(a) n;= 2 VBF, eu[] Top
B ww

~ Exp=stat, . B DY
— Hygr (x1) N H99F

[ Misid
. ER4%
e =
(b) n;= 2 VBF, ee/uu

ATLAS Simulation _
\s=8TeV -

-0.5 0 0.5 1
Ogor
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H - WW?*: systematics

Observed u=1.09

Observed pgr =1.02

Observed pypr =1.27

Source Error Plot of error Error Plot of error Error Plot of error
+ —  (scaled by 100) + —  (scaled by 100) + —  (scaled by 100)
Data statistics 0.16 0.15 —(e— 0.19 0.19 S—— 0.44 0.40 S —
Signal regions 0.12 0.12 —— 0.14 0.14 e—— 0.38 0.35 S —
Profiled control regions 0.10 0.10 S 0.12 0.12 — 0.21 0.18 S
Profiled signal regions - - - 0.03 0.03 - 0.09 0.08 -
MC statistics 0.04 0.04 = 0.06 0.06 - 0.05 0.05 +*
Theoretical systematics 0.15 0.12 —— 0.19 0.16 S — 0.22 0.15 e
Signal H - WW"* B 0.05 0.04 o 0.05 0.03 o 0.07 0.04 *
Signal ggF cross section 0.09 0.07 . 0.13 0.09 e 0.03 0.03 ¢
Signal ggF' acceptance 0.05 0.04 " 0.06 0.05 - 0.07 0.07 g
Signal VBF cross section 0.01 0.01 ¢ - - - 0.07 0.04 -
Signal VBF acceptance 0.02 0.01 ¢ - - - 0.15 0.08 ojun
Background WW 0.06 0.06 — 0.08 0.08 mfen 0.07 0.07 .
Background top quark 0.03 0.03 -+ 0.04 0.04 o 0.06 0.06 .
Background misid. factor 0.05 0.05 - 0.06 0.06 - 0.02 0.02 ¢
Others 0.02 0.02 - 0.02 0.02 - 0.03 0.03 -
Experimental systematics 0.07 0.06 - 0.08 0.08 e 0.18 0.14 -
Background misid. factor 0.03 0.03 . 0.04 0.04 . 0.02 0.01 J
Bkg. Z/~* —ee, pu 0.02 0.02 + 0.03 0.03 . 0.01 0.01 i
Muons and electrons 0.04 0.04 o 0.05 0.04 . 0.03 0.02 ¢
Missing transv. momentum 0.02 (.02 + 0.02 0.01 ¢ 0.05 0.05 *
Jets 0.03 0.02 - 0.03 0.03 % 0.15 0.11 o
Others 0.03 0.02 + 0.03 0.03 - 0.06 0.06 .
Integrated luminosity 0.03 0.03 * 0.03 0.02 * 0.05 0.03 *
Total 0.23 0.2]1  —— 0.29 0.26 0.53 0.45
-30-15 0 15 30 -30-15 0 15 3 -60-30 0 30 6
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H - WW*: k calculation
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.. a @
H - WW?*: results

v Likelihood scan as function of kv and Kk:

N WA

K = 0.85 19:26_4 5
Ky = 1.06 +O'1O—O.1O

— Consistent with the SM

expectation

- Total uncertainty is ~10%

T  § 1 I 1 § L 1 1§ 1 1 I 1 4 1 | I 1 4 1 l\_‘,'l‘ 1 4 1 1 l
CATLAS H - WW* (ggF+VBF4+VH) = .
~Vs=7TeV,45fb’ .
Vs =8 TeV, 20.3fb™ -
—  Expocted ggF + VBF+VH: —

E t :

E 3% 20 ]
[ Expected ggF +VBF: .
— +% :
- t 20 _
- Observed ggF+VBF+VH: .
- bestfit x',=1.08, xp=-0.85 -
@l i ]
— B t2¢ —
[ Observed gaF +VBF; n
- bestiit xy=1.04, K =4 082 —
[ +io .
- t 20 -
I ' I l I 2 | l A 1 | l I 1 | l L 1 | l 1 | l —]
Ky

for boson coupling

Oct. 12 2015
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H — vy: event selections

v At least two photon candidates ¢ o " faman -
e | 15-8Tev -

- Er/myy > 0.35 (0.25) for leading (sub- z °% o 2908y
Ieading) phOton < 0.06; :?/?i-;/\j/fjjl:-l-l\lzg -

