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Outline

e The Higgs Boson at LHC

 Run2: Higgs boson properties
* Mass, Spin - CP and Width
* Differential Cross Section
e Production Cross Section in the most sensitive decay channels
- Combined measurements
* Interpretation of the results in different framework
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The Higgs Boson @ LHC

. . Decay Channels
Production mechanisms . .
e Gluon - Gluon Fusion (ggF) o 'H':}ZZ: low BRj very good signal - background ratio,
e Vector Boson Fusion (VBF) high mass resolution

o Associated production with a vector boson (VH) °© H=>WW: high BR, low mass resolution
° Associated production with a top quark pair (ttH) ¢ H-> yy: low BR, large background, high mass

resolution
. sstl . vBE 0 o H=>bb and H=>7z: high BR, large background, low
1 .
t __'_"_0_ - W/zg-ﬁ? @ 13 TeV mass resolutlon Decay mode Branching fraction [%]
t . o~ 48.5 pb [6) H%Zy and H%W: H — bb 575 £1.9
9 9, 9y & H— WW 21.6 +0.9
ttH Over ~ 3.8 pb very low BR H > gg 8.56 + 0.86
£ g i Own ~ 14 pb H— 17 6.30 = 0.36
o7y ~ 0.9 pb H — cc 2.90 +0.35
Ouy ~ 0.5 pb H—27Z 267 +0.11
H = yy 0228 +0.011
H— Zy 0.155 +0.014
H — uu 0.022 +0.001
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The Higgs Boson: from Run 1 to Run 2

During Run1 (/s =7-8 TeV, 25 fb-!) measurements of Higgs properties has been interpreted in terms of

Signal § defined as the ratio of XS*BR observed with the SM: [ = (& BB SR
° ° 3 . x o . — obs h B
ignal Strength, defined as the ratio o observed with respect to the SM: | 4 (0 BR). g Arias ang cws ,
[ LHC Run 1 ]
e Couplings modifiers x introduced as scale factors to the cross sections or partial decay widths =t ]
. ! 2:_%5%22"“ _
0-(/%’)I‘f(/‘{) /,E f"ljz' = (U_O)j E e ]
o; X BR/ = lF— S J ,ff\{r: 1.5:—|:|H_)bb
- JF P '
v (T ) s 1

Moving to the Precision Era with full Run2 statistics (/s =13 TeV, 139 fb-!)
¢ Mass, Spin—CP ’ Width | —— 68%CL ~ 95% CL 4 Bestfit % SM expected 1

. % 05 1 15 2
*  Cross Section measurements )

o
o
T

*  Fiducial differential cross sections
e  Cross sections per production mode

e Simplified Template Cross Sections (STXS) framework to define exclusive regions for each
production mode
e Interpretation of the results via theoretical frameworks on top of the k-framework to put constraints on
anomalous couplings of the Higgs boson with the other SM particles and to probe New Physics phenomena:

e  Effective Field Theory, Pseudo-Observables, ...
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Higgs Precision Measurements

Mass

e H->ZZ* and H-yy are the most sensitive channels - clear signature 3 S R L A S AN A

e Resolution on mass 1-2%

e Main uncertainties: muon momentum scale (H>ZZ*—>4l) and

photon energy scale (H=>yy)

o H->77*>4l + H->yy: Results with 36 fb-1 combined with Runl
o  H->Z7*->4l:; Preliminary results with 139-1

ATLAS

Run 1. Vs = 7-8 TeV, 25 b, Run 2: {s = 13 TeV, 36.1 fb”

Run 1 H—4/ S ———

Run 1H—yy —_——

- Total Stat. only

Total  (Stat. only)
124.51+£0.52 ( £ 0.52) GeV

126.02 + 0.51 ( + 0.43) GeV

36 fb_l Run 2 H—4/ |—o:—|

124.79 £ 0.37 ( £ 0.36) GeV

Run 2 H—))/y —_—— 124.93 £ 0.40 (£ 0.21) GeV
BT ANTR—— . 124715030 (2030 6oy
Run 1+2 H-yy ———1—i 125.32 + 0.35 (£ 0.19) GeV
" Run1Combined T e 12538 2041 (£0sT oV
Run 2 Combined —e— 124.86 £ 0.27 (£ 0.18) GeV
| Runt+2Combined  =——t 126.97 4024 (£0.16)GeV
ATLAS + CMS Run 1 —— 125.09 + 0.24 (+0.21) GeV
1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1

123 124 125 126 127 128
m, [GeV]

139 fb-!

