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Introduction

 Higgs boson measurements with diboson channels
& HOyy, HOZZ* I, HDO WW*SIviv

— Small but accessible branching fractions
— Final states relatively clean, good signal-over-background ratio
— Kinematic information (mostly) reconstructable
— 41, yy fully reconstructable, Ivlv with missing neutrinos but have larger Br.
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Expected total production ¢ at 13 TeV
(from YR4) with mH=125.09 GeV:
OHoww—lviy = 591 fb, 0y, = 126 fb,
On-zz-uu =7 b

Contribution from different production
modes: ggF (~87%), VBF (~7%), VH, ttH, ...
(~6%)


https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageAt13TeV

Outline

. | Observation of the Higgs boson at 13 TeV

: | Measurements of total and fiducial cross-sections ,
Thanks for machine and

|
|
|
; Measurements of different production modes : detector teams to smoothly
|
|
|

deliver impressive amount

I Determination of Higgs couplings
: of 13 TeV data!

I Determination of Higgs spin / CP, mass, width

“Observation” of the Higgs boson with 13 TeV data
= An important milestone towards future precision measurement

Measurements of H>2ZzZ*->Illl (14.8 fb! at 13 TeV)?
Measurements of H>yy (13.3 fb! at 13 TeV)?

+ other recent updates in diboson channels

Search for ttH production with multilepton and yy final states (13.3fb1at 13 TeV)3
Differential cross-section measurement of H>WW*->evuv (20.3fb?! at 8 TeV)*

combination covered in E.Shabalina’s talk in the afternoon
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H->ZZ*-2>1ll 13 TeV

Selecting four charged leptons

> ARARANRARRE RRRRNRRLEN LRRRE RARRERRRRN

& 35 ’ATLAS Prellmlnaryé ﬁfggs (- 125 Ge) -

Fiducial phase space © o FH- 22" 4l -z .

o o 30 - 13 TeV, 14.8 16" — uij\is;/w E

Lepton definition g . W Uncertainty ]

Muons: pr > 5 GeV, || < 2.7 Electrons: pt > 7 GeV, || < 2.47 o 25 -

— = ATLAS-CONF-2016-079 1

Pairing L - .

Leading pair: SFOS lepton pair with smallest [mz — mg] 20 - 3
Sub-leading pair: Remaining SFOS lepton pair with smallest |mz — mg,| - I I Clear si gil al

Event selection 15 I I -

Lepton kinematics: Leading leptons pt > 20, 15, 10 GeV - I I d bOVE :
Mass requirements: 50 < my2 < 106 GeV; 12 < m3q < 115 GeV 10 - | backgro&nd

Lepton separation:  AR(¢;, £;) > 0.1(0.2) for same(opposite)-flavour leptons - ) ]

J/y veto: _ (&, €) > 5 GeV for all SFOS lepton pairs S5F | E

Mass window: 1 115 < mye < 130 GeV 1 i | i

90 100 110120 130 140 150 160 170

- 080

m,, [GeV]
Fiducial and total cross-sections for pp—=>H with mH=125.09 GeV
Measured Predicted ) _ o
032 - 54:1)18(2} h J%;_SSM = 3.07702! i - Measured © P.ngher than SM pr.edlctlon
N + - Total uncertainty O(20%), dominated
Tior = 81 Pb Tiot,SM = 33.57 Pb by the data statistical unc.

1) total o from YR4 x MC acceptance
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H->ZZ*-2>1ll 13 TeV

1 Event categorization to explore different production modes

Events passing 4l selection

m,, [118-129] GeV

pr ;> 30 GeV

‘ 2 or more jets ‘

ATLAS-CONF-2016-079

Events

>=1 leptons jet ljet m. <120 GeV >120 GeV
e | [ ) [mpzocev ] [ mptiocey
Discriminant | | Discriminant | | Discriminant | | pigeiminant
Just counting BDT-ZZ BDT-1j BDT-2jVH BDT-2jVBF
BDT ZZ: BDT_ljet: BDT_2jet_VH: BDT_2jet_VBE:
* Pry * Pij * Pijp * P
* My om; * Prjp * P2
* KD= * ARy * M * Pra
log(ME,;z,/ © Ay © A,
ME;) © Ang * Ang;
*my * o my
.. + min(ARy) + min(ARy;)
Sensitive to:
VH ggF ggF/VBF VH VBF
31/08/2016 Y. Wu

| ATLAS Prellmmary:, S;‘Lim N
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L 13 Tev, 14.8 b =§fj'm P
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H->ZZ*-2>1ll 13 TeV