0.04: ! ¢-Data, sidebands _:

v Event categorization T e e

_l III|IIIiIII|III|IEI|III|III|III|III_
0 20 40 60 80 100 120 140 160 180 200

- ttH enriched: m, [GeV]
- b-tagged jets from top decay 8 oral eI I

s 014 . — VEr ]

- VH enriChEd: §0.12;—+ det=20.3fb,\@=8Tev_s?/+yj+jj E

H—yy, m, =125 GeV —+— Data, sidebands | |

- Lepton, MET and jets from V decay |
- VBF enriched: 0.6
— BDT score based on VBF topology

+ ' s
backup for details OEE e e
-1 -08 -06 -04 -02 0 02 04 06 08 1
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v Decay to two photons via loop of other particles

- Event topology can be fully reconstructed
- Sensitive to new phenomena

v Diphoton events are divided into 12 categories to
maximize sensitivities

H — yy candidate

GATLAS
1 EXPERIMENT

an Ni B , E 56662314

——S S S S

ttH enriched

VH enriched

Event categories

Diphoton selection

'

v _

.'I,I ll‘llh»“]n

L

(WH = jjH: ZH — 33H)

\I{ }l.illlnlli(

tt H hadroni

i _

'

V'H |i;:1~|n|<»n
ZH = I(H

VBF tight
(ggV" — j7H)

'

VH one-lepton
WH sy (vH)

'

VH Epi

(ZH — vwH: WH — fvH)

Oct. 12 2015

VH enriched

VBF enriched

ggF enriched
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H - WW?*: VH results

8 TeV data sample

Process 40 30 20

Category 2SFOS 1SFOS 3SF 1SFOS 0SFOS DFOS SS2jet SS1jet

Higgs boson

VH (H— WW?T) 0.20340.030 0.22840.034 0.7340.10 1.61£0.18 1.43+0.16 2.1540.30 1.04+0.18 2.0440.30
VH (H — 771) 0.008440.0032 0.01240.004 0.057+0.011 0.1524+0.023 0.24840.035 — 0.0363+0.008 0.27+0.04
gl — — 0.0761+0.015 0.08540.018 — 2.41+0.5 — —
VBF — — — — — 0.18040.025 — —

ttH — — — — — — — —

Background
V — — 0.2240.16 1.9+0.6 0.371+0.15 14+4 8+4 15+5
Vv 1.17+0.20 0.31+0.06 1943 28+4 4.7+0.6 10.1+£1.6 11.2+2.1 2644
VvV 0.124+0.04 0.10+0.04 0.84+0.3 2.24+0.7 2.9340.29 — — 0.474+0.05
Top 0.01440.011 — 0.914+0.26 2.440.6 3.7+£0.9 2444 0.75+0.19 1.3+0.5
Others — — — — — 2.3+0.9 0.71+0.30 0.601+0.24
Total 1.30+0.23 0.41+0.09 2244 3446 11.7£1.8 5045 2145 4446