0= ATLAS Preliminary ¢ @

80 H — ZZ* = 4l — Fit

0 - Vs=13TeV, 139 fb™ D Background
7

Events/ 1.25 Ge

-l".'i-rl||l[|ll||||IIIIIIIlI'IIII|IIII|1|II|II_

_U_IIII|II\I‘IIII|IIII|\I\I|IIII|I

0
105 110 115 120 125 130 135 140 145 150 155 160
m,, [GeV]

mpy = 124.927020 GeV
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Higgs Precision Measurements

L
Spln_CP % 1 2_‘ T emn x| SM compatibility : p-value = 35%
8 EoTE e, 31 A pure CP-odd coupling is excluded at 3.9a, and
. = 36 T WS p
S Y % 3 | |CP-mixing angle|> 43° is excluded at 95% CL
ol T Y Fi3 Phys. Lett. B 805 (2020) 135426
’E. _1;_ ATLAS...,,,,,,‘. ..."____.' —: j 4_5E LA Y E
s, -1.5E (5-13TeV, 139 fb" E % Ak ATLAS -
: I I ST I IR IR N - -1 ]
5 “45 -1 05 0 05 1 15 2 35F \/g():b13 -Zev’ 36.1fb E
- K,C08 () — —e—Observed _ -
= 3:_ —+— Expected (d =0, u =1) 3
*  H->yy (139 b1): Search of CP-violation signs in the Yukawa couplings e opected (20 e 1) ]
of Higgs boson and top quark in the ttH production 2.5 E
e H->77 (36 fb~1): Test of CP invariance from Optimal Observable e g b DT =
distribution in the VBEF production, limits on Higgs couplings with 1.5- E
electroweak gauge bosons e E
0.5 =
EFT parameter in the Hawk basis - | | | | .
~ -06 -04 02 O 02 04 0.6
d = [—0.090, 0.035] @ 68% CL (Obs.) 5
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2 2

Higgs Precision Measurements Bt = Kt e

idth 2 et K
l t ,U _ g,on-shell Z,on-shell
on-shell —
M
| \ | FH/F%
— I | I — I T ‘ T ‘ - 2 CT T 1771 T T 1 T T T T T 1 T T T 1T 1]
S FATI A e Expected-Stat. only | = "ATLAS 7~ Expected-Stat. only 7
% 14 ?ATLAS —— Expected l N? 14 = —— Expected J
' “H* > ZZ > 41,22v - Observed-Stat. only - H*—>Z2Z > 422y Observed-Stat.only 7 |
12|~ 13 Tev, 36.1 fo” —— Observed . 121713 Tev, 36.1 0" — Observed il =
B uf,ff_s’,:;fzz ”Z?ZQF = i | Kgv, on-shell = Kg/v, off-shell ] ;‘
L N 10 — _
10 i r 118
sl sl 1|% Discriminating observable
i - 112 H->4l: Matrix-Element based
6~ 6 - g discriminant Dy
i - 112 H-212v: transverse mass of ZZ
4 - 4 :ﬁ ------------------------------------------------------------------ ": 8 tem m ZZ
C - 115 Sys T
2 2 _
------------------------------- PO .
0 2 - “”\ | | L L | | ‘ L L L | ‘ \* 0 .... L | | L | | | L | ‘ L Il | L | | | |7
0 1 2 3 4 5 0 1 2 3 4 5 o
uoff—shell FH / FH

o H->ZZ*->41 (36 b))

e Constraint the off-shell signal strength

e Upper limit on Higgs width

/'l’off—shell < 3°8 (3-4) @ 95% CL

/T < 3.5 (3.7) @ 95% CL

ICPPA 2020

Chiara Arcangeletti 6



Ditferential Cross Section Measurements

= 10 . =5 T T T T
E ATLAS Prellmlnary IH—>yy f5=13 TeV 139 1" % ATLAS Prellmlnary H—yy, ls=13TeV, 139 fo"
< I o -¢- Data, tot. unc. 1\ syst. unc.

P F d h b d d 8 - Data, tot. unc. 3\ syst. unc. IS

iducial phase space based on detector acceptance to | 2 |, e : o
o« o N -NNLOJET®SCETNNLO®N LL+ XH © 4 gg—H Sherpa (uepsano) + XH
minimize the model dependency 3 oo ol B oo 1 |

== XH = VBF+VH+ttH+bbH
anti k, R =04, p.>30 GeV

e Unfolding to correct for detector level effects, o T
efficiency and resolutions

1072 S
e Variables sensitive to the Higgs boson properties B 10?
related to the Higgs kinematics or to the jets produced | 5 3
in association with the Higgs: pr, mjymsy, Ni, my, oo | 5os os

