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Outline

® Higgs physics in diboson final states

e Overview of the (so far) ATLAS Run-2 measurements in WW?*ZZ*/yy
decay channels

® Higgs boson cross-sections, which?
e Fiducial inclusive and Differential
e [otal (full phase-space)
e Production-mode cross-section

TaE WiG6S TIELD
e Other properties measurements: B SieuRe -
e Couplings
e \ass

e Width and Spin/Parity

e Remarks and Conclusions
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Higgs boson measurements in diboson final states

® Despite the low branching fraction of H & WW*(—Iviv)/ZZ*/yy,

o g . T T 2
. Re) 5 v = s
these decays channels have a clean signature and constitute a s N
. . = TaT P =k
powerful tool for many Higgs boson properties measurements 210 : VIV
< + — 3
S e*v eV,
2L
e T Wy ey ]| G e SE0 1 B
S & :TL;; P = EC TV BN s e bR L) T 38 2 1600} Ho o, o< = o YY
QST ] By osnnm | | B Geovsent B 10°% / /'
; N 13 TeV, 36.1 fb o Unceiamty +jets, 1, tt+V, 1 ] LI>J 1200; EYZ?//;” - ‘L(?‘U. .
< 40 L a 400[— 7: 7 W Higgs v
b0 Wz oa D Howy = Howw | o/
30] E S/B ~ 4% 1 o /
20 S 100— - 200% 10‘5 ? //,/ | —e u e
: ; ) v = Vo,
10 N g 20 % ZOOf B 10-6 L 1'1 1 | S R L |1 1
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0 L : M., [GeV]
80 90 100 110120130 140 150 160 170 O — H
FSR-corrected B0 700 150 200 250 MH = 12509 Gev
m; [GeV]
m; [GeV]
Fully reconstructed mass - clean peak Larger BR ~1.5%  Run-Il advantages for measurements
Clean signature @13TeV OH,gev X 2.3

High background 36.1 fo-! (2015+2016) analysed
Plenty of new ATLAS results already published:

HoZZ*—> 40 H-vy H-WW?* Combined()
ATLAS-CONF-2017-047

- i JHEP10(2017)132 arXiv:1802.04146 ATLAS-CONF-2018-004
Cross-sections ( ) ATLAS-CONF-2018-002
Couplings JHEP03(2018)095 arXiv:1802.04146 —— ATLAS-CONF-2017-047
Mass —— _— ——— ATLAS-CONF-2017-046
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) currently combining only 41 and yy channels



Higgs boson cross-section measurements

In Run-2 different Higgs boson cross-section measurements considered:
¢ Inclusive fiducial and differential cross-section

e Measured in fiducial volume
- Avoid model-dependent extrapolations — only correct for inefficiencies & reconstruction effects

N, s N
Gi fid = ’ 7Ci =
’ LxC, N

- Preserve measured results over years to allow comparison to future new theories

1,reco

Ci = 50%(75%) for H4l(Hyy)

i,part

e |nclusive: No attempt to separate Higgs production/decay modes = compare with best available
predictions in the detector phase space

e Differential: test Higgs boson kinematics and modelling with ptH, |yH|, pTj1, Njet,...

also sensitive to BSM physics

e Total cross-section: extrapolate to full phase space and combine channels to improve precision
e Production mode cross-section (Simplified Template cross section framework™ (STXS)):

- simple fiducial region definitions matching specific experimental categories (ggF Ojets, etc..)
- reduce theoretical uncertainties

(*) LHC Higgs X-Sec WG: : 4 [arXiv:1610.07922]
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H-WW*—ev LIV - An alysi G  ATLAS-CONF-2018-004

Most recent result!

Aﬂa/yS/S Sffafegy in brief Not yet combined with others

e Signature: two prompt isolated leptons and missing momentum

e Events split in 3 major Signal Regions on Njets():
- Njet = 0 and Njet = 1 (ggF dominated)

~ mr used as discriminant b-jet veto in all categories
- BDT used as discriminant
§1200;ﬁ7’k':,*s Prelilrvnirjaory RS- é § 450§ATLA:S Preliminary R é
* Irreducible backgrounds normalised to data via CRs i Sh | g T S
e non-resonant WW, ttbar and Z—=1t o =
e Mis-identified leptons (~10% of total bkg) fully data-driven j‘é‘:"gR; ot
(*) complete event selection table in backup P e
e Simultaneous SRs and CR max likelihood fit |99F= 6.30 (exp. 5'2°)| VBF: 1.90 (exp. 2.70)
e 16 fits regions defined for Njet = 1: 3 200 T T
- Different bkg composition o o} ATLASPrlmnay ™ 1y e
g 2] i ‘ _J?_ m v c n imi Data Hygr 3
- Enhance SenS|t|V|ty § 1400 {5 =13 TeV,36.1 b e % 105I§_ATLA*S Preliminary +HQQF EMW ]
b—lead * 12001 \ E,m E?ﬁij/za\/e;z:,f:ftzsz-ww Wz E
suv—teading 1000F Higgs 4€S= ev, Jb. [ Mis-ld B -
[2 >< mee] ° [2 X pT ] ® [eu / ‘Lle] 800; . ] 10 ; . 2\ Uncertainty == Hygex30 E
600} \ NjEtS <1 10° N]etS =2 =
400F 1 B e E
e 4 BDT bins for VBF enriched category 200¢ 1P
e S(VBF)/B ~0.6 in the last bin g Jpeememm————mttae
Q c 10
2 2000
= extract both ggF and VBF cross-sections —_—
. . Ofs
e Other production/decays modes fixed to SM d BOT score
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H—->WW~*—evpuyv - Results

Signal strength and cross-section results: 68% and 95% CL contours

20— _

Run-2 Run-1 E IoEE T s e
= L5F % Bestfit - T
per | = 1.2170 2 (stat)*0 18 (sys.) =[1.217022 Moo =1.0270% ot
_ +0.30 0 (n+0.37 @ o
UVBE | = 0'62—0.28 (stat.) = 0.22(sys.)|= 0‘62—0.36 Uy = 1273?2? ; | 1o compatible
S ™7 with SM
| predictions
ggF: Precision improved by 36% ! ;
VBF: Limited due higher pile-up = higher bkg R SOt |
OggF * Br-ww* [pb]
+1.3 +1.9 +2.3 N
TooF * Byww+ = 12.675(stat.)”¢(sys.) pb = 12.675| pb
ovpr - Byww+ = O. SO+8 ;i(stat ) + 0.18(sys.) pb = 0. 50*8 28 pb. Source e (%] Sovme (%]
Data statistics 3 =40
CR statistics +8 +9
. i . . VIC statist] . 53
Uncertainties on the cross-sections measurement. Mhooretical moortotie 18 1ol
Significant uncertainties from Theory: e = ity

® ~5% on O(ggr) due to WW background modelling ww +5 12

Top- k +4 +4

* 15% on ower) due to QCD scale on ggF in VBF phase Space [Fxperimental ancertamtios  £9 s
b-tagging +5 +6

. . . . ) . Pile-up +5 +2
Limited MC statistics important especially in VBF Jet +3 +4
oggF) dominated by systematics (exp~theo) gocon eptons 0 T
Luminosity +2 +3

preCISlon of the measurements > u

M. Trovatelli DISZO18 Kobe 16-20 Apr 2018 6



H—/Z/Z*—40 inclusive and differential cross-section

JHEP10(2017)132

60 LI L L I L L L LI LRI L —e— Data

E - ATLAS ¢ Daa ATLAS Preliminary [ Syst. uncertainties
0 50FH-ZZ >4 Emeeesn - H— 22" - 4l M LHCXSWG goH 8N'LO + X
S 13 TeV, 36.1 fbo! I Background Ziets, ff, ti+V, VWV ] » A HRes 2.3, N°LO+N°LL + XH
7)) B T4 Uncertainty ] 13 TeV, 361 fb ¢ MG5 FxFx + XH
g 40 - . . . 4+  Powheg NNLOPS + XH
b Signal ] Fiducial
B eventS T b= r b= ] L] L] L u
30|~ . S 18 S 4s 8lo Combined inclusive fiducial xsec:
B © L O o
oo 161 4 80 +0.25
: af " o $T°‘a' xsoo| |0 acom = 3.62%0.50(star) % (sys) fb
10F | 121 2 == PP —
: U @. 25 50 A+ O-ﬁd,SM _2'91i0'13fb
0 I :_ 40 o = n
80 90 100 110 120 130 140 150 160 170 08¢ - Z + ! ~15% precision
mFSR-corrected [Ga\/ 0.6 o 1.5 - 30 )
X e 04l : 20 Good agreement with