1 Cross-section measurement for each production mode

+ A likelihood fit in each region to the BDT distributions, to extract the cross-
section at total phase space

Measured Predicted
I . -
I ggF+be+nH Q(H - ZZ )= 1 80+8 2112 pbl : O-SM,ggF+bBH+rEH ’ B(H —Z7") = 1.31 £ 0.07 pb :
| over - B(H — ZZ*) = 03708 pb: : Tsmyer - B(H — ZZ") = 0.100 £ 0.003 pb |
I ovh - BH — ZZ*) = 001 pb [ osmvH - B(H — ZZ*) = 0.059 + 0.002 pb |
e e e e o o e e e e o e o = e e o e e e o mm
‘_“30 """""" [rerrprrTT [rerrprrrrprT 7] —_ N — .
T I ATLAS Prellmmary ] R
ﬁ o5[ H — ZZ* — 4| —— Obs.: stats. + syst. unc. — 2F ATLAS Preliminary - Best fit 3
h - i . Obs.: stats. unc. only ] * 1 8__H — 77" — 4] —68% CL
L 13 TeV, 14.8 b —— Exp.: stats. + syst. unc. N e 13 TeV. 14.8 i -95% CL
\ T 1'6;_ | * SM _: * . .o
L 44k — 4 <+ Good significance
ATLAS-CONF-2016-079 o : 1 . ep e
D 1.2F i 1 In ggF, sensitivity to
: ' ' 7 VBF, VH, ... limited by
¢ 08 1 data statistics
0.6 E
0.4 :
0.2f ) P
L . T s wwwrell P
T5 2 25 335 4 R B W Y- S
ggH.,.be.,_ﬂHXBR(H_) Zz* ) [pb] GggH+bhH+HHXBR{H - Z7 :l [pb]
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H->ZZ*-2>1ll 13 TeV

1 Coupling measurements In terms of EFT couplings defined in
Higgs characterization model:
. . . 12 T T T LI L L LI T 17T LI I
In terms of LO coupling modifiers: Il aras preiminary _'Obs'ewed' /] ATLAS-CONF-2016-079
3 T T T T l T T T T l T T T T l T T T 3 10:_ H - Zz’ - 4' ‘Ir':_:
| ATLAS Preliminary | ' | e e -~ Expected | 1
L ] 8- P
2_5_7H—>ZZ*—>:H » r KHVV
C 13 TeV, 148 fb ]
of m,, = 125.09 GeV B
: 5 Non-zero
1.5 ] . . .
O 1 Bestii . minimum driven
[ —68%CL ] by data excess
1~ - 95% CL 7 :
- o sM ] seen both in
- . — T ;
0.5? e ] T::'— - A\TLAS Preliminary — Observed :_r' i OVera” reg'on and
- ATLAS-CONF-2016-079 1 S1of Ho2Z 54 /-] in VBF regions
C L ] L | | L L 1 | 1 Il 1 | | Il ] B 13 T‘llev, 14.8 'b Tt Expected "1:‘ .
% 0.5 1 15 2 o a

Kavy ® sin @

No obvious excess from the SM
Constrains similar (or slightly
better) to Run |

o is the mixing angle
between 0* and O
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H>yy 13 TeV