L L L L L 1 1 il Il L L
150 200 250 300 350 0 200 400 600 800 1000 1200 1400

*Several observables related to the Higgs decay into 4 leptons has by [GeV] m (GoV]

o
ol
o
-
o
o

been unfolded as the leptons decays angles — ‘ ‘ ‘ T —— —
M - z [ HoZZ o4 o NS PP & 147, +XH 8, a5 Ho 2z =4 R R VAR
* Run2 measurements with 139 fb § o5 T ggt%}g;;ﬁ“& e T =
* . L . . o Ta oo v oA - S .
e H-ZZ* and H->yy: statistically limited e o o e P
SE p-value NNLOPS =77% | p-value Prophecy = 75% J
. ' g 1 1:, p-value NNLOPS = 59% I+,I* E<’\)
Good agreement with SM S f _ | S
R 0.5% W= 43 e f; 05 Itf“l mcfpoced EN B
e Interpretation of the results I et e —
& 2 — g 25 — O
Q 15— B l — S L ig= - 312
= [ T PSRN R S _ . O
g 0 ;i. | | é 0.51 """""" " s ] e . """"" —
15 | e 15E
z —— 2 | —— —
o8 =1 =2 E O g0 BnT  Bnz B3 Bnd
Nie‘s mypvs.Mgy
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Differential Cross Section Measurements

h Zi h ¢
K7z ;/1
7\

0.6~ Best Fit p-value: 0.66 |

arXiv:2004.03969

@Q@ 02 —

Pseudo-
Z \  Observable
wm 'tllllll[lllll\Il!ll|I||I1IBI|tIFI.tII|1!I\ll_
I~ + es] I
0_85ATLAS _____ com. Gl |
| H—> ZZ* — 4l —— 95% CL.
F Vs=13TeV, 139 b * SM

205 —04 -03 -02 -01 0 04 02

e Interpretation of the results

ATLAS-CONF-2019-029

SILH EFT
ATLAS ST < I Obsered 67 CL
SMEFT Interference-only Observed 95% CL
C,;[107] [
C, s [10°7 |
Chy [1 0'3]_ D
Coy I |
C,51107] e
C, (107 1
Cus 107
Crae 1077

PRI I IR L
-1.5 -1 -0.5 0 0.5 1 1.5

Parameter value

Effects on pr, N, my; , A, , poieadet

G
(‘cs,o
Light Yukawa Q lo,
o Fr T T : I ‘5’106 ,
¢ 25-ATLAS * 5:;: EnL ) &011
20  H—2ZZ" >4l — 95%CL E
- Vs=13TeV, 139 b * SM
15 ;7 Best Fit p-value: 0.10 *;
10;— —f
5 E
0 i
_5i_ E
o- i
_15:7‘ [ \ L =
-4 -2 0 P 4 6
Ky
H->77* | ke = [—12,11] @ 95% CL
Hyy | ke = [—19,24] @ 95% CL

e H-Z7*: Limits on modified Higgs boson interaction within the Pseudo-Observable framework
*  H-yy: Constraints on Wilson coefficients in the Warsaw basis for SILH EFT.

e H-ZZ* and H=>yy: Constraint on the Yukawa coupling to the charm quark
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Production Cross Section Measurements

* Production cross sections are a way to probe the strength -_’-_E

of the Higgs boson coupling with SM particles and possible ‘
BSM effects {Lon/Mel ot

e STXS framework define exclusive regions in the Higgs phase
space of the Higgs production processes, based on the
kinematics of the Higgs and of the particles/jets produced in - 2010
association: pree , N, ., my; , pr™’

* Ceriteria:

. . _ 9Ll | Lowp™2 |
e Minimizing the dependence on theoretical uncertainties VH —| — e
* (] * (] (] . (] (] lg
e Maximizing experimental sensitivity also to possible BSM J L
effects aq>Hev | Very High pr" -

» Different STXS Stages definition, corresponding to

increasingly fine granularity -

* Not all the analyses are sensitive to all the STXS bins

tH bbH

e Reco-level categorization in each analysis, in which the measurement is performed, as close as possible to
the Particle-level categorization < minimize model-dependent extrapolation