Fit m4l for each decay channel (right) .t

. . AN 05 10 LHCXSWG prediction
or differential distributions (below)

- (1.30 difference in mixed channels)

= [} o = (] = = a
R 1§ 5 ¢
to extract Ns; « < #4828
Signal 33 S
o <
=
[8Y]
H test perturbative QCD Njets—> test modelling of radiations at high pT,
TH—> 1esl perturpative — eys
P P ly4£l—> test gluon PDFs sensitive to prod modes
T T T T T T T § : ATLAé F:reiim'ine'iry' I '—'0—' I;)atla T : 3 3 ! ' D T
[y T T = - e —
C . — — — [ ATLAS Preliminar ata _
%) 0.14— ATLAS ¢ Data —] —_ - H—>ZZ" - 41 [ ] syst. uncertainties - = - W 77 s y [ Syst. uncertainties ]
Q) - HoZZr >4 [ Syst. uncertainties . = C 13TeV,36.11b" L HRes k= 1.1, +XH 7 o o5 p B NNLOPS £ = 1.1. +XH ]
S .42 13TeV,36.1 b I VIG5 FxFx K =1.47,4XH ] 5 - NNLOPS i = 1.1, +XH N —13TeV, 36.1 fb =14, + .
= - NNLOPS K'=1.1, +XH . B ‘E I MGS FxFx k = 1.47, +XH ] - - MG5 FxFxk =1.47,+XH
A | antatul it - o C NN XH = VBF+WH+ZH#ttH+bbH | o~ SN XH = VBF+WH+ZH+tH+bbH |
Q, T SNNNE XH = VBF+WH-+ZH-+ttH+bbH - - p-value NNLOPS = 65% ] C ]
KS) N p-value NNLOPS =25% | 3 e MG FxPx - 66% - 7 p-value NNLOPS =33% 1
g 008 p-value MG5 FxFx = 42% - prvalie XX =Po% 1.5 I p-value MG5 FxFx = 55% —
C o ] C p-value HRes = 64% n C ]
0.06— p-value HRes = 21% 7 2—_| , I ] C ]
0.04 —l —] C 1l ] - . - .
- l* ] 1 | —_ - ﬂf] ]
0.021— I+A |+ | — - Ao ] 0.5~ ml. [p ]
0: Ll it Lt A LA R S :ﬁ-\-d. L TN . 0 RN \-\\\\\\&\“\“\\\W\_\\ AASSRRVRNY “t\ ARLRRRE S v ‘LL o 0:_\\ NN \\\\i\\<§:<< .. ‘\‘\{' cce -< \ ,\\;
> - _ > - — T
0] 2. . I — 0] 2 — o ol n
E 15 I E 150 | - 2
£ L T I ******************************* — £ 1—I ————— | ————————————————————— | 7777777777777777777777 — '(:t, 15 1 I I
@ [\ — -t e e —
S osf - a o5 . a  osk _
0 60 80 120 200 350 ' . ! X . . .
0 0.5 1 15 2 25
[GeV] ] 0 1 2 =
T 41 4 jets
] ]
Overall good theoretical desc on of data. Precision statistically limited
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arXiv:1802.04146

H—vYy inclusive and differential cross-section

Fit to myy distribution to extract Nsignai: 1) inclusively in production mode 2) in each production mode-enhanced
region or differential distribution

gH WMVBF wH lzd EBooz¢ BBt [ ooH tHjb tHW T T T T T T T T T T

. _ | ATLAS 8
ATLAS Simulation H—yy, m =12509 GeV .
7 My Diphoton fiducial || H—>77, Vs =13 TeV, 36.1 fo §
—4- Data, tot. unc. Syst. unc.
Diphoton fiducial L

. VBF-enhanced v
xsections g

VBF-enhanced

N lepton 21

N =1

lepton =

% 95% C.L.

m,, = 125.09 GeV

N°LO + XH
gg—H default MC + XH
Powheg NNLOPS + XH |

XH = VBF+VH+{tH+bbH

. il
High E.Tss High E1n_1iss =

% 95% C.L.

| m
ttH-enhanced 95% C.L.
0O 01 02 03 04 05 06 07 08 0.9 1 I [+ |

Fraction of Signal Process / Fiducial Region (particle level) 2><1I0‘1I — '; é \,'3 ‘;éé' ”1|0 2'0 3'0 — '1'02
Oyq [fP]

ttH-enhanced

Differential and double differential measurements

L L D I B B
ATLAS H—yy, (s=13TeV, 36.1fb™]

;‘ I - F T T T T T T ]
@ L = [ ATLAS = gg—H default MC + XH ] . . .
% 156 -+ Data, tot. unc. [ Syst e § 10 gH—yy, Is=13TeV, 36.1 fo” E“4 XH = VBF+VH+ttH+bbH E | nC|US|Ve fIdUCIal XSGC
s % = gg9—H default MC + XH 2 - - Data, tot. unc. Syst. unc. doubl ]
: 1 i oupie- ] —
° o HRes 23+ X T 1| io =551 9(stat) = 4(exp) £ 0.1(theo
g | RadISH+NNLOJET + XH 1 _T_ . differential fid comb ( ) ( p) ( )fb
“ 0 ==t XH = VBF+VH+ttH+ I T 1 —
1071 - XH = VBF+VH+ttH+bbH el e ] O sy = 64 + 2]%
LS : = ] ~18% precision
102g | F T EE T e e ——+ P | b b i =
107° 3 : R , ; ‘ ..... !
. 4T Overall good theoretical
x + 2 ——
+ O Py 4 u [
g I = e v NS S AR description of data.
= 3 15 Togp F075 535, 040 06y 0015, 00,55, 709 10020 0.5, 205 0054
E “q—) vy - - - - - L]
: g Pl 1GeV) Precision statistically limited
5 0 °
g o 50 100 150 200 250 300 350 % Ny =0 Ny = 1 N =2 N _ =3

—- jets = == = -
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Total Higgs boson cross-section: H4l,

Hyy combination

ATLAS-CONF- 2017 047

e Combining H—4£ and H—yy measurements to improve precision on Higgs boson cross-section()

e Combination is done in total phase space
e more model-dependent

Acceptance correction

sig : :
o = N, fiducial total phase space from MC:
" IIB-A A(H—yy) ~50%, A(H—4l) ~ 42%
F* 7~
e assumed SM branching fractions: Be(H—yy) = 0.23% , Be(H—=ZZ2*—4£) = 0.013%
E ool ATLAS Proiminay oy, mommen 2 amdsromier oo
T [ AHoyy 0 H-ZZ*4l QCD scale uncertainty I N 7T (5=13Tev, 861" Hospy B
b& 80_— ¢ combined data mm Total uncertainty (scale ® PDF+a) R o Hoyredbozzsa . )
systematic uncertainty TOtaI i m,, = 125.09 GeV e
[ ti L Single signal strength fit 51 .
601 cross-section = for all the production 4
i ] and decay modes
40 * 3
- [ I oXB :
20% ] — 1
i (s=7TeV, 45fb"
- é: 8 T:V, 20.3 fb (G X B)SM
or s=13TeV, 36.1 b ]
78 9 0 11 12 13 _ +0.06 +0.06
5 eV 1 =1.09+0.09(star )% (exp )% (th.)

