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ATLAS is one of the multipurpose experiment working at the LHC at CERN

The Higgs production at LHC can occur through
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Decay channels:

*  H->ZZ*->4l: pure channel but very low statistics (BRy.. z+..q~ 2 + 10#)

*  H->yy: simple final state but low BR and large background
¢ H->WW?*->lvlv: good sensitivity but low mass resolution

*  H->bb-bar: huge bkg, best accesible via VH production

¢ H->t1: very large bkg, best accesible via VBF and boosted H production 107 =

¢ H->Zy & H->pp: low BR
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the following mechanisms:

ggF: is the dominant production mode,
088F/cTOT = 87% @ 13 TeV.

VBEF: whose signature is characterized by
H+2jet forward, ¢VBF/cTOT = 7%, @13 TeV.

VH: whose signature is composed by a H
associated to a W or a Z boson,
oVH/cTOT = 4% @ 13 TeV.

ttH-bbH: in which the H is associated to tt-
bar /bb-bar pairs, o!tH+bbH/cTOT = 29, @ 13 TeV.
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In this presentation: Run1+2 ATLAS Comb.
. ) my= 124.97 + 0.24 GeV
Run2: Higgs boson property measurements and their
> S0pTT T L B A R A
] . 8 45 ATLAS o g
lnterpretatlons E 45§ {5=13TeV,36.1 fo" — Fit ]
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* Production mode cross sections g ]
 Simplified Template cross sections (STXS) analysis measures o f
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3 80 tas T T Event selection (at most one quadruplet per event)
(5 o - [ Higgs (125 GeV) R
o 160¢ - ?_1>3ZTEV 1_:;91:,' e 1 Mass requirements 50 GeV< myy < 106 GeV  and 12 GeV < mgy < 115 GeV
g 1401 ", 7 Lepton separation AR L) =01
9 120f / 1 J/¢ veto m(¢;,0;) >5 GeV for all SFOS lepton pairs
w 100: Mass window 115 GeV < myr < 130 GeV
- If extra leptons with ppr > 12 GeV ~ Quadruplet with the largest ME
80f Rapidity lynl <2.5
60L . . . . . . C . .
sl Signal extraction: Combined fit of the my, invariant mass distribution, bkg
205 estimation from sidebands

Main systematics: Electron/muon reco and identification, efficiency and
% 90 100 110 120 130 140 150 160 170