Fiducial cross-section measurements in three regions + 105< m(yy) < 160 GeV

diphoton baseline | VBF enhanced ‘ single lepton
Photons il < 137 or 1.52 <[y < 2.37 DlphOtOﬂ baselme region
4 04 T T LA s e s e
pTI > 0.35 Myy and pT2 >0.25 Myy E 60005 e Daa ATLAS Prellmlnary
Jets - pPT > 30 GBV, |y| <44 = E 5000: ------ g:;cnkjrfubnadckground “:GI_U::eT V. 133 b E
- m;;j > 400GeV, |Ay;;| > 2.8 _ £ 4000- —— Sondl Heerr,m, = 12509 GV
= |A¢y'y,jjl > 2.6 = 3000?
Leptons - - pr > 15GeV e
Il < 2.47 10008 ;
203' o720 130 140 150 160
Y T _:**:g%m”'“ﬂhn o
Fiducial c measured through a likelihood fit to observed § -200L: 113 s —
m(yy) spectrum in each region Mo GeV]
- Signal parametrized via double-sided Crystal Ball VBF enhanced region
- Background modelled by exp. and polynomial functions > e
1G] E . [B):::iground fB]‘F'LAIljS Prdellmlnary
Fiducial region | Measured cross section (fb) SM prediction (fb) ‘g % 7H o fa=0Tan 100" ]
Baseline 432+ 14.9 (stat.) = 4.9 (syst.) | 62.8 34 [NLO + XH] | & 9 T
VBF-enhanced | 4.0+ 1.4(stat.) £ 0.7 (syst.) | 2.04 +£0.13 [NNLOPS + XH] 40 ]
single lepton 1.5+ 0.8 (stat.) £ 0.2 (syst.) | 0.56 +£0.03 [NNLOPS + XH] 20F +:
r e
. — . o1 — T
- Dominated by statistical uncertainty ° 2 ‘H.?TO‘ 120 1% 10 10 1%
. . . . . 2 ' +
- Main systematics: photon reconstruction and calibration, ER SR MMM MMM
. . . ® 110 120 130 140 150 160
fit modelling, jet m,, [GeV]

ATLAS-CONF-2016-067
31/08/2016 Y. Wu 8



H>yy 13 TeV

[ Differential measurement (N, , p}")

Opq [0

Ratio to NNLOPS+XH

60

40

=

Measured for diphoton baseline region*

20

UL DL L DL DL

| ATLAS Preliminary

-+ data, tot. unc. [] syst. unc.
H—yy, Vs =13 TeV, 13.3 "

_le

= |
antik, R=04, p.> 30 GeV]
— Z
N L B ATLAS-CONF-2016-067
____________ n® =m0 1
] L L -:E%

L B B AL B
my, = 125.09 GeV

B N3Lo + xH

B N3LO+JVE + XxH

% STWZ, BLPTW + XH
B GoSam+Sherpa + XH -
B Powheg NNLOPS + XH 1
B NNLOJET + XH ]

== XH=VBF+ VH + ttH |

i

N

jets

doge/ dpY [fo/GeV]

data / prediction

15—
r ATLAS Preliminary my = 125.09 GeV
"¢ data, tot. unc. [] syst. unc. B gg—H NNLOPS + XH;
rH—yy, s =13 TeV, 13.3 " kggsw =1.10
i =+ XH =VBF + VH + ttH |
1 _
0.5 _
' ATLAS-CONF-2016-067 |
- .
O-I----l----T_____'---- iy lmmm by ey ey p gy
T T T T T T LN DL L R L
i |
2 |
1 ; ]
0'. e b1

0 20 40 60 80 10

0 120 140 160 180 200
py’ [GeV]

Slight discrepancy in 0-jet or low pT region; large data statistical error

* In addition to criteria listed on previous page, photon isolation pTcone20/pT<0.05

31/08/2016
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HY>yy 13 TeV

Events passing diphoton baseline selection

egorization and production mode contributions to each category
WH [zH @HtH [HbbH tHjb tWH

ATLAS Simulation Preliminary Hoyy Vs=13 TeV

ttH leptonic — > llepton, = 2jets, b-tagging

ttH hadronic —> = Olepton, = 5jets, b-tagging

— > 2lepton, 70<m(Il)<110 GeV

—> = llepton, cut MET

Harsh cut on MET

50<m(jj)<150 GeV, tight BDT cut
50<m(jj)<150 GeV, loose BDT cut

> 2jets, tight VBF-BDT cut

> 2jets, loose VBF-BDT cut

> 1y with [n|>0.95, pT(yy)>70 GeV
> 1y with |n|>0.95, pT(yy)<70 GeV
= 2y with [n|<0.95, pT(yy)>70 GeV
= 2y with |n[<0.95, pT(yy)<70 GeV

VH dileptons

VH leptonic

VH MET

VH hadronic tight
WH hadronic loose
VBF tight

|
|
|
|
|
|
|
|
|
|
| VBF loose
| ggH fwd hlgh-p_rt
| ggH fwd I(Jw-pTt

gH central high-pTt

UL

ggH central Il:uw-pTt

————— 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Fraction of each signal process per category

31/08/2016 Y. Wu 10



H>yy 13 TeV

Main sensitivity from high-pT ggF
and VBF categories

3

& 200

2]
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—— Signal + Background

-
4
-

ATLAS Preliminary
Vs=13TeV, 133"
Hoyy, m =125.09 GeV

S/B weighted sum of
| event categories

ATLAS-CONF-2016-067

X

110

31/08/2016

¢
140 150 160
m,, [GeV]