Combined measurement in agreement with SM prediction

Decay channel

Total cross section (pp — H + X)

Vs =7TeV V5 =8TeV Vs =13TeV
H — vy 3571, pb 30.57.7 pb 47.975 ¢ pb
H— ZZ* — Al 33775 pb 372 pb 68 0F1l4 pb
Combination 34 410 (stat.) T3 (syst.) pb  33.3723 (stat.) 715 (syst.) pb  57.01%7 (stat.) 159 (syst.) pb
SM prediction [8] 55.673% pb

192j:09pb

245:1:11pb

M. Trovatelli
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OH->WW will be added in a later step



Total Higgs boson cross-section: H4l, Hyy combination

ATLAS-CONF-2018-002

Differential dlstrlbutlons nggs observables

2.2¢ T T

do/d|y"| [pb]

Theory/Data

60

501

40

30 :

20

ATLAS Prehmmary :
F H=2ZZ H— vy
13 TeV, 36.1 b

¢ Co

H— ZZ — 4l
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b H—yy

NNLOPS (@N°LO) + XH ]
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1o;|yH 3
I e s
1.6 ‘ ‘ ‘ —
141 -
1.2+ —
1-7”+ ”””””” * 7777777777 +T 7777777 o 7; 7777777777777777777777 ]
0.8 |
0.6 —
041 ) ) . . . ]
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Differential distributions: Jets observables

> ¥ H 724
3 o ATLAS Prellmlnary +  Combined =
o) 18jH—)ZZ H-— vy L How E
= E | 13TeV, 36.1f0" 20 HRes + XH ]
IQ'— 1.6 e NNLOPS (@NLO) + —]
S 4i RadISH + XH =
© e W XH = VBF+WH+ZH+ttH+bbH 3
© — .
1.2 — =
1) | :
0.8 || e H =
0.2 +++ ++§ —
E T AV ool A
L 1eFT T T T
S 14 - .
S 12| wie _
=S 0 S S S s S + —————— 4 *——
3 081 —
= 06 ° 4 EreE
04 ) ) ) ) ) ) ) ) —
0 10 20 30 45 60 80 120 200 350
pHGeV]
T
o 70 ‘ . ‘v H—>Z‘Z*—>4I m
% E ATLAS Preliminary | ¢ fines ]
60 H—ZZ, H— yy boH—yy -
F . ¥ JVE + XH b
C 13TeV,36.1 1" NNL(;PS @NSLO XH ]
50 = W MGS5 @m_o -
C Nlets STWZ XH 7
C 07 // XH = VBF+WH+ZH+ttH+bbH ]
40—
sorstlfe
n ¥
105 . b
2222202222 0000000220000
. 1.6 ‘
S 14
o 12 ..
> 1 _'.,,+.’ ,,,,,,,,,, + ,,,,,,,,,, + ,,,,,
@ 0.8F
F 06
041 )

Total and differential measurements limited by statistics
More data and channels will further im|
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do/dp: [pb/GeV]

Theory/Data

- T T

~ ATLAS Preliminary ;
F H=2ZZ, H—yy
F 13 TeV,36.11b"

T
H—2ZZ* - 4l
Combined

b H-=yy

NNLOPS (@N°LO) + XH
SCETIib (STWZ)

+XH

........

v H—Z2Z2" - 4l
¢ Combined
A Hoyy

Statistical precision: 20-30% (improved combining)

Systematics uncertainties: ~10% (larger for Njets =

Single channel and combination compared with
several theory predictions(’)

p-values [%] P 19" Niew ph
NNLOPS (@N®LO) 29 92 45 5
HRES 5) — - —
RADISH + NNLOJET 29 - - -
SCETLIB - 91 - 21
MADGRAPH5_AMC@NLO (@N3LO) - - 57—

—NNLOPS normalised to N3LO cross
: section, nominal sample ;
i HRes (NNLO+NNLL)
i~ RaDISH (NNLL)+NNLOJET
: - SCETIib+MCMF8 (NNLO+NNLL)
i MG5_aMC@NLO (@N3L0), NLO for
: 0,1,2 additional Jets :

DIS2018, Kobe 16-20 Apr 2018
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1. Combined H—4l and H—yy for |y(H)| < 2.5 in Higgs boson production
categories: . bbH included in ggF while tHX in ttH

2. Provided cross-sections and BF ratios
=> common systematic uncertainties cancel

Production mode cross-sections in kinematic bins

Uncertainty
Quantity Result SM prediction
Total  Stat. Exp. Th.
Oper-Bae [fb] 6.6 f}f, (‘_‘{(1) +0.4 1:0.2) 5.6f8:3
B, /Bue 125 28 |28 3 09 18.1+0.2
over/ogr  [1072] | 215 *e3 (35 I 133 7.970s
ovilogr [107]| 02 337 (33 L5 D3) | 4553
OiplTer  [1072] 0.7 j(‘):(g’ fé:g jg:% £0.1 13.+£04

3. Reduce model dependance by defining exclusive

kinematic regions targeting specific production modes:

e categories based on Higgs and associated particles
kinematic (bins of Njets, ptHjet,..)

o x B, /B [pb]

M. Trovatelli

10

Best precisions ~20%

I TTTI

I Illllll

gg—H, O-jet

/
3

~

B,
g Y
o oM

I ]Illlll

B,

-
o]

16

14

ATLAS preliminary
Vs=13TeV, 36.1 b
#1556t H-yy and H>2ZZ* -4l
— A -|
T o om  My=12500GeV,ly,) <25 +
T
+ gg—H, = 2-jet
gg—H, 1-jet pf <200 gev +
60 < pf; <120 GeV or VBF-like
¢ gg—H, = 1-jet
ag—H, 1-jet %
p'i > 200 GeV
120 < p/! < 200 GeV r g
P, 2200 GeV

(] Data =

qq—>Haq ]
P, <200 GeV s SsMm =
ag/qq—Hil/Hlv 99/t

Simplified template cross section measurements

DIS2018, Kobe 16-2

ATLAS-CONF-2017-047
ATLAS-CONF-2018-002

T T I T T T T T T T T I T T T T I T T T T
)_E_‘ ATLAS Preliminary

ggF Vs=13TeV, 36.1 fb"
2.20 deviation

H—-yy and H—>ZZ*—4l
m;, =125.09 GeV, ly 1<2.5

iy

VBF

in VBF
Measurement  Fed
VH ° | .
= Stat. uncertainty
Syst. uncertainty D
ftH l_E_.| SM prediction I
o

1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
-1 0 1 2 3 4 5

Cross section normalized to SM

Best precision in ggF(14%) and VBF(26%)

ATLAS Simulation H —yy, m, = 125.09 GeV
bbH N : L Ll

tHW
tHq

tH
gg — Hll (= 1-jet, p¥ = 150 GeV)
gg — Hll (0-jet, pY = 150 GeV)
gg — Hll (p¥ <150 GeV)
qq — HIl (p! =250 GeV)
qq — Hil (= 1-jet, 150 < p¥ <250 GeV)
qq — HIl (0-jet, 150 < p! <250 GeV)
qq — HIl (p¥ <150 GeV)
qq — Hiv (p¥ = 250 GeV)
qq — Hlv (= 1-jet, 150 < p¥ <250 GeV)
qq — Hiv (0O-jet, 150 < p! <250 GeV) .

qq — Hiv (p¥ <150 GeV)
aq — Haq (p; = 200 GeV)
qq — Hagq (rest)
qq — Hqq (VH)
qq — Hqq (VBF-like, 3-jet)
qq — Hqq (VBF-like, 3-jet veto)
ggH (VBF-like, 3-jet)
ggH (VBF-like, 3-jet veto)
ggH (= 2-jet, p}! =200 GeV)

ggH (= 2-jet, 120 < p! <200 GeV)
ggH (= 2-jet, 60 < p? <120 GeV)

ggH (= 2-jet, pi <60 GeV) . 1 :
ggH (1-jet, p! = 200 GeV) ] | : n
ggH (1-jet, 120 < p! <200 GeV)
ggH (1-jet, 60 < p? <120 GeV)
GeV)
0-jet

STXS Regions

0.7

fof VH :and tob
merging neede

ggH (1-jet, pi <60
ggH (
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Higgs boson couplings measurement

ATLAS-CONF-2017-047
JHEP03(2018)095
arXiv:1802.04146

Cross-sections results can be interpreted in the contest of the couplings framework:

G.-sz
I

l
¥‘-§— IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
*  SM prediction ATLAS Preliminary
+ Bestfit s =13 TeV, 36.1 fo”
2 Combined 68% CL

Combined 95% CL
H—yy 68% CL

H—-yy and H>ZZ*—4l
m,, = 125.09 GeV

------- H—ZZ* >4 68% CL ===,

ov =54%

""""
ot

-
AEETTY X Al

07 08 09 1 11 12 13 14

No significant deviation
from SM prediction
observed >

M. Trovatelli

=1.5
V-

1.4
1.3
1.2
1.1
1
0.9
0.8
0.7

couplings
modifiers

*  SM prediction

4+ Bestfit
— 68% CL
------- 95% CL

my, =125.09 GeV

o
(o¢]
(@]
(o]

—
—
—

—
N
—
w
—
N
—

A
Q;

T I T T T T I T T T T
ATLAS Preliminary

{s=13TeV, 36.1 fb"
H—yy and H—>ZZ*—4l
m,, =125.09 GeV

Measurement e

Stat. uncertainty

Syst. uncertainty D

1 1 1 1 1 1 I 1 1 1 1
2 2.5 3
Quantity

e 16-20 Apr 2018

example in ggF mode

(¢

K¢ K

Coupling modifiers

to vector bosons and fermions (kv, kf)
or to loop contributions (Kg, ky)

Construct ratios to probe

simultaneously kv, kf, Kg, ky and
the Higgs boson width '

kgv = Kgkv/KH, Avg = kv/Kg,
Ayv = Ky/kv, Aig = ki/kg

12



Higgs boson mass measurement

ATLAS-CONF-2017-046

® Higgs boson mass measured in H—=ZZ*—=4¢/H—yy channels, profiting from the fully

reconstructed narrow peak over a smooth background:

e H—42 per-event measurement with

fit in BDT bins to further distinguish signal against ZZ*.