Observed events 0 3 22 38 14 63 25 62

Oct. 12 2015
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H — vy: BDTver

> _l TTT I TT 1T I TT 1T I TTTT I TT 1T I TT 1T I TTTT I TTTT I TT 1T I TTT l_ L{) [ T T T T I T T T T I T T T T I T T T T I T T T T I T T T T ] q— 0-14_|_| TT I TT 1T I T 11T I T T 1T I T T 1T I T T 1T I T T 1T I T T 1T I TT 1T |_|_
2 L ATLAS . — VBF 1 = [ ATLAS ) — VBF ] g - ATLAS . — VBF ]
o 0.14:— det=20.3fb ,Vs=8TeV — ggF —: ~_0.12|- det=20_3fb ,Vs=8TeV — ggF — o 012 det=20_3fb ,V\s=8TeV — ggF T
d 0120 H—yy, m,=125GeV YAV 1 5 H—yy, m,, = 125 GeV VYAV N S F CHoyy,m,=125GeV VY ]
£k " —— Data, sidebands { 3T (.1 " —+ Data, sidebands = 4 " —— Data, sidebands |7
S ot 1 % 1 8 ¢
5 - 1 Z 008 - % 0.08}
< 0.08 -1 1 z -
T 006: . 0.06 - = 0.08F
0.045- - 0.04 —: 0.04:—
0.02F - 0.02 - 0.02F
L - Wt oo e w . PR SR ST NN SN SR T S (NN SN SRS W Sh N : : ! ! ! ! ! ! ! ! ! ! ! ! !
00 100 200 300 400 500 600 700 800 900 100( 02 3 4 5 6 7 8 02 21 22 23 24 25 26 27 28 29
m; [GeV] A”jj Aqbw,//
> _I T I —TT I —TT I —TT I —TT I —TT I —TT I —TT I —TT I —T I_ 1_. _I —TT I —TTT I —TTT I —TTT I —TTT I —TTT I —TTT I —TT I_ 'c.(\'l) E| TTT IIAITILIA§ T T I TT 1T I TTTT I TTTT I TTTT I TTTT I TT 1T I TTT |E
& o ATAS — VBF 1 2 o ATAS — VBF J = 009 . — VBF 3
© $+ det=2o.3fb',\/§=8Tev—ggF 1 £= [ det=2o.3fb',\/§=8Tev—ggF 1 = 08 det=20-3fb,\@=8TeV—99F L E
e H—syy, m, =125 GeV ~ — VV+V/4 1 & - Hoyy,m,=125Gev VAV 1 5= B H—yy,m,=125GeV AN .
%'_ 0.08 + T e © —+— Data, sidebands — ﬁ 0.08— Y¥: My ® —+— Data, sidebands -| £ 0.07 T —+— Data, sidebands -
= 7 zZ B ] § - -
< 1 3 | ] 2 o006f; =
Z — ~ . I ] - 3
< 0.06 1 < 0.06f 1z oosf E
0.04 . 0.04 ] 0.04¢ E
] i ] 0.03F =
0.02 - 0.021 - 0.02F =
. - . 0.01 —
0 2 . = 0_I L — I L I e I e I e I . - O:I 111 I L1 1 | I L1 1 1 I Ll 1 | I L1 1 1 I L1 1 1 I L1 1 1 1 T - =
0 20 40 60 80 100 120 140 160 180 200 0 0.5 1 1.5 2 2.5 3 3.5 4 0 05 1 15 2 25 3 35 4 45 5
p. [GeV] ARTY In*!
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H — yy: event categorization

— BogF  'VBF BWH [IzH fiH bbH tH —
—  ATLAS Simulation H—yy \'s=8TeV

ttH leptonic

ttH hadronic
VH dilepton

VH one lepton
VH EmiSS

1
VH hadronic
VBF tight

VBF loose
Forward - high P,

Forward - low P,
Central - high P,

Central - low P,

O 01 02 03 04 05 06 0.7 08 0.9
Fraction of each signal process per category
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H - yy: systematics

Syst. source Nyp Implementation Section
o Scales 7 NE Fix(oi,6;) VIIIA1
,_g PDF+as 2 NE Fin(oi,05) VIIIA1
% Br. ratio 1 Nt Fix(oi,6)  |[VIIIA1
e Luminosity 2 N Fin(oi,0;) VIIIA 31
5 Trigger 2 N§®* Fin(oi,6;)  |VIIIA32
Photon ID 2 N& Fin(oi, 6;) VIIIA 3.3
Isolation 2 NE Fin(oi, 6;) VIIIA 34
MC MC stats. 14 NE Fg(of,8;) VIIIA2
Jet-bin 2 NEF Fin(o®5,6%") [VIB1}1
| S——
UE+PS 1 NZ Fg(o?,6;) VIIB 12
. £ Higgs pr 1 NEF Eg (0% ,0%F) [VIIB1[3
< g "
% £ Agj; 1 NET Fin(ef",08") [VIIIB 1}4
B n" 1 NEF Fux(of",68") [VIIIB 14
= tiH model 2 NEH Fix(of™H,0/%%) VIIIB 1]
HF content 1 NE Fix(e?,6:)  |[VIIIBI1 5
Scale (tiH cat.) 4 NP Fix(oftH 6tH) [VIIB1|5
Jet reco. 20 NE Fg(e?,8;)  |VIIIB2[
% Emiss 5 NZ Fg(o?,6:) VIIIB2[1
b-tagging 13 NZ Fg(o?,8;) VIII B:@
Lepton ID+isol. NZ Fg(oP,6;)  |VIIIB2 ﬂ
Lepton isolation NE Fg(o?,6;) VIIIB2 3}
Resolution 4 ocs Fux(oi,0i) \'Vlll C1
é OGA FI.N(aiyoi) . ‘
- Fg(o:.8;) -
Scale g  FORTTh VIIIC2
HGA P‘C(oivot) . )
Ba(:k- Spurious Signal 12 JN'N])IU',C 05]"”"(: VII B
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Uncertainty group

syst.
Opu

Theory (yield)
Experimental (yield)