ATLAS-CONF-2016-067

I B B B L B L L B B
| ATLAS Preliminary —e— Total
| {s=13TeV, 133"
TR S . . M, =025 55
h | . b, =023 21
Hogr e h, =224 Ton
n — ,, =050 122
Meuna [ e Meuna = 0-85 Tz
Fron- N }T._I Cl ] .L.LFf“".'1|=.1-.1T.ig|J;?.
-2 -1 0 1 2 3 4 5

Signal Strength

Total observed (expected) detection
significance of H->yy is about 4.7 (5.4) &

* JHEP 08 (2016) 045

Y. Wu
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H=>vy + H>ZZ*->llll Combination at 13 TeV

ATLAS Preliminary m,=125.09 GeV ATLAS Preliminary1 m,=125.09 1GeV
Vs=13 TeV, 13.3 fb (yy), 14.8 o' (22) Vs=13 TeV, 13.3 fb™ (yy), 14.8 b (Z2)
-8~ Observed 68% CL | SM Prediction -e- Observed 68% CL {1 SM Prediction
(c-B 9gF Sggr __» =
(0 Bl I i Observed local

_ GVBF —_—— . o e
(c B - significance for total

o | >/c — Higgs production: 10c,

- - : for VBF-only: 4o
@ Bhanes . 5 —e—— Combined Fit o
T Individual "
(© Blipsep —— - assume SM Br
. o XB |
(-B) ol Otop ———
* Lvovv v v v by by by [NRRY FRRTU ARRRE ARRTY AN TNA SRR NN NNERE ERRRUANEE,
-4 -2 0 2 4 6 5 4-3-2-10 12 3 45
irey 6 B B B
£ 100l ATLAS Preliminary — Opyy My =12500GeV ]
;F i AH=yy 0 H—ZZ*—4l QCD scale uncertainty 7
bg-_ 80_— ¢ comb. data syst. unc. mm Tot. uncert. (scale ® PDF+a) B

ATLAS-CONF-2016-081

Combined cross-section agrees

601 better with prediction

0]
Total unc. ~ 18%

20}

(s=7TeV, 45fb" 1 I . .

i 8TV 203 1" 1 Similar to the precision at 8 TeV
0_‘ Vs=13TeV, 13.3fb™ (yy), 14.8 6" (ZZ*) ]
7I - EIS - é '”1|0““1I1””1|2' - 1|3

31/08/2016 Vs [TeV] 12



ttH with multilepton final state 13 TeV

[ Search for ttH production in multilepton final states

+* Relatively less background

** Mainly sensitive to ttH with H>WW?* or H> 1t

¢ Four sub-channels defined depending on number of e or u & hadronic t decays
¢ 2 leptons (e or u) with same charge and no hadronic 1 (2£07,44)
¢ 2 leptons (e or u) with same charge and 1 hadronic t (2€1t,4)
+* 3 leptons (3¢), 4 leptons (44)
¢ in each channel, two or more jets (or b-jets) are required

ATLAS Simulation Preliminary B QMisReco [_]Other
Vs =13 TeV [ENon-prompt [ Diboson
Background composition Ottzryy Ouw .
Backgrounds:
201,54 €€ 2¢60Thag €U 26079 UM

»

Prompt Lepton —ttV, WZ, ...

MC simulation, checked in validation regions

ATLAS-CONF-2016-058

261 Thag 3¢ 4

31/08/2016 Y. Wu 13

Non-prompt Lepton — jet faking leptons or 7j44
Charge Mis-ID — mainly in electron channels

Data-driven



Events

ttH with multilepton final state 13 TeV

Best-fit L, 2.5 £ 0.7 (stat) ’_“(1):; (syst)
- Main systematic uncertainty: fake backgrounds, jets, pile-up
- Observed (expected) significance to non-ttH hypothesisis 2.2 (1.3) o
comparable to Run 1 significance in the same final state: 1.8 (0.9) c
Phys. Lett. B 749 (2015) 519