Statistically limited channel

e H—-yy fit to myy distribution modelled with a double-sided

Crystal-ball function

e Same categories as in cross-section measurement
e Channel dominated by systematic uncertainty on

photon energy scale

Combined mass result

- ' I
ATLAS Preliminary
—— Syst.
/s = 13 TeV, 36.1 fb” Total Stat. [ Sy
Total  Stat. Syst.
I
LHC Run 1 ——— 125.09 + 0.24 (£ 0.21£0.11) GeV
H—ZZ*—4l : o | 124.88 + 0.37 (+ 0.37 + 0.05) GeV
H—yy — . 12511+ 0.42 (+ 0.21+ 0.36) GeV
Combined — i : 124.98 +0.28 ( + 0.19 + 0.21) GeV
1 l 1 1 1 1 l 1 1 l 1 1 l 1 1 l 1 1 $
124 124.5 125 125.5 126 126.5
m,, [GeV]
M. Trovatelli

Hs mass variation per channel

T 17T ‘ T 1T ‘ T 1T ‘ T 1T ‘ L ‘ T 1T
ATLAS Preliminary H—ZZ*— 4l
| Vs=13TeV,36.1fb" | a
4e —0—-
u2e °
e2u ——0—
a o
I 1 1 | ‘ L1 1 | ‘ | i | ‘ I 1 1 | ‘ | I
-3 -2 -1 0 1 2 3
A [GeV]

Hyy mass variation for different categories
(barrel/endcap or converted/uncoverted)

ATLAS Preliminary | Ve=13TeV, 36.1 15"
BB - Hon —0— h
BE 5 —O—r i
ee | o |
co | — ]
uu 5 H— i

A, [GeV]
In agreement and with a similar precision

™~ to the ATLAS+CMS Run-l combination:

my = 125.09 + 0.24 GeV
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Other Higgs boson properties

Width Eur. Phys. J. C (2015) 75:335
. < LI L L I A B4 B
* SM predicts ' ~ 4 MeV — too low to be measured at LHC § T4ATLAS g
(resolution ~1-2 GeV) [ S £
e« Indirect constraint on 'y by studying off-shell Higgs boson production " ==z A
in diboson final states: B Ea
- when myv >> my, the cross-section doesn't depend on ['H o AT
- by assuming same on-shell and off-shell couplings: B Z ]
2 ______________________________ g
uoﬂ—shell = Honshetr 1_WH /FH,SM A

I, <22.7 MeV @ 95%CL Run-l WW*/zz* ™
(<33 MeV exp.) 20.3 fb™! result

- Run-I: Eur. Phys. J. C75 (2015) 476
Spm/ CP Run-1I: arXiv:1802.04146, JHEP03(2018)095

e Spin and Parity of the Higgs boson measured in WW*/ZZ* final states using Run-l 7 TeV and 8
TeV data (~25 fb-1). SM Higgs boson hypothesis, JP = 0+, tested against alternative spin scenarios,
which were excluded at 99.9% CL. SacAns oo

[fb;

b

e [n Run-Il Higgs boson spin-CP tested, e.g. in yy decays, with angle

distributions of photons and jets sensitive to these properties (2 000 et
compatible with % - +

a scalar particle ° -+ AF{F*l —
All measurements compatible with a SM Higgs boson d T T e T

M. Trovatelli DIS2018, Kobe 16-20 Apr 2018 14



Remarks and Conclusions

4+ A summary of the first set of ATLAS Run-Il Higgs boson properties measurements
has been presented
4+ Precision of cross-section measurements ~2 times better than with Run-I dataset
4+ Overall, a remarkable good agreement with SM predictions observed

4+ Most of the measurements limited by statistics:
4+ So far analysed ~36 fb-1 = ~45 fb-1 still in the pipeline ready to be used
4+ And more data expected in the last year of LHC Run-2 data-taking

= 100 B | l | | | |
0 ~
— 90 ATLAS
80: Preliminary /s =13 TeV
Delivered: 93 b’
Stay tuned for the sequel 70 [lLHCDelivered  pecorcucas
DATLAS Recorded Physics: 80 fbo

(&)
o

- i At |
of the Higgs characterisation saga! Bl Good for Physics

w
o

Total Integrated Luminosity
&)
o

N
o

N
o
IIII||III|IIII|IIII|IIlI|IIII|IlII|IIIl|

uoneiqied gljg

IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII II]III\III

Month in Year
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H — WW* — oV HV _ An aIySi S ATLAS-CONF-2018-004
Analysis strateqgy

e Signature: two prompt isolated leptons and missing momentum

* Events split in 3 Signal Regions on Njets(") 5 UEATLAS Proiminary T
é 10* —_>WW Sevuv, /\/1 >2VBF-V;|‘~; -;yf

- Njet = 0 and Njet = 1 (ggF dominated) § o U L %aa g AN M A 5 M
- Spin 0 Higgs — leptons close together . 2 moiﬁww-%v,w,N,etzgvﬁ:g;;; o
Adee < 1.8 and mg < 55 GeV [ (5=13TeV, 36.1 10" Ewes  Ew ]
. . . 800 Uncertainty =n Hgex30 —
- mr used as discriminant - -

; : 600

- N]Et > 2 (VBF dominated) 1079500 1000 1500 2000 250 3000 ;60 ;000 4005—

- BDT used as discriminant m, (GeV] :

200

- mjj and Ayjj highest ranking (2 recoiling, well-separated jets) i

e b-jet veto in all categories to reduce ttbar (013 Tev/0O8 Tev = 3.3) :

Backgrounds estimation

* Irreducible background normalised from Data control samples:
e non-resonant WW (from Njets <=1 hiah mee events)

m; [GeV]

1400 T
e ithar (b-tag requirement) gmo ATLAS Preliminary ~ +°% - o
o ZOTT (mTT or ACDE{Z |nverted) 5 ivzzlquvﬁ;egg‘; o E o 8 450 ATLAS F"relimina‘ry | (gﬂj‘fm;w %
E 1000: E ';;sy-’!d © 400 H->WW*—evuv, Niet =0 \- ww R
D gool O i > {s=13TeV, 36.1 fb" - v > L L B B B B B
o - - B Higos £ 350 L. mo - §%0F ATLAS Preliminary R
- Mis-identified leptons from data e WW & 300 =g - = oW ey, Na <0
. . ] . C : 250 = ot
with lepton failing 1D/isolation ool OtCR
* |large uncertainties but 2 b
on a ~10% background T w20 PP
Mr & 0
e Other minor backgrounds from simulation B |

M:o lete event selectlontablem backup
Trovateli DIS2018, Kobe 16-20 Apr 2018 Signal fraction at best 14% 17



H—=>WW*—evpuv - Results

>2ow_l I 1 1 I T l T T T 1 I 1 1 I T I T T T T I 1 LI

e Simultaneous SRs and CR max likelihood fit 8 18000 ATLAS Preliminary & ooy

¢ 16 fits regions defined for Njets = 0/1: S 1600% poonw e, < W

. N 5‘1400_ s=13TeV,36.1 1 E;,:_,d .

sub—leading - Different bkg composition @ 1200} ~ i
[2>Cmy, ]+ [2X py Ielep! pel - Enhance sensitivity 1000f X .-

800F
e 4 BDT bins for VBF enriched category 600;
e S(VBF)/B ~0.6 in the last bin %