ICPPA 2020 Chiara Arcangeletti 9



Production Cross Sectlon Measurements

> .
1 \@ 2 3000 Data ATLAS Preliminary AL A A B s S S B L
07 S E Background Vs =13 TeV, 139 fo" ATLAS Preliminary FedTotal | |Stat. = Syst. | SM
S 2 2500 my, = 125.09 GeV s=13TeV, 139 b
=4 .
@ 2 5000 Signal + Background ,, categories H->yy, m, = 125.09 GeV Total Stat. Syst.
E In(1+S/B) weighted sum 9H0J0<p!" 10 076 03 (w026, 073
g 1500 S = Inclusive qgHOIp5 10 147 1020 (g q5 013
. 2 1000 H +0.44 +0.19
o VWU TR Ceente, 9g-H1J0<pl <60 == 0.91 (+ 0.40, )
* 27 STXS categories (based on Stage 1.2) o e | o (0 e
ag-H 1060 <plf < = 118 1oy (2037, Tod)
I
L4 )4 3 ggAH1J|20<p:<200 0.70 +0.52 (+0.50, +0.11,
e Two-step Categorization S = i
EE E ag->H 2200 <m,, <350, 0 <pt <60 |———fmpmm—oH] 0.47 *112218 (*111‘56 ?3585)
st ° . = _E gg>H>200<m, <350,60<pi<120  |—p—] 0.28 +0.59 (f057’ +0.13
15t step: 44 reco event categories: Multiclass g : 0% Losa: iz
E gg->H >2J 0 <m,,; <350, 120 < pl! <200 =] 060 oy (£0.45, 1))
. ° . . . | N N N N N —
BDT to discriminate different production mode « T80 | |s nmoeono ———t 205 1059 (1088 w047
©
=] m,, [GeV] gg->H 200 <p!' <300 = 1.00 T°'4° fo'sa +°13)
27d step: split each category in 2-3 ot e === 057 105 o1
¢ T 1T T T I L I L I L I L I T T 17T I L I T 1T T 7T o - pT * 020 -0.50 -0.49° -0.09 )
. . . . Hp 4 ga H145 +144 s017
subcategones to separate 81gnal from continuum ATLAS Proliminaly | peiTotal | stat. EISyst || sm . e e— 164 e (e 00s)
Vs=13TeV, 139 fb a1 ; — | 155 28 (4115 4044
) H-yy, m_ =125.09 GeV - Y -1.08 1-1.020 -038
background using a BDT g | Toul St Syst =210, <0 120m, <3 ey 55 1Y (1D 0T
9 88 Reco Categories ggF + bbH ] 1.02+0.11 (£0.08,% 7)) aq>Haq>2J60<m <120 I EI ] 0.76 :;1.535 Tg:g +(;)22:,)
VBF == 134+ 92 (+018,+ °1°) 22 350-<m <700, 0 <y <200 "E'IEH 079 e (Cose om
. . . 34+ 0% (£0.18,+ 010 . . .
e Flt on mw to extract SIgnal n eaCh Category aa-Haa22J m, > 700, 0.<pl! <200 I-E-l 109 ‘ar Coser ‘oir
WH —— 233+ 0% (+ 0%+ 0% qaHaa220m 350,200 +0.46 ,+0.41 +0.20
135 40 (036 -0.17)
c L B B L L L LR
g 1k Signal selected ~ ATLAS Simulation Preliminary —| ZH 084+ 05 (£ 0% % o0p ) 4o O < <150 241 g7 (2067, Jig)
E E =2 gﬁ';:'p’f;z:"es Vs= :3(Tiv,139 fg;';r-\ilaxyz . 3 q-Hiv p! > 150 —e=— 2.64 "019196 "01‘9174 ?1'79)
£ qd' - Hag' (= 2-ets, m > 700 GeV, p, > 25 Ge\ ] y Y -0. -0.
g | ! ] ttH +tH I—E:—! 092+ g% (+ 0% % o7 ) o <5 <15 108 1059 (096 0z
o _ 087 (0.
El v b b b b b b B HIlpY > 150 010+1.11+1.10+016
] _ — ' 19 003 L0910 019
] 2 10 1 2 3 4 5 ot N 076 088 (0B 0z
i ° o,/0 T . -0.70 ‘-0.68°' -0.17
-2f === : | H
10 g E__ .' g PrOductlon XS 1tH 60 <p!! <120 |_-l_| 0.72 T(;Jfg .+(§)45§ +é)01;)
= ' ] ] 1 1 3 o L e 4063 4081 +0.17
B 1 |* SM compatibility of 5-POI fit: p-value = 3% (1.9 o deviation) | |~ = 100 g 001142)
- g — H +0. +0. +
TR |e La ' lation (42%) b WH and ZH =
O S SR | rge anti-correlation o) between an \ N i | s 5 o o
. . . . .| - 241 221 -0.98

Multiclass BDT output

( O-VH,exp

STXS Bins

- Total VH measurement: oy = 5.9+ 1.4 fb
—4.53+0.12 fb)

“sM compatlblhty p—value 60%

8
YY) <YV
c"'Iogy,
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Production Cross Section Measurements

H->Z7Z*->4]l @ 139 fb-!

e 12 STXS categories (based on Stage 1.1)

e 12 Signal Reco categories: based on number
of additional jets and leptons in the final state

e +5 77 Sideband categories:
m41 €[105,115] U [130,160] GeV to constraint the

non-resonant ZZ* background

* Neural Network as multivariate discriminant in each
category, used as observable in the fit