m, [GeV] pileup uncertainties

c-B=0-B(H—> ZZ") = 1.34+0.11(stat.) = 0.04(exp.) + 0.03(th.) pb = 1.34£0.12 pb

(0- ) B)SM = (0- ) B(H B ZZ*))SM =1.33+0.08 pb ATLAS i] g;:ta uncertainties
Hozzoa e
=1 0F 008ty | 004(6Xp) + 0.05(th.) =1.01 +0.11 fs=13Tev,13910" HFioe 2.5, NNLOSNNLL + XH
gmf— st 5;905‘
The fiducial XS is extrapolated to the total g1ok * oF
8 14p 35F 70F
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S i . 25;— 502— L |
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Additional reconstructed event categories and discriminants
ATLAS |
are used to enhance the sensitivity to the various production Ho 22 d o O
s=13TeV, 139 b x| .
Production Mode - ly, | < 2.5 I P ¥ 1.'5Nm
mOdeS and BSM effeCts' —#— Observed: Stat+Sys SM Prediction -
[m] Observed: Stat-Only p-value = 91% B ] ("'B)sm ifo]
ggF XS: theoretical predictions and measured uncertainties i
ggF Eq 1120+ 130 1170+ 80
are of the same order! ver| e Hosao 20520
: : W - ; By el
Production XS measurements agree with the SM predictions = | :
ttH — 3 2% 1541
for the Higgs, within 1o level. ncusie| 5 aemp—
1 2 3 4 5
Prod and decay Mu_ 2_4_ L L L B B LB I G’B/(G’B)SM
- ATL AS + BestFit d
. h 22070 Observed 68% CL |
Couphngs Of the o H—ZZ* -4l —— Observed 95%CL - zo[ e
- V5=13TeV, 139 fo" + sMvalue - aTng y oo ——
nggs to fermions 1.8 Bestfitp-value =075 - f§=_1)3 TeV,1_>39 b zj: T
1 6: 7 Reduced Stage 1.1- |y, | < 2.5 S PR P R 1.'aw
and bosons can be ) - : i E:;g:::::: z:::é{; p-vaih::rve;’zm oBlb]  (oB), [l |
1 .4_ _ 9g2H-0j-p!'-Low | qua 170 + 55 176 + 25 B
. . . C a1 992H-0j-p)High | w3 630+ 110 550%40 |
lnveStlgated Wlth k- 1.2F ] oo2H-y-pLow [ a3 | 50:80 172425 |
C ] 9g2H-1j-p'Med | o 170£50  119:18 |
. r 7 g02H-1j-pHigh | |:—-—Aa 9' 0+4 |
factors (I‘atlo of BR 1: ] ooz [ a3 4075 12727 |
B B 9g2H-p¥-High | —a—3 382 154
08:_ _: qq2Hag-VH | : - 3 21435 138°0% B
and decay rates wrt 0.65 E s ver | s 150°% 076°38 ]
e b aq2Haa BSM | - 3 05'7 420+018 |
. . C | I T - | I T | | I - | | I I | | N | | I - ] VH-LGD - %.% 22 2?3 164104 —
SM predictions) 047 08 08 1 11 12 13 w e w3 e ]
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Diff. XS are measured for variables sensitive to Higgs boson production and decay

» 180F I l o 250 ‘ | |

The measured differential fiducial §1eof_a§§§44. Saimomen 1§ [ATLAS 0 iy
[ f5=13TeV, 1397 0 vy W oo [ fs=13TeV, 139 " ook B

cross sections can be used to probe 1‘2‘2 o o -t
possible effects of physics BSM 100 150 -
805_ 100 :

The leXm34 diffel‘ential XS iS used tO 603— 50 60 70 80 9om‘:o[oGe;Iw ?
o . _

interpret the measurement as a function

20
of pseudo-observables 0 0
. . Bin0 Bin 1 Bin 2 Bin 3 Bin 4 Bin 0 Bin 1 Bin 2 Bin 3 Bin 4
 sensitive to higher-order electroweak My VS. My gy vs pY
corrections to the Higgs boson decay Flavour-universal
* sensitive to BSM contributions contact terms
. . , & e e ] % o g ae % s
The pT4t differential XS is used to og-ATLAS L oot ] SATLAS oy g
| H>ZZ" > 4l — 95%CL. i 2o H — ZZ" — 4l — 95%CL. -
. . - Vs=13TeV, 139 fo' * SM 1 E Vs=13TeV, 139 1b" * SM ]
constrain the Yukawa couplings of the 0.6 et Fpvaie:065 1 tstsearpaen E
Higgs boson to b and c-quarks 0.4~ 1" E
L 5 -
*+ sensitive to higher order QCD corrections 02 _ o E
to Higgs boson production o ; 5 A
+ sensitive to charm and bottom Yukawa _ 1 E
X _0'21_1“““11 T T P e —-15, L L L L L
Couplmgs —01.5 —01.4 —o'.s —01.2 —cl).1 (I) ol.1 o.lz -|4 —|2 (li 2I ‘lt
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The strength and tensor structure of the Higgs-boson interactions are investigated following an

effective field theory (EFT) approach in which additional CP-even and CP-odd interactions can

change the event rates, the kinematic properties of the Higgs boson, and associated jet spectra, from

those predicted by the SM. Contributions from New Physics in the differential cross sections are probed

as non-zero values of the Wilson coefficients of the dimension-6 operators of an effective Langrangian.