.0
) 9 aoof T T T
= extract both ggF and VBF cross-sections 2 Tk Data -
T 200F =
. . (=] - NN . -
e Other production/decays modes fixed to SM 100 .. ___residuals _:
0f \ i
= oy ey by by Ly
50 100 150 200 250
m; [GeV]
) ggF: 6.30 (exp. 5.20) VBF: 1.90 (exp. 2.70)
%31400_'I""I""I'"'III I >1200IIIIIIIII|II|||||||||||m lllllllll —
0] - ATLAS Preliminary x B::;Zrtainty 3 ATLAS Preliminary o iy g - ATLAS Prellmlnary 4o EHe ]
= 1200:_ H—WW*—evuv, Nist =0 m ww i & 1000— H->WW*—evuv, Niet = 1 m ww — @ 10 E HoWW —evu v, Nia>2VBF.::":V E'Z'//w' E
2 qo00[- o= 13TeV. 36 fo — l\‘//li‘g-ld - % [ /5=13TeV,36.110" = Jﬁ_ld } ; O4i_vl§=13TeV, 36.1 0" [ v — -
"% 800 — E ’Z?//z‘” _ L% 8002_ : E tzt/,iv, _: % . “ Uncertainty == Hypex30
: . oss . 600 - N W Hoos 10° NjetS =2
600 . - - .l 7] Niate =11 B — o
- Nlets — O ] 400 F b= 10°
400 = N
200f 2001 10
- [ = } 1
050 100 150 200 250 %50 100 150 200 250 0 05 1 15 2 25 3

m; [GeV] m; [GeV] BDT score

— = —— — _————— —
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H—->WW~*—evpuyv - Results

Signal strength and cross-section results: 68% and 95% CL contours

2.0 .

Run-2 Run-1 EiTma AT
S 15F % Bestfit - T
peo [ = 12170 [T (stat) 7B (sys.) =[1.217037 Heor = 10275 R
0.30 0.37 5 1of
pver | = 0.62% 5 (stat.) + 0.22(sys.) (= 0.627 3 U, =12770% e; |
O> 0.5_-
ggF: Precision improved by 36% oof 1o compatible
VBF: Limited due higher pile-up = higher bkg A | with SM predictions
_5 ek (I) PR é ke 110 — 115 PR .2l0. —— .25
‘ * B g [Pb]
OooF * Buoww+ = 12 6*} 3,(stat )+l 9(sys ) pb = 12. 6+%"? pb R
overf - Byww+ = 0. SO+8 ‘—;;1(8[8.[ )+ 0. 18(8}’8 ) pb 0. 50+8 28 pb Source AadgiF %] Aai/\];? %]
Data statistics T3 40
S ) CR statistics +8 +9
Uncertainties on the cross-sections measurement; MCstatistics &5 323
Theoretical uncertainties +8 +21
Significant uncertainties from Theory: o = iy
® ~5% 0N O(ygr) due to WW background modelling %VW ) ii 1142
* 15% on owar) due to QCD scale on ggF in VBF phase Space [Fxperimental ancertamtios  £9 e
b-tagging +5 +6
.. L. i i . Pile-up +5 +2
Limited MC statistics important especially in VBF Jet +3 +4
Oggr) dominated by systematics (exp~theo) oon eptons o »
Luminosity +2 +3

TOTAL +£17 £59
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Systematic uncertainties on WW*—evpyv result

M. Trovatelli

Aoy o
Source (Tgf [Fo] A(TT‘;‘?:F [Yo]
Data statistics +8 +46
CR statistics +8 +9
MC statistics +5 +23
Theoretical uncertainties +8 +21
ggF signal £ 2 b
VBF signal <1 +15
WWwW +35 +12
Top-quark +4 +4
Experimental uncertainties +9 +8
b-tagging = = +6
Pile-up - +2
Jet +3 +4
Electron +3 |
Misidentified leptons +35 19
Luminosity +2 43
TOTAL +17 +59

DIS2018, Kobe 16-20 Apr 2018
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Run1/Run2 comparison for WW*—evpuv result

Hogr stat. syst. Wyee total

ATLAS, 13 TeV, 36.1 fb!  1.217922  10% 15%  ATLAS,13TeV,36.1fb? 0.62%33, 59%
ATLAS, 748 TeV, 24.8 fb1 1.021922  19% 20%  ATLAS, 7+8 TeV, 24.8 fbt 1.27+332 *+31%
CMS, 13 TeV, 35.9fb!  1.38%921 - - CMS, 13 TeV, 35.9 fb1  0.29105§ *228%

CMS also gives results for VH. Theory ggF cross section prediction improved in Run 2 w.r.t. Run 1.
i of Run 2 uses different cross section prediction than in Run 1.

* Good compatibility between Run 1 and Run 2, as well as ATLAS and CMS

* ggF: Precision improved by 36% with respect to Run 1.
» Systematic uncertainties reduced by 25%.

* VBF signal strength low in Run 2
* Expected significance is 2.70 for the Run 1 and the Run 2 measurements

‘ New measurements in H>WW?* will contribute to combined Higgs results

M. Trovatelli DIS2018, Kobe 16-20 Apr 2018 21




H—/Z/Z*—4/0 inclusive and differential cross-section

- Experimental and particle level selection as similar as possible to minimise theory uncertainties

Fiducial phase space definition

Leptons and jets

Muons: pr > 5 GeV, |n| < 2.7
Electrons: pr > 7 GeV, |n| < 2.47
Jets: pr > 30 GeV, |y| < 4.4

Jet-lepton overlap removal:  AR(jet,£) > 0.1(0.2) for muons (electrons)
Lepton selection and pairing

Lepton kinematics: pr > 20,15,10 GeV

Leading pair (mq2): SFOS lepton pair with smallest |mz — myy|

Subleading pair (ms4): remaining SFOS lepton pair with smallest |mz — myy|
Event selection (at most one quadruplet per channel)

Mass requirements: 50 < m1o < 106 GeV and 12 < m34 < 115 GeV

Lepton separation: AR(4;,€;) > 0.1(0.2) for same- (different-) flavour leptons

J /v veto: m(¢;,€;) > 5 GeV for all SFOS lepton pairs

Mass window: 115 GeV < myp < 130 GeV

Fiducial xsections
are defined at the particle level
==> correct the number of reconstructed events by
the difference in acceptance between detector-level and particle level

M. Trovatelli DIS2018, Kobe 16-20 Apr 2018 22




H—-/ZZ*—40 inclusive and differential cross-section
SR event yields

Final state SM Higgs 427 Z + jets, tt Expected  Observed
WZ, ttV, VVV
4u 201+21 98+0.5 1.3+0.3 31.2+22 33
4e 106 £1.2 4.4+04 1.3+0.2 16.3+1.3 16
2e2u 142+14 71+04 1.04+0.2 223 +1.5 32
2u2e 10.8+1.2 4.6+0.4 1.440.2 16.8 +£1.3 21
Total 56 + 6 259+ 1.5 5.0+ 0.6 87+ 6 102

Exclusive, Inclusive and Total cross-section
Cross section ~ Data (£ (stat) £ (sys) ) LHCXSWG prediction p-value [%)]

04, [fb] 0.92 7952 ook 0.880 =+ 0.039 88
o4e [fD] 0.67 7535 Tooe 0.688 + 0.031 96
oou2e [fD] 0.84 T0-3%3 T6-09 0.625 + 0.028 39
ez [fD] 1.18 550 +0-07 0.717 + 0.032 7
Oaytde |fD] 1.59 T058 ot 1.57 + 0.07 65
O2.2¢+2¢2; [fD] 2.02 7030 To-11 1.34 + 0.06 6
Tsum |ID] 3.61 020 7059 2.91 £ 0.13 19
Ocomb |fb] 3.62 To:20 020 2.91 £+ 0.13 18
Otot [Pb] 69 T4 5 55.6 + 2.5 19

Uncertainties breakdown

nggs boson Slgnal XSGCtIOﬂS normallsed Observable Stat Systematic Dominant systematic components [%)]