Observed (expected) Upper limit on L, (95% CL) is 4.9 (2.3) ATLAS.CONF-2016.058
T T T T T T T l T T T T I T T T
sop reliminar +Da1a -”H (u=2.5) ] _ -1
ATLAS Proliirery R etz f ATLAS Prehmmary Vs=13 TeV, 13.21b
801 [ Diboson [ Non-prompt ] — —_ tot stat , syst
POSt Flt Il QMisReco []other tot. stat. ( y )
70r /7 Total Uncertainty 1 2¢ 0Thaq =] 4.0 t12_1, (j 12 , j g)
p ]
241 36 (+28 +23
Thad F——=- 6.2 t27 (t23, t14)
17 ;412 412
3| r-erd 0.5 f1_5 (540 543)
ac i < 2.2 (68% CL)
r-— === =" .| . m. .o T T T ... A
| Icombination oo 2.5 +11$ (:g)';, f&;)
I i | ! T AR B
27, 27,
o?;'&'ofee O?;’ﬂo'% L _____ 0_ - _5_ - _12 — _1§ - _22 — _2_5 -

best fit e for m =125 GeV

31/08/2016 Y. Wu 14



Differential H>WW-2>evuv measurement 8 TeV

- en channel only (avoids DY
background)

o 4 1
- “unfold ]Vjetr p’{" ’ p’II-"II |yll | :
sensitive to high-order QCD

Category Niet=0 Njer=1 Njet 22
Two isolated leptons (£ =e,p) with (mposne charge
, 1 7T 22 Gev, pS“ €dS15 Gev
Preselection e > 10 GeV | . ]
et
[ 20 Gey : Fiducial
|
Background rejection - - wb»j;= (. J\T-jet: N

AP(LE, pis) > 1.57  max(m’) > 50 GeV

correction, resummation, PDF T > 30 GeV Mer <mz =25 GeV  mee <mz =25 GeV
VBF veto - e e e mj; <600 GeV or Ay;;j<3.6
- Only ggF H>WW considered as  w—ww' = over : mee <55 GeV |
. topology Adep<1.8
signal | 85GV<mp<125Gey |
» 1800¢ 2 1600 =
S - ATLAS - Data %% SM bkg (sys @ stat) 5 - ATLAS -9 Data %4 SM bkg (sys @ stat)
m 16005 \s=8TeV, 203 1" EEE:.H =mrw @ 1400 \s = 8 TeV, 20.3 " 5225“ =xﬂw
1400 — H-WW*—evuv COw+et  EWZY C HoWW*Sevuy Cw+jet  @A2ZY
- [ Non-ggF H [ Multjiet 1200[— [ Non-ggF H [ Multijet
1200 =
- =

arXiv:1604.029

IIIIII\II‘IIgIIIIIIIlIII'III

Data - Bkg

-~ Data-Bkg == SM bkg (sys @ stat)
H

-~ Data-Bkg % SM bkg (sys® stat)

[ 99F H

31/08/2016

[20,60] [60,300]
et P."r' [GeV]
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g ATLAS gg—)H L GL)-'IC-J(S * ANNLOF‘S+F‘YB
2, 30¢ ~+4- data, tot. unc. sys.unc. Oiicxs X Mues avcanionrs
2 u GLHC-XS X SHERPA 211
e b B Betw
= 25 Vs=8TeV, 203"
'8 20k H—=WW —evuv
- . -
[72]
o
S 4
=z
z
e 2
2 et e |
S o0
o =0 =1 =2
N
et
) 50
= 45k ATLAS gg—H B O e s X Anuorsieva 3
= _+_ dﬂ[ﬂ, tot. unc. Sys. unc. = |:rLHC")(E x AMG'»5_aMC@NLO-‘-F'YB
> c x A,
o 40F LHC-XS SHERPA 2.1.1
;.E 35E {s=8TeV, 203"
5 30 H—-WW*—evuv
25F
20F
15} Il
10k
5F I =) -
w
&
=
2 A gy W gy |
=]
2 0
o« [00,08] [0.6,12] [1.2,2.5]
v |

Differential evuv measurement 8 TeV
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do,, /dp! [fb/GeV]

107

102F

-

Ratio to NNLOPS

10

i1
doy, /dp!" [fb/GeV]

107F

10—2 L

Ratio to NNLOPS

] ATLAS gg—H B Ocxs X Q‘IMNLOPS+PY’8
% © *
data, tot. 3 3 3 LHG-XS G5_aMC@NLO+PY8
+ “ Hne Sys-une L] GLH(}XS X %HERPAZJ.'I
{s=8TeV, 20.3f"
2 H-WW —evuv
| I -
o .
i’— = il W
[0,20] [20,60] [60,300]
p [GeV]
ATLAS gg—H B Sicus X Auworseve 1
_+_ daia, tot. unc SYS. UNC. = GLHl;)(.S X AMGS_aMC@NLO\‘-PYB b
Siicxe X Asuerraz 11 )
# Stwz
L (s=8TeV, 203" 4
-4++-4* H—=WW*—evuv
-
ol B
arXiv:1604.02997v1 E
}+t*‘+i*—l‘fl*g