@ 25 [rrroprer e
S ATLAS ¢ Data X 1
> H- 2z — 4l ver Mz 1
w Vs=13TeV, 139 fo” [ ggF+bbH | XX, VWV
20 115 < m,, < 130 GeV VH M Z+jets, T
2j with NN, < 0.2 WttH+tH % Uncertainty
15 .
- ]
10 ]

5 I

V7

77777 _____________

0 0.2 0.4 0.6 0.8 1
2/

NNyge

Events/2 GeV

B R R N RIS R
ATLAS ¢ Data X i
H—2Z* - 4l [ ggF-+obH M 2Z ]

100 Vs=13TeV, 139 fb" VBF XX, VWV ]

[ VH M Z+jets, tt
WttH+H % Uncertainty
80

40

20

130 140 150 160

m,, [GeV]

,Q'@

S

Q\&’?

zz0
ATLAS ot ]
H— ZZ* — 4l 7y ———— ]
Vs=13TeV, 139 fo" o[ . ]
Production Mode - |y | <2.5 TFTE T T
H NN,
—&— Observed: Stat+Sys SM Prediction
[m] Observed: Stat-Only p-value = 91% o8] (0B),, [l
ggF ca 1120130 1170 + 80
VBF - 110+£40 92020
61 27
VH 75 52410
tH £ 26% 154710
Inclusive = 2] 1340+ 120 1330 + 80
| | | I
6-B/(c-B)
SM

Production XS SM compatibility: p-value

arXiv:2004.03447

EFT Interpretation

CHB

91%

ggZH-Oj-p:’-Low
ggZHroj—p:rHigh
gg2H—1j—p;‘—Low
gng-1/-p:-Med

9g2H-1j-p""High B

9g2H-2j
gg2H-p:-High
qq2Haqa-VH
qq2Hqq-VBF
qg2Hqg-BSM
VH-Lep

ttH

ZZ-0j —
ATLAS i 1
H— ZZ" - 4l P — ]
s=13TeV, 139 fo’' wx [ . |
Reduced Stage 1.1 - ly, <25 T2 14 16 18
—&— Observed: Stat+Sys SM Prediction R
[m] Observed: Stat-Only p-value = 77% 0B [fb] (o°B)g,, [fb]
a3 170455 17625
tm3 630+ 110 550 + 40
a3 50 + 80 17225
a3 170+50 119+ 18
h s B
B E—=— 9%is 204 |
a3 40+75 127 + 27
i I 3812 154 |
» 21£35 13.8°0%
I 64 4
B ] 150 ", 1076135 |
] : 05"7% 420:0.18
- a——3 222 16.4£0.4
~ : 26 1.0
| E—a——3 25°0 154717
1 Il Il Il Il Il Il 1
6-Bl(c-B)
SM

-3

:Y TTT ‘ TTTT ‘ TTTT TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT I TT Tt
r + Observed best-fit ]
?ATLAS Observed 95% CL
FH o 22 > 4l « SM ]
T Vs=13 TeV, 139 [ SM eXpeCted 95% CL
E Best-fit p-value: 0.88 E
:1 111 l 111l l L1l l 111l l 111l l I l 111l l 111l I 11 11:
-5 4 -3 -2 -1 0 1 2 3

CHW

EFT CP-even and CP-odd couplings

EFT coupling Expected Observed Best-fit  Best-fit
parameter 68% CL 95% CL 68% CL 95% CL value  p-value
CHG [-0.004, 0.004] [-0.007, 0.008] [-0.005,0.003] [-0.008,0.007] -0.001  0.79
CuH [-8,20] [-14, 26] [-12,6] [-18, 30] —6,18  0.50
CHW [-1.6,0.9] [-2.9, 1.6] [-1.5,1.3] [-3.4,2.1] 0.5  0.66
CHB [-0.43,0.38] [-0.62, 0.60] [-0.42,0.37] [-0.62, 0.59] -0.03  0.98
CHWB [-0.75, 0.63] [-1.09, 0.99] [-0.71, 0.63] [-1.06, 0.99] 0.1 093
uG [-0.022,0.022] [-0.031,0.031] [-0.019,0.019] [-0.029,0.029]  0.000  1.00
CiH [-26, 26] [-40, 40] [-37,37] [-50, 50] +21  0.48
Cuw [-1.3,1.3] [-2.1,2.1] [-1.5,1.5] [-2.4,2.4] +0.6  0.84
Cui [-0.39,0.39] [-0.57,0.57] [-0.37,0.37] [-0.56, 0.56] 0.00  1.00
[ [-0.71,0.71] [-1.05, 1.05] [-0.69, 0.69] [-1.03, 1.03] 0.0 1.00

STXS SM compatibility: p-value = 77%

ICPPA 2020
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Production Cross Section Measurements

Signal Strength

%‘p

Observed signal significance

VH, H->bb @ 139 fb-!