. . unc. [%]  unc. [%)] e jets 1 ZZ* theo Model Z+jets + ¢t Lumi

at LHCXS WG predictions: Geom I 7 3 <05 3 2 05 03 i
. ) . do/dpr e 30 — 150 3 — 11 1-4 <05 1-3 0-7 0-6 1-6 3-5
- for ggF, N3LO in QCD and NLO EW corrections applied  ov/opmac ) |31-52 10-18 | 2-5 3-16 1-4 3-8 1 23 35
. _ . 8o /Opr.ac (1j) 35-15 6 —30 1—4 2-29 1-3 1-4 1—11 1-2 3-5
- 8o /Oprac (2)) 30 —41  5—21 1-3 2-19 1-3 1-5 1-7 1-2 3-5
VBF is fully NLO (approximate NNLO QCD corrections QofPpmac () |41 B2 | 173 2009 173 1-5 1T 1o 30
- i do/d]| cos 6* | 31-100 5-—8 2-4 <05 2-3 1-2 0-2 1-4 3-5
applled) dg/dnzzj 26— 53 4-—13 2-5 <05 1-5 1-6 0-1 1-3 3-5
0?0/ Omiz Omas 121 —40 4 — 12 2-4 <05 1—-4 1-6 0-1 1-4 3-5
do/dNjess 22 —44 6 —31 1—4 4-22 1-3 2-4 1-22 1-2 3-5
do /dpig@iet 30 -53 5—18 1-4 3-16 1-3 2-3 1-8 1-2 3-5
do/dAg;; 29— 43 917 1-3 8—14 1-3 3-4 1-7 1-1 3-5

do/dm;; 23 — 100 9 — 27 1-4 8-24 1—-4 3-8 1-7 0—-3 3—-5

L —"— S~
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H—/Z/Z*—40 inclusive and differential cross-section

Bin-by-bin correction factors for detector inefficiencies and reconstruction

1.4
. ATLAS Preliminary

1.2FH — ZZ* — 4|
- 13 TeV, 36.1 b

1 4aF I | T
. ATLAS Preliminary

1.2FH — 2Z* - 4l
- 13 TeV, 36.1 fb

— Purity — Purity

= Correction factor = Correction factor

0.8 - 0.8
o.6;===== 0.6
i : : |
O_IIII|IIII|IIII|IIII|IIII|IIII|IIII_ : l I l —_—
0 50 100 150 200 250 300 350 0— 1 5 -
P T, 4l [GeV] Njets

e For ggF, NNLOPS sample used to derived the correction factor

e correction factors agree within 15% for all production modes
except for ttH, due to the missing isolation requirement needed to identify leptons from
hadronic jets at particle level

¢ | arge uncertainty on the last bin of Njets due»to exp je

reconstruction uncertainty mainly
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H—ZZ*—40 inclusive and differential cross-section

different ggF predictions
but normalised to N3LO with the corresponding k-factors

More differential distributions...

do/d(A¢,) [fo/rad] Data/Theory do/dm,, [fb/GeV]

Data/Theory
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H—ZZ*—40 inclusive and differential cross-section

Run-I/Run-Il comparison

S ”'IlIII'”llIII'”Ii'};ﬂlssl;)l(ll/'”l”ll” = 1.6 l T T l | T T T i
() a i i i i il
O 1 + cess XH = VBF + VH + ttH + bbH 8 £ AE ATLAS Preliminary ¢ :;r::ne:H B
9 1 S - H—>ZZ,H ’ * =
Q —4- data, tot. unc. * syst. unc. ] g i 13;;\/, .y f;j T e P .
T \s=8TeV, 20.3fb" IQ:_ 1.2 8 RadISH + XH =
S ATLAS ppsH % 1:_ B 955555 XH = VBF+WH4ZH+tH+bbH  —
'8 10—1 . - = E I [} _________ E
: Run-l o8ff | gim Run-Il -
] i . =
P 0-6¢ gt 2
_________________ i Ny " i
L ? 0.2~ +' ........ $ =]
- =S ———————— S — I I L 2 . e
q) — ' ; S ! ? J ¥ ! p—
£ 4 PR . i
m A
g 2 i =S (R S G ) L © I+ """ + """ +'—
O . PO L ST VS G T VRRIST DO S LY VSN ST RN LY U VST TR [N NP ST TURAL S TS SN VA (S ST UUNY UG (S CHT W S [N O VR '_ 0'6 e - .
0 20 40 60 80 100 120 140 160 180 200 04 , , , , : . . =
” 0O 10 20 30 45 60 80 120 200 350
. eV p¥GeV]

More bins at high-pt and gain in statistical precision.
Not enough sensitivity to different generators (yet)
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H—vy inclusive and differential cross-section

Table 14: Summary of the particle-level definitions of the five fiducial integrated regions described in the text.

The photon isolation piTSO‘O'2 is defined analogously to the reconstructed-level track isolation as the transverse

momentum of the system of charged particles within AR < 0.2 of the photon.

Objects Definition

Photons Inl < 1.37or 1.52 < || < 2.37, p>"%/pk < 0.05

Jets anti-k;, R = 0.4, pt > 30GeV, |y| <44

Leptons, ¢ eor u, pr > 15GeV, |n| < 2.47 for e (excluding 1.37 < |n| < 1.52) and |n| < 2.7 for u
Fiducial region Definition

Diphoton fiducial N, >2, pY' > 0.35my, =43.8GeV, p¥ > 0.25m,, = 31.3 GeV
VBF-enhanced Diphoton fiducial, N; > 2 with p';[ > 25 GeV,
mi; > 400 GCV, |ijj| > 28, IA¢),),,]]| > 2.6
Niepton = 1 Diphoton fiducial, Ny > 1
High EIM™ Diphoton fiducial, ET™* > 80 GeV, pX” > 80 GeV
ttH-enhanced Diphoton fiducial, (N; =4, Npjeis = 1) or (N; = 3, Np.jers = 1, Np > 1)

Measured fiducial cross-sections

Fiducial region Measured cross section SM prediction

Diphoton fiducial 55 + 9 (stat.) + 4 (exp.) + 0.1 (theo.) fb 64 + 2 fb [N°LO + XH]
VBF-enhanced 3.7 +0.8(stat.) = 0.5(exp.) £+ 0.2 (theo.)fb  2.3+0.1fb  [default MC + XH]
Niepton = 1 < 1.39fb 95% CL 0.57+0.03 fb [default MC + XH]
High E%‘iss < 1.00 fb 95% CL 0.30 £0.02 fb [default MC + X H]
ttH-enhanced < 127 1h 'H% CL 0.55+0.06fb [default MC + XH|
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H—vy inclusive and differential cross-section

More differential distributions...

= S e I I M B RS E
= - ATLAS H—yy, Vs=13 TeV, 36.1fb™1
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Total cross section - Channels combination
Acceptance factors
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Total cross section - Channels combination

/= AR REELD AL AN L] ALY RELLY LI R L
g 40" —— Combined 68% CL ATLAS Preliminary
S o[ -+== Combined 95% CL (s=13TeV,36.1f0" ]
© E e Hosyy 68% CL Hesyyp and BsZ2%8F o
30;— oo H 377* 4] 68% CL my, = 125.09 GeV, |yH|<2.5 _;
s F Bestit E Both H->yy and H->4| observe
~ I SM prediction ] : :
sob : E an anti-correlation between
i3 : E ggF and VBF measurements
+ TS
5 f_ W T....',f,t:...h"“._‘_‘,.,. e Soanere ‘ _f
E | | | SIM#"-I- | | :
l‘H10HH20HH30|H'4OHII50HI|60H”70HH80
Gyqr [PD]
Process Result Uncertainty [pb] SM prediction
(lyal <2.5) | [pb] Total Stat. Exp. Th. |pb]
+6.2 655 429 +2.0
ooF By FH OH H 11.2) 44.5+2:0
+2.1 [+ 408 410 +0.08
VBE 7.9 ~158 | -16 ~0.6 —0.7) 3'52--0.07
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Total cross section - Channels combination

Table 4: Leading uncertainties on the global signal strength. Signed impacts on u are shown for a 1o~ upward or
downward shift on the uncertainty source, except in the cases of PDFs and branching fractions. The PDF uncertainty
is dominated by PDF4LHC eigenvector 5, which decreases the signal strength by 0.018 due to a relative increase in
the gluon distribution of 1.5% for a momentum fraction of x = (.01 [68].