LsmyerT = Lsm

_+_

Scale of new physics (1 TeV)

Wilson coefficients

Dimension-6 operators describing new physics

A TLA S Expected: Stat+Sys A TLA S Expected: Stat+Sys
Only one Wilson H—Z2Z* -4l ~——m—— Observed: Stat+Sys H-adZ" 4| ~—m—— Observed: Stat+Sys
Vs=13TeV, 139 fb o Vs=13TeV, 139 fb™! )
L. . SMEFT [m|  Observed: Stat-Only SMEFT [m|  Observed: Stat-Only
coefficient is
fi tte d at Best-fit  95% CL Best-fit 95% CL
. . Cow!| - - 05 [-3.4,2.1] oo —E - - 3 +06 [2424]
a time while - : . - : -
Cup —43 0.03 [-0.62,0.59] 453 3 0.00 [-0.56,0.56]
all othersare ¢ [ i o1 pang | B . 00 F010 |
set to zero. Cha - 102 0001  [-0.008,0.007] Cg| =45~ 10° 0000 [0.029,0029]
CuH !E,=W'I;E*4‘7?; .5.102 -6,18 [-18,30] CFJH — - E - —3 .5.102 + 21 [-50,50]
| | T U [V | S M L. T R |
-2 0 2 4 6 -2 0 2 4 6 8
Parameter Value Parameter Value
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Selection:

- Photon isolation, Ey;>0.35m,,, E;,>0.25m,,, |n| <1.37 or 1.52<n| <2.37

- Mass window m,, € [105-160] GeV g 30005 4 Data | 5\{5\3%\8}}%@;{4 E

_ JET: lyl<4.4 and p; > 30 GeV (25 GeV in STXS) gzzzz: e around IR

Signal extraction: Continuous bkg with a mass fit, 3 1500i (17S/8) weighted S”m_i

bkg estimation from data B1000E Tt eeenneny E

Syst: bkg modelling (dominant), signal modelling, exp. systs. B jZZj . . , . . i
@ 5o 3

Fiducial inclusive XS: § ope | | | e
§ 110 120 130 140 150mw [Ge\'ll]bo

(0 X By )obs = 127 + 10£b = 127 + 7 (stat.) £ 7 (SYSL) D e e

ATLAS Preliminary
—_ Vs =13 TeV, 139 fo"! e Total Stat. [ Syst. | SM
(o x Byy)exp =116 £ 51b Hooyy. m = 125,00 GeV
H Total Stat. Syst.
L
. F + bbH teq 1.02+0.11 (+0.08,+ %
STXS -> 27 categories based on the reconstructed event |* S
VBF o 134+ 0% (+0.18,% 01
properties, to target the different production modes and the
WH —t—1 233% (5 (£ o4 % 10 )
different STXS regions M —— 064% £ (2 0% % 30
. : e - - e o 0s2x 13 (x 0% 2 0%
Stage0: truth level splitting of the Higgs production processes [t +t : *om (% oz 0% oar )
o . o g, . . . lIllIllllllllllllllllllllllllllllllllll
« Stagel: Additional splitting based on Higgs kinematics and 2 -1 0 1 2 3 4 5 6
o, /oM

associated particles to be measured when exp. sensitivity allows /
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1 1 1 1 . 10 — 80 T
leferentlal flduC]'al XS ® g ATLASI Prelimilnary II-l—»yy, vIIE =13 T;V, 139 ft;“ £ ATII.AS IPreli;ninel;y I IH—’;';', \(TIS = 13l Ter 139 Ifb“
) -¢-Data, tot. unc. X\ syst. unc. ;i -¢- Data, tot. unc.  \\ syst. unc.
. . . . = + )
Results are consistent with SM predictions ay B g9—H defauit MC + XH 2 sohdy B gg~H default MC + XH
& [Bl NNLOJET @ SCET NNLO @ NLL + XH g NN [ gg—>H SCETIb+MCFM8 + XH
p (X 2) with 83 151 XH = VBF+VH+ttH+bbH =1 XH = VBF+VH+ttH+bbH
Distribution . o 40
Default MC Prediction 10
2 44%% 4
[ 20
Iy.yy I 680]0 102
P 77% [e—
¥ X 0 1 | 1 1 1 1 1 hasais "
Njets 960]0 B 2 B15 '
£15 5 R
Agj; 82% El g \
s 1 3 L .
mj;j 75% $ 2 * N N
& . . . . . X @050,
0 50 100 150 200 250 300 350 0 02 04 06 08 1 12 14 16 18 2 22 24