0'.0 a0 arAs T T
Q% % *?Tﬁ‘:TeVHbe" -thH—)bb(H_117): AL DL A R R R
% g 35? 0+1+2 leptons I Diboson ; ATLAS VH, H— bb @:13 TeV, 139 'fb-1
* 5 STXS categories (based on Stage 1.2) ERE e A —Total | —stat.
. . o0 é Weighted by Higgs S/B j v Tot. (Stat, Syst.)
* (Categorization: based on charged lepton 5 2% E Wh 0.95 02 (w018 019
) *« e . ° « e E - . - -0.25 -0.18 » -0.18
multiplicity, pt¥ and jet multiplicity 5 ] 400
* 14 analysis regions split in three categories: 1 § 3 E - o 108 93 (017 w00
] : . . . E ] - -0.23 A ’ 0.
Signal Region and 2 Control Regions enriched in S E 530
. - = F Y N Shhbbhbbbbbi] A bbbkl
V+jets and tt i :
P F N E Comb. -4 6 7 O 1.02 fg.:;s (:,31112 tg.;g )
. E k1|111l111l111111l111111111111|f . - . ’ .
(] o v b b b b by b Ly Ly g
- 42 Reco categories 2 40 60 80 100 120 140 160 180 200 R R T TR Ry ey ey
* . * . . mbb [Gev] ubb
* BDTVH designed to discriminate the VH signal from vH

the background processes and used as fit observable

STXS in good agreement with SM

Constraints on EFT couplings

. g E ATLAS VH, H — bb, V — leptons cross-sections E
& 10 s 2 pata E & F \sc1aTev 139" ® Obsered =Totunc. —Statunc. ATLAS Vs =13 TeV, 139 fb"
> {5 =13 TeV, 139 fb” I VH, H > bb (1=1.02) ™ 10° ’ —Expected [ Theo. unc. — —68% CL ---95% CL VH,H - bb, A =1TeV
12} ! I Diboson @ 10° g 3
5 2leptons, 2jets, 2b-tags g 74jets ] X = 3 B Linear (obs.) Linear + quadratic (obs.)
& pY = 250 GeV Top Q - : b
Uncertainty | Im“’ r V=W ! V=2 n e Best-fit (obs.)
cl:-:t ba:%grozund E < 102 - : = Linear  Linear + quadratic
— VH,H - bb x ] & g E 68% CL 68% CL
] = | 3
. 0 = i E —_—— - Chgs [x 10.0] - [-0.017,0.029] [-0.018, 0.026]
E = t | — % 3 ¢y, [x5.0] —— [-0.081,022]  [-0.19,0.10]
. = ! 3
5 : ] oy [x 2.0 R [017,021]  [0.24,0.18]
3 15F | T T T w b 2.0] v
C , ]
s E I : . A G [ 0.5] e [-0.46, 1.3] [0.44,1.1]
_0'15:4\‘ ‘ \‘\\\‘\\\‘\\\‘\\\ ‘ '(‘% 05_ $ 1 i —
£ 1 bt 1. - l o C ' ] L R . —e [13,3.3]  [-10,3.8] U[29, 43]
3 _+_ O 150 oW 75 » 50 N , I S B S N R RS B
© 0.5 b P A | Lovily e [ Spwr T 25 Spet Sp3t T =250 D) 0 > 4 6 8
B 08060402 0 02 04 06 08 1 T S25, Geyy T S5 T <25 Gelr B
BDT,,, output Ge ey Parameter value
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Production Cross Section Measurements
H->WW 2evuvand H> 11