Source Up Down
Theoretical
agsg’”é (perturbative) -0.045 +0.044
PDFs +0.018
Branching fractions +0.014
as -0.011 +0.012
Experimental
Luminosity -0.037 +0.038
Energy resolution (e,y) +0.021 -0.019
Pileup +0.014 -0.015
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Production cross-sections in 4| channel

oxB measured in several dedicated mutually exclusive regions of the phase space based on the
production process. Production bins are chosen in such a way that the measurement precision is
maximised and at the same time possible BSM contributions can be isolated.
- simple fiducial region definitions for each Higgs production mode based on Higgs kinematics and

associated particles = match experimental categories

Advantage: cross-sections can be interpreted in terms of Higgs boson couplings, and theory
uncertainties enter only at that stage :

Two sets
of production bins considered:

Stage 0

Stage 0 (more inclusive ==> smaller

statistical uncertainty)
and Reduced Stage 10)
(smaller theoretical uncertainties)

- €e.g. exclusive jet bins and ptH

) too fine granularity for
precise measurements in all
STXS Stage-1 bins =>
merge some categories

M. Trovatelli

O-jet

Production bins

1-jet

ggF

= 2-jets

VBF

+ | VBF-enriched-p./-High |+

Reduced
Stage 1
ggF-0j
p." <60 GeV : .
ggF-1/p/"Low 1
60 < p,' <120 GeV s .
ggF-1j-p,"-Medium | .
p,">120 GeV E
ggF-‘lj_-p#—th o
ggF-2j
p,! <200 GeV
VBF-p/-Low
p,/>200 GeV
VBF-p -High
Hadronic V d
adronic V decay ad
Leptonic V decay
VH-Lep
ttH

Reconstructed event categories

N, =0
0j
p," < 60 GeV
1j-p,"-Low
60<p*<120GeV| N, =1
1/p.“-Medium :
p-*'>120 GeV
1j-p.*-High

p,/ <200 GeV
VBF-enriched-p-Low |+——

m, > 120 GeV

p, > 200 GeV

m, < 120 GeV

VH-Had-enriched!

VH-Lep-enriched

ttH

ttH-enriched

: 1: VH-Had enriched is divided into p_* > 150 GeV

118 < m, < 129 GeV -

: and p * < 150 GeV sub-categories for tensor
« Structure measurment




H—4l Stage-0 production
Cross-section measurements

I l I 1 I l | I I I I I I l I I I I I I I | I I I I I I I
A TLAS % Expected SM
— H-—>ZZ* — 4l km Observed: Stat + Sys —
-1
1S?aTee\(;’-3|6.? <fb2 5 SM Prediction
| TAETT=S B [fb] (©B),, o] _|
ggF ! 1310°22 1180+ 80
! +160
VBF L 370" 40 92.8+2.8
<200 +3
VH (95% CL) 535
<120 +1.
ttH (95% CL) 154104
. E] +260
Inclusive 1 1730 0 1340 + 90
1 l 1 1 1 I | | 1 I 1 1 | | | | | I | | | | | | | I | | |
0 D 4 6 8 10 12 14
oBl(cB),,

ggF and VBF anti-correlated since VBF category
has large contribution from ggF production
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Combination of Stage-0 production
Cross-section measurements:
Correlation matrix

| |
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o - % Bestft -
- SM prediction E
20— : =
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0w 000 @ % LY =
: _:._ . T::’..’.-‘.ﬂﬂ-'u......:-. -...-.'.’-'."',0‘: ...... _E
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ATLAS preliminary

[ ! !
e = 5 Cevsl ‘

- - Stage-1 and bins merging
P [— — for intermediate Stage-1 ATLAS
measurements
.
+ Py (250, 00|
: _ (EW qqH incl. VH — qqH)
— e

Towards Stage-1 Template XS measurement:
9 categories

" lllllllll l‘llllllllllllllllll'lllllll
99—>H (0-jet) I-B'* ATLAS Preliminary
" -1
gg_)H (1'jet, pH< 60 Gev) f—% E = 13 TeV, 361 fb
£ : H—yy and H—ZZ*—4l

g99—-H ' m, =125.09 GeV, |y |<2.5

(1-jet, 60 < p' < 120 GeV) . H
o < S o

]
1 BY)’ / B4I

(1-jet, 120 < p'T’ < 200 GeV)

or VBF-like) ' i »
]
E]
w
L

gg—H (= 1-jet, p! >200 GeV)
+ qq—Hqq (p’r >200 GeV)

qq—Hqq (p’T < 200 GeV)

—7 0.20.40.60.8 11.21.4
k —— 1 Ratio normalized to SM

Stat. uncertainty | |

k E 4 Measurement lo]
]
I

1

g9/qq—HIl/HIv Syst. uncertainty D

g9/qq —ttH |_E_| SM prediction .

llllllllllllllllllllllll

4 0 1 2 3 4 5 6
c, X B, normalized to SM
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Production cross-sections in yy channel

The events satisfying the diphoton selection classified into 31 exclusive categories that are optimized
for the best separation of the Higgs boson production processes and for the maximum sensitivity to
the phase space regions defined by the stage 1 of the simplified template cross-section framework. A
combined fit to the event reconstruction categories is then performed to determine nine simplified
template cross sections (with |[yH|< 2.5).

lggH ver. WH [JizH logzH ttH llbbH | tHg = tHW

ATLAS Simulation  H -y, m =12509Gev s=13TeV, 36.1 fb™
- ATLAS Yy, m =125.09 GeV

tH lep Ofwd
tH lep 1fwd I

ggH (0jet) (— —

ttH had BDT2

ttH had BDT3

ttH had BDT4

tH had 4j1b

tH had 4j2b

VH dilep

VH lep HIGH

VH lep LOW

VH MET HIGH

VH MET LOW

jet BSM

VH had tight

VH had loose
VBF tight, high pJ
VBF loose, high pt¥
VBF tight, low p!¥
VBF loose, low p’¥
ggH 2J BSM

ggH 2J HIGH

ggH 2J MED

ggH 2J LOW

ggH 1J BSM

ggH 1J HIGH

ggH 1J MED

ggH 1J LOW

ggH 0J FWD

ggH 0J CEN

No sensitivity to all the ST 5 B~ B0 GaN) [~ T

31 categories
—=> ggH (1 jet, 60 = p!' < 120 GeV) | "

merge categories :
and fit in only 10/31  99H (1jet, 120 <py< 200 GeV) | — : .
final categories :

ggH (= 2 jet) — ; =

qq — Hag (p! <200 GeV) — .

ggH + qq — Hqq (BSM-like) — ‘o

VH (leptonic) — .

top — o

[
|lll|ll|ll|Illlllllllllllllllllll

SM prediction 05 0 05 1 15 2 25
Measured o x B normalized to SM

0O 01 02 03 04 05 06 0.7 08 09 1
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Production cross-sections in yy channel

{s=13 TeV, 36.1 b

ATLAS H— vy, mH=1 25.09 GeV
: In general, all main production modes
ggH - —— bbH merged to ggH can be probed in diboson decays
VBF [ .
68% and 95% CL 2D counters VBF vs ggF
top and VH profiled in the fit

VH | ° 3 4U_ T T I T T T I T T T I T T T I T T T l T T T I T T T I ]
L= - ATLAS o Bestfit 1
E 35 Vs=13TeV,36.1 fb™ —68% CL
1 -~ H—yy, m,=12509 GeV -:95% CL 7
T 30:_ ......................... +SM _:
’[O — < m E ...... E
g * 251 i
: ® — i
IIIIIII|lll|!llll|llll|llll|ll D>20:_ _:
0 05 1 15 2 25 - g
supredicon  Measured o x B normalized to SM 150 %
Measurements agree with SM predictions | R, L -
Within 20 5__ | | | | | | | | | I..I- | | | | | 1 | | | | | l—_
2 40 60 80 100 120 140 160

Oyqry x B(H = y) [fb]
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Higgs boson couplings

The Higgs boson couplings to heavy SM vector bosons (W and Z) and gluons are studied by measuring the
cross sections for different production modes. The reconstructed Higgs boson candidate events are classified into

different categories.
The categories are defined to be sensitive to different Higgs boson production modes, which in turn

also provides sensitivity to the BSM contributions

21 SM
. 1.2 SM Tf~  f
oci—H— f)=k o, PER=tT)
HY H
Fermion vs vector boson couplings:
ggF ~ k¢°, VBF ~ k\?
Ba ~ sz' ky and kgare effective loop couplings for ggF and H—yy

Byy ~ f(kf%, k#°, k¢ x kv) from loops
assume I'"ggy = 0 and only ks and ky = 1
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BMS searches

The differential fiducial cross sections can be interpreted in the context of searches for physics beyond the SM.
Limits are set on modified Higgs boson interactions within the framework of pseudo-observables.

The couplings related to the contact interaction of the Higgs boson decay are considered, €., €r, which modify, in
a flavour-universal way, the contact terms between the Higgs boson, the Z boson, and left- or right-handed
leptons.