Luminosity

0.09
0.02
0.03

MC statistics

< 0.01

Theory (migrations)

0.03

Experimental (migrations) 0.02

Resolution
Mass scale

0.07
0.02

Background shape

0.02
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.. a @
Combined results

LL 4_ | T T T | T T T T
ATLAS . * - ATLAS .
68% CL:  weiijess \/g =7TeV,45-4.71 3:— {s=7TeV, 454.7 b E
%CL:  — - -1 - Vs=8TeV,20.31fb" -
95% C Vs=8TeV,20.3% 21 m, = 125.36 GeV ]
R e s » 7
' 1= =
+0.23 u
Mggr = 1.23_4 5 o _§
MvBr = 1.23+0.32 E_ \/}— =
. -1 /_> <L O ) J
Hyp=0.80%0.36 | — et -z// | e,
. = CJH—-ww 3
Uy = 1.81 £0.80  —— e — —3: * SM —68% CL * E:;E 7
: my = 12536 GeV - -ll-Bestfit I ---95%|CL I | | DCoTnbined .
0""0_'5'"'11'"'1_'5""2'""2_'5""3 ~4 04 06 0.8 1 12 14 16 1.8
Signal strength (u) Ky

Ucomb = 1.18%0:15_¢ 14 [+0.10(stat.)+0.07(syst.)+9-08_g o7(theo.)]

Kv = 1.09 £0.07
kKr=1.11 £0.16

+0.05_p ps(stat.)+9-03 g o3(syst.)t9-94_g o3(theo.)
+0.12_4 11(stat.)9-10_p go(syst.)t9-06_g g5(theo.)
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Combined results

oi-BRf = (0ggr - BRww-) X (

O ggF

ag; v BRf
BRwyw+

) o I'y
=0(gg > H—-> WW") X X :
O ggF wwe

Parameter

SM prediction

o(gg — H — WW?7) (pb)

0\"131-‘/%,;1-‘
Un'n/f’ggl-‘
OzH /Uggb‘

i | Oggr

Lo /Ty
Lyz Twwe
Lo /Twrwe
VA RTRYS

Best-fit value

o r A +O.9-'.)
4.86 -0.90

,4 +0.035
0.081 _0_02(;

v neo +0.037
0.053 g 026

o 4+0.030
0.013 Zg014

o +0.007
0.012 -0.005

+0.003

0010 —0.003
= +0.05

()l) —0.04

. +O- ll
0'54 —0.11

1.53 +1.64

4+0.76 4+0.52 40.26
—~0.74 —=0.48 —-0.18

[40.031 +0.016 +0.008
—0.024 —0.010 —0.005

[40.032 4+0.018 +0.008 ]
—(.023 -<0.012 —=0.004

-+().()2] +0.020 +0.005 |
—0.013 —0.005 —0.002

—0.002 —-0.001 —0.0004

—0.036 —0.013 —0.005

(40.112 4+0.084 +0.032
—0.090 —0.053 —=0.017

(+1.17 +1.11 +0.301

[ 4+0.005 4+0.004 +0.0014 |
—0.004 —0.003 —0.0005

[ 4-0.003 +0.002 40.0006 ]

[ 4+0.046 +0.022 +0.ous]

4.22 £ 0.47

0.082 £ 0.009
0.036 £ 0.004
0.021 £ 0.002

0.007 £ 0.001

0.01036 = 0.00011
0.124 + <0.001
0.285 £ 0.006
2.60 £0.12

Process VBF ttH W H /H 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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ATLAS Simulation Preliminary

Vs =14 TeV: [Ldt=300 fb™" ; [Ldt=3000 fb

H—yy (comb.)

H— Zy (incl.)

H— bb (comb.)

H—stt (VBF-like)

H—uw (comb.)

ATLAS Simulation Preliminary

Vs =14 TeV: [Ldt=300 fb’ det 3000 fb”

H—yy  (comb.
(0

(1
(VBF-like

(WH-like

(ZH-like

(ttH-like

H—ZZ (comb.
(VH-like

(ttH-like

(VBF-like
(ggF-like

(0
(1
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Prospects

ATLAS Simulation Preliminary
Is =14 TeV: [Ldt=300 fb™" ; [Ldt=3000 fb

/~III|IIII|IIII|IIII

—— 300 fb”, w/ theory —— 3000 fb™', w/ theory
------- 300 fb™, w/o theory ------- 3000 fb™, w/o theory
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