[0,30] [30,60]

Y. Wu

[60,300]

Py [GeV]

Dominant uncertainty:
Data statistics, Background
modelling

Measurement compared to
different predictions with
kinematics models ranging
from NLO+PS to NNLO+PS or
even parton-level NNLO+NNLL
calculations (BLPTW, STW?Z)

Slight difference in first bin of
Njet and Rapidity(ll), however
measurement suffer from
larger error
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Summary

(] Reported recent Higgs “re-discovery” in H>ZZ*->4l and H>yy
channels with 13 TeV data at ATLAS, significant signal has been
established (>10c local significance)

(J Reported recent search to detect ttH signature in multilepton and
diphoton final state (about 2.2 from multilepton channel)

1 Reported (differential) cross-section measurements in diboson
channels (13 TeV H>ZZ*->4l and H>yy, 8 TeV H>WW*2evpuv);
13 TeV precision already comparable to Run |

] Stay tuned for more (precision) results with full 2016 data and
beyond!



Backup

31/08/2016

Y. Wu
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ATLAS Detector

Inner tracking |n|<2.5, EM calo |n|<3.2,
Hadronic calo |n|<4.9, Muon system |n|<2.7 ~ #4m

25m

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Toroid magnets LAr eleciromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor tracker

June 14 Y. Wu 19



H->ZZ*->4| Event Selection

LEPTONS AND JETS REQUIREMENTS

ELECTRONS
Loose Likelihood quality electrons with hit in innermost layer, ET > 7 GeV and || < 2.47

Muons
Loose identification || < 2.7
Calo-tagged muons with pr > 15 GeV and || < 0.1
Combined, stand-alone (with ID hits if available) and segment tagged muons with py > 5 GeV

JeTS
anti-k; jets with pr > 30 GeV, || < 4.5 and passing pile-up jet rejection requirements

EVENT SELECTION

QuabrupLET  Require at least one quadruplet of leptons consisting of two pairs of same flavour
SELECTION opposite-charge leptons fulfilling the following requirements:

pr thresholds for three leading leptons in the quadruplet - 20, 15 and 10 GeV

Maximum of one calo-tagged or standalone muon per quadruplet

Select best quadruplet to be the one with the (sub)leading dilepton mass

(second) closest the Z mass

Leading dilepton mass requirement: 50 GeV < mj; < 106 GeV

Sub-leading dilepton mass requirement: 12 < m34 < 115 GeV

Remove quadruplet if alternative same-flavour opposite-charge dilepton gives my < 5 GeV

AR(¢,£") > 0.10 (0.20) for all same(different)-flavour leptons in the quadruplet

IsoLaTiON Contribution from the other leptons of the quadruplet is subtracted
Muon track isolation (AR < 0.30): Zpr/pr < 0.15
Muon calorimeter isolation (AR = 0.20): ZET1/pt < 0.30
Electron track isolation (AR < 0.20) : ZE7/ET < 0.15
Electron calorimeter isolation (AR = 0.20) : ZE1/ETt < 0.20

ImpacT Apply impact parameter significance cut to all leptons of the quadruplet.
PARAMETER For electrons : |dy/o g, < 5
SieniFicance  For muons : |dp/og,| < 3

VERTEX Require a common vertex for the leptons
SELECTION x?/ndof < 6 for 44 and < 9 for others.

June 14 Y. Wu



H->ZZ*->4] Yield Table

Table 9: The number of events expected and observed for a my=125 GeV hypothesis for the four-lepton final states.
The second column gives the expected signal without any cut on my4,. The other columns give for the 118-129 GeV
mass range the number of expected signal events, the number of expected ZZ* and other background events, and
the signal-to-background ratio (S/B), together with the number of observed events, for 14.8 fb~! at /s = 13 TeV.

Full uncertainties are provided.