These contact terms only affect the dilepton invariant mass (not the lepton angular distribution) ==> The
difference in y2 between the measured and predicted cross sections in the m12 vs m34 observable plane is
therefore used to constrain the possible contributions from contact interactions.

modifies the coupling between
the Higgs boson and the Z boson

0-8 LI UNCL T T T & o e ER I — T T ]
STCLATLAS | {1 £ ““Tamas 7] lg E
- H—= 27" — 4] — 95%CLObs - o L H-»Z2Z" -4l —— 95%CLObs - Ry
0.6 13TeV, 36.1 b * SM - { gp. 13TeV.36.1 b * SM E
L e 95% CLExp It . 95% CL Exp .
: : 1~ -
0.4_ — B e 7
i ] 0.5F -
0.2 . oF -
i i _0.5F -
i “— R :
_0'2__. T T I__ 0 —1'5: T B B R —:
-0.4 Do 0 0.2 -04 -0.2 0 0.2 04

€ . e ST .
L no significant deviation is observed
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Events/ 2.5 GeV

Higgs boson mass - 41 channel

25_\\\\‘\\\\‘\\\\‘\\\\‘\\\\ >25 N amamE %
- ATLAS Preliminary ™ Paa 3 ATLAS pre“mmary -+ Data 3
OF Hozzros 4u [ IBackground | — 20__ HeZZ*—> 4e [ Background ] >
B 1w
c i ] c
) i )
1 @ 150 1 o
_....I......,,,,,,,,,|I_ _|||||||||||||||||||||||
P00 115 120 125 130 13t Pio0 115 120 125 130 135
m,, [GeV] m,, [GeV]
(o)
meas meas true true
Smg (Myp ) = fF(m — My ) - BW(mg, ,mp ) dmy,

0

25 T T T ‘ T T T T > 25_ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T
ATLAS Prellmlnary ~*- Data G | ATLAS Preliminary ™ Data
- {s=13TeV, 36.1 b —Fit & . (s=13TeV,36.1 fb" — Fit
20__ H—ZZ*— 2e2u DBackground B > 20__ H—ZZ*— 2u2e DBackground B
- ] € - ]
I s [
15_— - W 15_— —
10F s
5F . _
e
Plo 115 120 125 130 13t Pl 115 120 125 130 135
m,, [GeV] m,, [GeV]
true Measured signal distribution as a convolution

of the BW and a response function F

l

From simulation, using the lepton energy response functions

Final state Signal (125 GeV) 47" Z +jets, tt, WZ, ttV,VVV  Expected Observed (electron/muon and per deteCth regi?”)
A 20.6 &+ 1.7 159+ 1.2 2.0 £0.4 385+ 2.1 38 Depends on the lepton kinematics
2e2u 14.6+1.1 11.24+0.8 1.6 0.4 275+1.4 34 ==> the response functions combination for the
2u2e 11.2+1.0 7.4+0.7 22+04 20.8 + 1.3 26 4] mass vary event-by-event
4e 11.1+1.1 7.1£0.7 2.1+0.4 20.3 + 1.3 24
Total 57+5 41.6 £3.2 8.0+ 1.0 107 £6 122
Systematic effect Uncertainty on m%z " [MeV]
Muon momentum scale 40 o(mass) ~ resolution
Electron energy scale 20 ==> /1 (leading pair) mass constraint
Background modelling 10 ==> +15% improvement on m4l resolution
Simulation statistics 8
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Higgs boson mass - yy channel

—e— Data

------ Background

—— Signal + Background
—— Signal

700

600

T

)’ weights / GeV

500
400
30— e

200

100

T T T | T T T T | T T T
ATLAS Preliminary
Vs =13 TeV, 36.1 fb”
m, = 125.11 GeV

In(1+ s/b) weighted sum

50
40
30
20
10

~108 + 5 +

20 | |

Y’ weights - fitted bkg
o

160

m,, [GeV]
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Systematic uncertainties breakdown

Source

Systematic uncertainty on m7; [MeV]

LAr cell non-linearity +200
LAr layer calibration +190
Non-ID material +120
Lateral shower shape +110
ID material +110
Conversion reconstruction +50
Z — ee calibration +50
Background model +50
Primary vertex effect on mass scale +40
Resolution 2
Signal model +20
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Anomalous couplings in EFT approach

The tensor structure of the Higgs boson couplings is studied, probing for admixtures of CP-even and
CP-odd interactions in theories beyond the SM (BSM).
Use Effective Field Theory to search for deviations in the Higgs Lagrangian:

EFT assume BSM particles
above the cut-off A (=1TeV).
Introduce additional operators to the lagrangian

l
jg: 1 4 L T T T | T T T T T T T T T | T T T | T T T l jg: 1 4 L T T T | T T T T T T T T T | T T T | T T T l
g 12 __A TLAS + Best Fit __ M 12 __A TLAS + Best Fit __
" H—> ZZ* — 4l — Observed 95% CL " H—> ZZ* — 4l — Observed 95% CL
10[-13 TeV, 36.1 fb” * SM - 10[-13 TeV, 36.1 fb” * SM -
o :_KHgg =1, kgy = 1 === SM expected 95% CL _: 8 :_KHgg =1, kg free === SM expected 95% CL _:
E Observed: [k, | = 0.5, K, = 2.9 E E Observed: [k, | = 0.3, Ky, = 2.1, Kgy = 1.7 E
6~ Expected: k,,, = 0.0, X, = 0.0 — 6~ Expected: k,,, = 0.0, K, = 0.0, Ky, = 1.0 —
4: ] 4: 1 The CP-even and CP-odd BSM couplings

- . - . to heavy vector bosons are

ol J ol J also probed simultaneously
o = o =
-2~ = -2~ =
Al ] Al ]
T | | | | | | | | | | | | | | | | | | | | | | | T T | | | | | | | | | | | | | | | | | | | | | | | T
-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6
KAvv KAvv

(a) (b)

Figure 10: Observed (black) and SM expected (blue) contours of the two-dimensional negative log-likelihood at
95% CL for the kyyy and kayy coupling parameters with 36.1 fb~! of data at v/s = 13 TeV. The coupling kg gg is
fixed to the SM value of one in the fit. The coupling sy is (a) fixed to the SM value of one or (b) left as a free
parameter of the fit (b).
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Spin/CP testing in yy decays

The differential cross sections for pp — H — 7y as a function of |cos 6%| and A¢;; are shown in
Figure 28. For a scalar particle | cos #*|, shows a strong drop around 0.6 due to the fiducial requirement
on the photon system, whereas for a spin-2 particle, an enhancement would be present in precisely this
region. The charge conjugation and parity properties of the Higgs boson are encoded in the azimuthal
angle between the jets: For example, in gluon—gluon fusion, its distribution for a CP-even coupling
has a dip at +5 and present peaks at 0 and +x, whereas for a purely CP-odd coupling it would present
as peaks at +5 and dips at 0 and +x. For VBF the SM prediction for A¢;; is approximately constant
with a slight rise towards A¢;;= +x. Any additional anomalous CP-even or CP-odd contribution
to the interaction between the Higgs boson and weak bosons would manifest itself as an additional
oscillatory component, and any interference between the SM and anomalous couplings can produce
distributions peaked at either A¢;;= 0 or A¢;;= +x [138, 140, 141]. The shape of the distribution is
therefore sensitive to the relative contribution of gluon—gluon fusion and vector-boson fusion, as well
as to the ensor structure of the interactions between the Higgs boson and gluons or weak bosons. This
is exploited in Section 9.5.8 to set limits on new physics contributions. To quantify the structure of
the azimuthal angle between the two jets, a ratio is defined as

A o(|Adjj| < ) — (% < |A¢jj| < &)+ a(|Ady;] > &)
lAg;il = =< T 27y
7T a(lAgyl < B) +o(F < M| < )+ a(lAdy| > )

which is motivated by a similar ratio presented in Ref. [140]. The measured ratio in data as determined
by measuring |A¢;;| in three bins is

A'K;,s-,-l = 0.45’:8:5 (stat. fg::?(syst.).
This value can be compared to the SM prediction from the default MC simulation. The predicted value

is AISA‘:"._I = 0.44 + 0.01, consistent with the measured ratio.
11

In summary, the measured | cos 6*| and A¢;; distributions are consistent with Standard Model predic-
tions for a CP-even scalar particle.
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