P! [GeV] y i

w

EFT approach with additional CP-even

. , , . ATLAS Preliminary g op oo o | e
and CP-odd interactions to investigate | H 5y, (5213 Tov, 130157 M Observed 68% CL | = ATLAS Proiminary ]
SMEFT Interference-only Observed 95% CL % Fogf . Vs=13TeV, 1390 ”s
= K, =
possible BSM hints: = s —— S A ket
CjHG b ]— § —SM:k, =1 ]
Higgs pr spectrum is sensitive to the Cye [107] HE 2 { . 4oaa i
: : Craw [107] N— — )
Yukawa couplings of the Higgs to thec ™ _" '} {10
Crny =
and b quark: differential cross section ¢ (409 m _
. = | @ 1.5t
for different values of i, Cyp 1077 Ll e 4
‘ e R
dine to th d1 Cops [107] 5 050
corresponding to the upper and lower ™ | | : e
Hws L M A P pz“l [GEV]

limits at 95% CL 45 4 05 0 05 1 15

Parameter value
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Higgs boson differential cross- g 1ooi P ',,,;;, BRRARA SRR R
L] L I i
section as function of ptH 1 [ bHope MHozzesy BRSO scle meSTaly ]
bQ i ’ Combined data Il |otal uncertain Y (scale @ PDF+a.) i
~20% precision per bin (except 801 W Eystometipurceridiny pSM: 969 ’
highest bin) sol + F
-> Stat. unc. dominating i ]
40 5
> 1gf AILAS Preliminay 'y covieiga i ]
O TE Vs=13TeV, 1391 5y : o0k Vs=7TeV, 45fb" -
"é 1.6 L HoZZ'>4l e i Vs=8TeV, 20.3b" T
T 445 B NNLOPS K = 1.4, 4+ XH ] i Vs =13 TeV, 139 fb’ |
Q. - ] PR | SN GRS | S SR S G | S0 SN | S PR | VS | Y YD MU | [
L Y pM: 78% E T 8 9 0 11 12 13
S c oL Ve el
e ‘ 3 Combination (ppH XS): 55.4+43 4, pb
0.6 * = « ~8% precision
0.4 fepraes -
= $+LJ|J.'A1_. 3+ stat. and syst. unc. of the same order
0.2F o o .
0_....I....I....I....I...ll...‘l....i'ﬁn‘.'g'iﬁ...g.]ﬁ.ﬂ . . )
1 .4,:1| | | R I TLET | rTTT | AL I TTrTT | R | rTTT I TTTT | T ° predlCtlon‘ 55.6 i 205 pb
> 1 of . : :
8 1-21 oo Tl Higgs boson production cross-section results
E ' : : :
E 8-2: o + b are in good agreement with each other and
D & 1 i Y 1 | 0 0 1 { I ] 1111 Ll L0 1111 111l 1111 111

0 10 20 30 45 60 80 120 200 350 1000

p Gev]  the SM prediction
TH
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The H->WW*->lvlv decay (1.5% of the overall final states)
Characterized by: TP T T T
& sk ATLAS Preliminary T
- the presence of 2 leptons with small opening angle 27T s=13Tev, 130 0" * Bestit
:I18-— H - WW* - evuv szSS%CL_'
- requiring different flavor leptons (my; >10 GeV, pr >22/15 GeV ) 1 ' ]
S 16l- ]
- 2 neutrinos (MET, pyMiss > 20 GeV ) > ;
141 -
OggF * BH—)WW* = 124+1.5 pb 12:_ _:
= 12.4+0.6 (stat.) + 0.9 (exp syst.) *0-7 (sig theo.) + 1.0 (bkg theo.) pb . .
over - Buowwe = 0.79 ¥ pb “F E
= 0.79 *11 (stat.) *0:0% (exp syst.) *0-13 (sig theo.) *0:98 (bkg theo.) pb, B S ¥ S ¥ R I R— '

O-VBF' BH_> WW* [pb]