Final State Signal Signal 7 Z + jets, tt S/B Expected Observed
full mass range nV,vvv, Wz

4u 8.8+0.6 82+0.6 3.11+£030 031004 24 11.6=+0.7 16
2e2u 6.1 +04 55+04 2.19+0.21 030+0.04 22 80+04 12
2u2e 48+04 44+04 139+0.16 0.47+0.05 23 62+04 10
4e 48+0.5 42+04 146+0.18 0.46=+0.05 22 6.1+04 6
Total 245+ 1.8 223+1.6 82+0.38 1.54+0.18 23 320+1.8 44
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H->yy Systematic Table

Table 4: The uncertainties, expressed in percent, on the cross sections measured in the baseline, VBF-enhanced,
single-lepton and hi gh-E;f'is" fiducial regions. The fit systematic uncertainty contains the effect of the photon energy
scale and resolution, the impact of the background modelling on the signal yield and the uncertainty on the fitted
peak position from the chosen background parameterisation.

bkg ggH fwd low-p

IuminositT;r //// %
" s Yl
ggH jet bin (2)) Wk
: %7

underlying event
bkg ggH centr. Iow-pn //1,/ .
bkg ggH fwd high-pTl ////://
= Y
/]

s =13 TeV, 13.3 f5' — Pull_ -
H 's © Prefit Impact onjt

9gH  m,=12509GeV /.. postfit Impact onfi

ol b b b P b Py

15 <1 05 0 05 1 15
@ -0,)/r0

Source Uncertainty on fiducial cross section (%)

Baseline | VBF-enhanced | single-lepton
Fit (stat.) 34.5 350 52.9
Fit (syst.) 9.0 11.1 9.3 A[UAfL
Photon efficiency 4.4 4.4 4.4 ATLAS 0.2 0.1 0 0.1 0.2 ot
Jet Cl’lel‘gy scale,/reSDlution - 9.4 - Preliminary LN I L LB
Lepton selection - - 0.8 _ P
Pileup 1.1 2.0 1.4 EM energy resolution W //?// /
Theoretical modelling 43 9.4 8.4 ggH pert. QCD = /j”%

. : . : 5 7

Luminosity 2.9 29 29 ¥ id efficiency Z //Y.//// -

%

EM energy scale
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H->yy Category m(yy) Plots and Contributions

L B L B e s s s s e

Events / GeV

Events / GeV

Events / GeV
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2000 e Data ATLAS Preliminary 8 F e Data ATLAS Preliminary 1
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3000 = 1008 E VH hadronic tight 66 6.7 23 026 086 1.0
r ] 80k = VH E;.“"" 20 24 0.81 0.26 050 0.18
2000¢ B 60 E VH one-lepton 8 1.0 057 037 053 0.12
1000:_ 3 40F VH dilepton 3 04 030 043 043 0.07
: ] 20f E 17H hadronic 72 81 18 018 060 -0.23
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ttH Systematic Table

Table 6: Summary of the effects of the systematic uncertainties on y. Due to correlations between the different
sources of uncertainties, the total systematic uncertainty can be different from the sum in quadrature of the individual
sources. The impact of the systematic uncertainties is evaluated after the fit described in Section 8.

Uncertainty Source Ap
Non-prompt leptons and charge misreconstruction +0.56 —0.64
Jet-vertex association, pileup modeling +0.48 -0.36
1tW modeling +0.29 -0.31
ttH modeling +0.31 -0.15
Jet energy scale and resolution +0.22 -0.18
ttZ modeling +0.19 -0.19
Luminosity +0.19 -0.15
Diboson modeling +0.15 -0.14
Jet flavor tagging +0.15 -0.12
Light lepton (e, ) and 1,54 ID, isolation, trigger +0.12 -0.10
Other background modeling +0.11 -0.11
Total systematic uncertainty +1.1 -0.9
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ttH Yield Table & Upper Limits

Table 7: Expected and observed yields in the six signal region categories in 13.2 fb~! of data at v/s = 13 TeV.
Uncertainties in the background expectations due to systematic effects and MC statistics are shown. “Other”
backgrounds include tZ, tWZ, tHgb, tHW, tttt, ttWW, and triboson production. Values are obtained pre-fit, i.e.,
using the initial values of background systematic uncertainty nuisance parameters.