36.1 fb-! ggF categories

H->WW*

Hé‘[‘l’ Phys. Lett. D 99 (2019) 072001
e 36.1 fb-! Analysis targets ggF and VBF

e AN T SR A AV , A .
* 36.1 tb-1 Analysis targets ggF and VBF production g 1800- ATLAS é Ho EH production Categorization with N, >2 for VBF
— 1600 H->WW*—evuv, Nt <1 tt/wi ww R R
Categorization based on N]ets = 0,1 (ggF); 22 (VBF). CRS ‘g 1400k VS =13TeV, 361 fo” =ilvr [ Mis-id Eq and p]"n> 100 GeV fO]’_' hlgh-er (malnly ggF),
used to estimate backgrounds. Use of BDT in the VBF |* 1200 '@ CRs to constraint normalization for main
category. : % backgrounds. s T
o @F ) BH_*WW* — 1141—%% pb 222' 3 . & S 150}‘J4Tl1-3A'I'sV 361" Ezaffg‘(‘iﬁ%;{
F0.20 1] 400 = * Fit performed on m,,. T L aisme = s g
|5-VBF ’ BH—)WW* — O'50—0:28 pb 200F ® 51001 ' o Uncarany
oW "Dt R o |
2 300r ~ g L
Expected: 10.4 £ 0.6 pb (ggF); 0.81 £ 0.02 pb (VBF) S g ;
Observed ggF and VBF signals have significances of 6.0 | = - \° =
and 1.8 0 - low significance for VBF o HE g |
1 ‘ ‘ ‘ 60 80 100 120 140 160 180 200 2:3 [;:(\)/] Measurements § e ‘:g
139 fb-! Preliminary analysis targets VBF consistent with SM o e
. ‘e . 139 fb-! VBF SR + CR mizz'® [GeV]
Improve the VBF signal sensitivity with DNN. > |z e
030 S TAmas Ty I wr . E 5 oo Cow ]
Over - Buwws = 0.857037 pb) ot oEam, e | (e R
T O 0.4~ .
Observed VBF signals o2 o2l ]
i D 1
L[] . . I ; ;
significance of 7.0 o 2[5 s E
° * * o i 1 | P | | L]
First Observation of VBF in H>WW* e omon wimn © | L 20 E e e o
CRs DNN output in SR -31 ol Ipb]
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Production Cross Section Measurements
Searches H=>inv, H=>Zy and H->up

VBF, H=»inv @ 139 fb!

e  Probe possible Higgs decay in WIMPs (Dark Matter

candidates)

*  Categorization based on N, , m;; and A¢);; adding CRs
to constraint V+jets and multi-jet background processes.

e Results

Assuming a SM cross section with my = 125 GeV
Biny < 0.13 @ 95% CL

H-Zy @ 139 fb!
* Search Higgs decay in Zy

e  Categorization based on jets and Zy system kinematics.

Use of BDT for VBF category.

Observed significance of 2.20

MH—)Z’Y = 3.6 X M

SM
H—Z7y

Search a resonance at 125 GeV in the invariant mass
spectrum m,,, for pairs of opposite-charge muons,

Categorization based on number of additional jets and
leptons in the final state. Further split for ggF and VBF

Observed significance of 20

< 2.2@95% CL

— T
ATLAS
e Total

VBF categories

Combined

T

VH and ttH categories

P

—
Vs=13TeV, 139
Stat. [ESyst. | sMm

ggF 0-jet categories —@—]

ggF 1-jet categories —-
ggF 2-jet categories —@—

=

HH
| IR

—
fb!

—+&s=—- 50 £35

LI L S B B B B

06 £12 (£12, +

P

H— pu
Total Stat. Syst.

£33, +1.1)

H

3

1.
0.3)
03)
0.3)

+
o N o
I+

3
1.8 1.0 ( £1.0, £0.2)

12 :06 (£06, o7)

0 -5

0 5

R
10 15 20
Signal strength

H->uu @ 139 fb!
®
dominated by Drell-Yan contribution.
[ ]
using BDTs: 20 categories.
Ha—pp
3 T Atias + Data E
N 600 Vs=13TeV, 139 fb" —Total pdf
% 50(;; H - uu, In(1 + S/B) weighted :ngﬁar',dpfdf _;
@O 400F- =
B = =
£ 300F E
Ry e ]
(] — -
e 200F E
100F =
g 1
m ) l
g Lt b4
o T
110 115 120 125 130 135 140 145 150 155 160
m,, [GeV]
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ATLAS-CONF-2020-027

Production Cross Section Measurements STXS

. _1 —
ompine E€SUl1ts ATLAS Preliminary
Vs=13TeV, 139 o' 4014 4012 +0.07
' B, /B 14+ Y
m,=125.09 GeV, ly, | <25 e 107 12 (ot —008)
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r ] ol 1 o/ ZZ U B Lo e
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Production Cross Section Measurements

ATLAS-CONF-2020-027

- M | ek i relimin T i
Combined Results @ 139 fb1|* 1 amaseeimme 2 v [
- Vs—13TeV,245-139 "  ..... Observed 68% CL ] 5 F m,=12500GeV,ly,1<25p =84% & | 3
1 2; m,, = 125.09 GeV, |yH| <25 — Observed 95% CL E: 10,1 L oo SM Higgs boson LW -
3 3 “CF g, =45% E i
Interpretation of Results in the x framework o ] il ]
Coupling modifiers to the SM particles: scale factor to XS and BR 1 0k .
Different level of assumptions: e s ]
* Universal coupling-strength scale factors k, (vector bosons) 09 E £ rab | | ;
and kg (fermions) = SM particle in loops 0.8 ] ¥ 1'2; :l ____________________ { { ________________________ :{:
. 0 3 Y . Il l Il Il ‘ Il ‘ Il Il Il ‘ Il :
e Generic parametrization with coupling-strength to W, Z, t, b, T 095 1 105 11 115 08, ‘ ‘ e
i : : 107 1 10 10?
and p independent < SM particle in loops Ky Paricle mass [GeV]
e Including BSM contributions in loops: effective couplings k
and k. Including BSM in loops ‘
. . . .. — ATLAS Preliminary
e May contribute to the total Higgs width, sensitive to ATLAS Preliminary - v oL U513 TeV. 245 - 13017  08% CL——
. . Vs=13TeV, 24.5- 139 fb”' 68% C ’
possible invisible decay (B,) and undetected decay (B,) my = 125.09 GeV, Iy | <25 o500 L M= 12509 GV, 1 <25 g5 oL
3 BSMg2 Kg - . B
2 J ] J : : : :
k3 (k,Bi,By) = 5 . 5 Ky —
H\ i Bu) = g R x, — B -
Bi. E<—| Kg 4—7
- B,=B,=0 T Py, = 70% 1 & i
B.. Py, =51% “ B,=B,=0 ‘*
i B, | gy =92% |
R L B
m—) with B, and B, # 0 m—
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Production Cross Section Measurements