-> SM predicted values of 10.4 = 0.6 pb and 0.81 + 0.02 pb

: ATLAS Preliminary k8 Towl
[ Statistical Unc.
for ggF and VBE, respectively 52 TaTov. 131" = Sttiteal Une.
H > WW* > evuv I SM Prediction
. . . p-value = 52% Total (Stat. Syst.) SM Unc.
STXS cross-sections measured in 11 categories T R
) ) Lo L 9aH-Y. p} <60 GoV 085 "0 (0%, 0%) | som
Most analysis categories are statistically-limited o4, 057 <120 Gov 073 9% (145, %) | sose
goH-1. 120 5p'' < 200 Go 146 0% (10%, 5% | soz
oh- oh-m.. : i 153 7 (708, 9T) | som
(high-pr and high-m;; categories are stat limited), ot A -1
. EW ggH-2/, 350 <m, <700 GeV, p' <200 GeV | || —0.20 085 (v 4038, L ig13
Wlth some ggH modes affected EW qgH-2], 700 $m, < 1000 GoV, p* < 200 Gev el 050 0B (10 0y 1 o
EW qgH-2j, 1000 < m, < 1500 GeV, p* <200 GeV 107 0% (108, 05 ! sod0
mostly by background theory uncertainties. =~ ==z ez E o8 cam Gtsnotill f S0
EquH-zl.m‘/2350GeV,pT2200GeV 143 Toa ( Zosss oas ) ' +0.09
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Fiducial and differential XSs SM pp->WW (36 fb™!)

= 1 — — . T . =
& F ATLAS ¢+ Data2015+2016 E
o 1 d. 1 . og e S 3 12 L Vs =13 TeV, 36.1 fo'! ] Stat.® syst. uncertainty ]
pr leading lepton is sensitive to SMggr operators =10 o vy EEEE] INNLO(q)sNLO(g)]SNLO(EW)
3 E &3 Powheg-Box+Pythia8, k=1.13 * 3
2 E&Z Powheg-Box+Herwig++, k=1.13 *
Q 10 ) g++, -
° i f h SM h difi d diff XS I E T, {5 Sherpa 222, k=1.0* E
impact of the grT Operators on the yu modifiers and di g e e, " comb. w. Sherpa+OL ggWW, kel7 -
L - a
s T s
= * 7
. . . . . o oy 4
 Resulting constraints agree with SM within 2o or better of r .
F St ]
10 g 3
ATLAS Preliminary | —— HWW+SMWW E 3
e /5=13TeV, 36.1 o~ HWwW r T ]
ATLAS Preliminary o Bestfit SMEFT A= 1TeV Ll 1073 = ,l WW&&?
Vs=13TeV, 36 fo~' — 68%CL 1_4;_ _;
pow = 53% stat. o : 4|"— 12F =
= SYS © E o e
To04 002 0 002 0.04 © L W
Iyt > 300 GeV R e 0.8
! @ - 4 S, 0.6
Hq —_—t— | - =
pW . 220-300 GeV _-— N i g 14
e o = |'E 1.2 ‘# *
142, 175-220 GeV oy o 38 ?x&mw’x
W 150-175 GeV - 06 04 -0z 0 02 04 06 0.6 |
g : = 30 40 5060 102 2107 3x107
1, 130-150 Gev - o == pead?[GeV]
T o —e—
il —
ww - T T T T T T T T . T T T
uﬁ'r""""’ 110:130.GeV e il Chu S e B and ATLAS Preliminary — 68 % CL ATLAS Preliminary — 68%CL
" VE=13TeV,36.1 101 e 95 % CL VE=13TeV,86.1fb~" e 95 % CL
u:f;ﬁ,.,, 100-110 GeV “- Fha [ = SMEFT A = 1 TeV © BestFit SMEFT A= 1TeV © BestFit
u — =
ul,, 90-100 GeV - N 1
T Ci —— dn d
"HG,uG,uH "HG,uG,uH
1/ . BO-90 GeV - a0 . . . . .
o —0.04 002 [} 002 004 004 002 0 002 004
Hyfetiep. 70-80 GeV L= 3 2 1 o 1 2 3 :
a
(_1;’](11'”(” o S I Lﬂl]ﬂ‘,mw ........ —_—
ww G-
U, 60-70 GeV - i = ol e i I
I, Iq®),Iq" id, Hd, Hu, Hg"  Hg® lulq™), g™, 1d, Hdl, Hu, Hg(", Hg®
S
ym,.,, 50-60 GeV - e —— ol s
T p VRV p— Iu,lg®,Iq™",id,Hd, Hu,Hg'") , Hq® I, 1q) I, Id, Hd, Hu, Hq'" ,Hg®)
——
”%w- 40-50 GeV o= i —e —2 1 0 1 2 —2 —1 0 1 2
up,YWW,,,,h,, 27-40 GeV - cant —— o " b
Crwe —
H ZQI%W i Gow . — d:)ﬂymn B "J::]m,mw >>>>>> E=| h
M’JS’FW ————— Crop cl’:!ld”.fq"l,ktﬂd. Hu, Hat, Hg® —_—— ‘Jl:.]lq(’l.ht"./d,Nvau.Hd".Hm" ........... I ——
; | | | iG55 ; cne = cl!:?lq‘”.‘q“l,MW.HU,HWI,HQW -1 51,:,],.,(:>,.¢u,m,wm,yw),m,«:» =
-1.5 -1 -0.5 0 0.5 1 1.5 . L . L
” =15 -10 -5 0 5 10 15 1 L ! 1 L 1 1
Signal Strength w.r.t SM () Parameter Value -30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20
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H->pp H->11 [Phys. Lett. B 812 (2021) 135980, ATLAS-CONF-2021-044 | N F N &.I!Tnﬁé