200Thag ee  200Tpaa e 200Thag iyt 201 Thag 3¢ 4
1w 29+0.7 91+25 6.6+ 1.6 08+04 6.1+13 —
tH(Z]y*") 1.55+£0.29 43+09 26 +£0.6 1.6+ 0.4 11.5+£2.0 1.12 +£0.20
Diboson 038+025 25=x14 08+05 020+0.15 1.8+ 1.0 0.04+0.04
Non-prompt leptons 12+6 12+5 8.7+34 1.3+1.2 20+6 0.18 £0.10
Charge misreconstruction 6.9+ 1.3 7117 — 0.24 + 0.03 — —
Other 081 +022 22x06 14+04 063+0.15 33+08 0.12 £0.05
Total background 256 38x6 204 48+ 14 43 +7 1.46 £0.25
ttH (SM) 20+05 48+ 1.0 29+06  143+031  62x1.1 059+0.10
Data 26 59 31 14 46 0

June 14
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ATLAS Preliminary Vs=13 TeV, 13.21b"
260Thag ™ Expected (1=0) * 1o
""" Expected (u=0) + 26
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95% CL limit on “uH atm =125 GeV

Figure 6: Upper limits on the t7H signal strength ;75 at 95% CL by final state category and combined. The SM
prediction is p,7 = 1. The median upper limit that would be set in the presence of a SM 7 H signal (u = 1) is also
shown.
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H->WW Yield Table & MC Precision

Table 6: Predicted and observed event yields in the three signal regions. Predicted numbers are given with their
statistical (first) and systematic (second) uncertainties evaluated as described in Section 8. The “Non-ggF H” row
includes the contributions from VBF and VH with H— WW* and from H — 7. The total background in the
third-from-last row is the sum of these and of all other backgrounds.

Njel=0 Njet=1 Njetz2

Non-ggF H 22+402+02 7.1+£03+£05 82+03+04
ww 686+ 19+ 43 153+ 7+ 13 44+ 1+ 11
Other VV 88+ 3+ 12 44+ 3+ 11 21.6+16+33
Top 602+1.5+38 111.2+27+82 164+ 2+ 16
Zly* 87+23+23 62+13+22 73x15+22
W+jets 90+ 2+ 21 335+20+76 169+12+39
Multijet 1.3£05+05 07+02+03 09+0.1+04
Total background 936+ 21 + 41 355+ 9+ 12 263+ 6+ 9
Observed 1107 414 301

Observed — background 171+ 39+ 41 59+ 22+ 12 38+ 18+ 9
geF H 1259+04+57 434+02+1.7 176+02+14

June 14

Table 10: Summary of the ggF predictions used in comparison with the measured fiducial cross sections. The right
column states the accuracy of each prediction in QCD.

Total cross-section predictions
LHC-XS [71] NNLO+NNLL

Differential cross-section predictions

JetVHeto [72-74] NNLO+NNLL
ST [75] NNLO

BLPTW [66] NNLO+NNLL
STWZ [76] NNLO+NNLL/

N3LO+NNLL+LL_R [77] N*LO+NNLL+LL_R

Monte Carlo event generators
Pownec NNLOPS [78, 79] NNLOsp;, NLO:1;
Suerea 2.1.1 [37, 80-83] H+0,1,2jets @NLO
MG5_aMC@NLO [67, 84,85] H+0,1,2 jets @NLO

Y. Wu
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H->WW Systematic Table

Table 11: Relative uncertainties (in %) in the measured total fiducial cross secti Niet 0 1 >2
Source Ao /ofid o] dor/dNjeq [1b] 190 82 88
L Statistical uncertainty 45 35 50
SR data statistical 17 Total uncertainty 6.8 40 59
MC statistical 3.0 Predicted do/dNi [fb] (NNLOPS) 147 7.0 3.4
CR data statistical 9.9 Uncertainty in prediction 1.8 09 06
Exp. JER 4.9 —
Exp. JES 21 SR data_stz.ltlstlcal 20% 38% 54%
Exp. b-tag 33 MC St&tlSth?.l ' 4% 7% 9%
Exp. leptons 55 CR data statistical 12% 18% 14%
miss Exp. JER 5% 4% 1%
EXp. pr 2.2 Exp. JES 1% 10% 6%
Exp. other 4.2 Exp. b-tag 1% 4% 8%
Theory (WW) 14 Exp. leptons 6% 6% 6%
Theory (top) 7.1 Exp. pliiss 2% 4% 4%
Theory (other backgrounds) 5.6 Exp. other 5% 4% 3%
Theory (signal) 2.5 Theory (WW) 24% 15% 5%
Detector corrections 0.4 Theory (top) 2% 4% 24%
Theory (other backgrounds) 5% 6% 21%
Total 27 Theory (signal) 4% 6% 3%
Detector corrections <1% 4% 5%
Total uncertainty 36% 48% 67%
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