Combined Results @ 139 fb-!

Interpretation of Results in the k framework

Coupling modifiers to the SM particles: scale factor to XS and BR
Different level of assumptions:

* Universal coupling-strength scale factors Ky, (vector bosons)
and kg (fermions) - SM particle in loops

e Generic parametrization with coupling-strength to W, Z, t, b, T
and p independent < SM particle in loops

* Including BSM contributions in loops: effective couplings k,
and k.

e May contribute to the total Higgs width, sensitive to
possible invisible decay (B,) and undetected decay (B,)

e Generic parametrization using ratio of coupling modifiers:
most model-independent coupling strength determination

ATLAS-CONF-2020-027

Definition in terms

Parameter Result
of kK modifiers

Kgz Kgkz/KH 0.98 +0.05
Atg Ki/Kg 1.04 +£0.12
AZg Kz/Kg 1.06 © 513
Aw z Kw/Kz 1.04 * 007
Az Ky/Kz 1.04 * 008
Arz Kr/Ky 1.04+0.13
Aoz Ko/ k7 0.96 * 11
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ATLAS-CONF-2020-027

Production Cross Section Measurements
Combined Results @ 139 fb-!

ATLAS Preliminary ---- SM
° ° _ i -1 ---- Expected 95%CL
Interpretation of Results in the xk framework | |F-orvze w7 GR0EG
R . R SHDM T - cos(B —a)= —0.005, tanp = 0.062|
Coupling modifiers to the SM particles: scale factor to XS and BR |« -
8
Different level of assumptions:
* Universal coupling-strength scale factors Ky, (vector bosons)
and kg (fermions) - SM particle in loops
. . . . . 100
e Generic parametrization with coupling-strength to W, Z, t, b, T
and p independent < SM particle in loops
* Including BSM contributions in loops: effective couplings k, ATLAS Proliminary —
and KyO i VS =13 TeV, 24.5- 139 b~ T Dnected St
. . . . 107166 =075 —050 —025 0.00 025 050 075 100 my =125.09 GeV, |yn| <2.5 x  Best Fit Obs. :
e May contribute to the total Higgs width, sensitive to cos(B - a) 2HDM Type o) - 0.001, o254
10t I

possible invisible decay (B,) and undetected decay (B,)

tanfB

* Generic parametrization using ratio of coupling modifiers:
most model-independent coupling strength determination

Interpretation in Two-Higgs-doublet models (2ZHDMs) 0|

Additional complex isodoublet scalar field. Different models based on coupling type:
e Type I: One Higgs doublet couples to vector bosons and the other to fermions

e Type II: One Higgs doublet couples to up-type quarks and the other to down-type quarks
and charged leptons

10

f
-1 L L 1 1 L L

-1.00 -0.75 -0.50 -0.25 0.00 025 0.50 0.75 1.00
cos(B —a)
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Conclusions

In LHC Run2 the enhancement of statistics allow to investigate Higgs boson properties, performing
precision measurements and probing its couplings with SM particles and possible BSM effects
e All measurements in good agreement with SM expectations!

e Mass, Spin - CP and Width: preliminary results with partial (36.1 fb-!) or full Run 2 statistics (139 fb-1)
in some decay channels
o Differential Cross Section measurements @ 139 fb-! performed by H>ZZ*->4l and H-yy, including new
interpretations to put constraint on anomalous Higgs couplings
e Production Cross Section in almost all the decay channels:
e Improvement of the sensitivity in the STXS framework
o First observation of VBF, H>WW?* (2> Ekaterina Ramakoti’s Poster)
e  Combined Results: main Higgs production modes observed with significance > 50
Search in H=>pp: observed significance of 26 y
Search in H=>Zy: observed significance of 2.20 i RanoF S

Waiting for new results with full Run 2 dataset!
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Thanks for the attention!