LNF
H'>uu L A N I LR
ATLAS Vs=13TeV, 139 16" H - up
The signal yield is obtained by a simultaneous binned oiTot st mSyst | s Toul it Syt
maximume-likelihood fit to the m,, distributions of 20 CEEEEREE | SSSESENS SS S
ggF O-jet categories —@— -04 £16 (15, £0.3)
Categorles ].n the range 110_1 60 Gev ggF 1-jet categories —— 24 +12 (£1.2, £0.3)
1 =1.2 £0.6, significance observed (expected)=2.00 (1.70) 0o 24t categories. S D612 {2y =03
VBF categories l|—!—| 18 +1.0 ( £1.0, £+0.2)
H -> TT Iccu)mfﬂn.edu | IR I'-:C-ll PRI B! .1i2 |i ?Aeu(ui?ﬁl’ ‘tglf |) |
, _ 10 -5 0 5 10 15 20
Signal region: 100 GeV < mypc < 150 GeV Signal strength
At least two neutrinos in the final state -> Find most probable Higgs boson mass myc
abs +0.37
(o0 x BR)*™ =2.90+0.21(stat) "3, (syst) pb
. Tt gt 10 ET ATLAS Preliminary H — 1t cross-sections (ly | <2.5) 5
. Strong constraints ATLAS Preliminary H - tt s=13TeV, 1391 | &  E \5-137Tev,13915" o Observed—Tot. unc. — Stat. unc. -
on VBF XS- = Total —Stat. Theo. lyHI <25 :55' 1E pSM=95 % — Expected [] Theo. unc. E
‘ ST TSErSystT\ o~ [ E
: EW e ¢ L N
observation of VBF ttH . 153 13 (%6 ‘osi) e 5
process at 5.3 ¢ VH| bt 0.95 %57 (%3 a) 108 E
+ STXSin9 GoF| v oos %y (e _wepl IM 2 0
1 +0. +0. A __ 1 i i _:
categories VBF|  vep 089 577 (8w L) 2 b ! | BE
o T e e e g s - SN SR T
* Results in i ooz WE(REEE) @ o W ¥ &g
a reement Wlt me“ : * [60, 120] [120, 200] [200, 300] (300, [ [0, 202] : ) |
g (GXB)meaS / (GX B)SM sl 352;]Iuon fus[i%naf(ggaZ(—) qq)H R E[GS;BLZS]V(—[?zgiH[ E ttH

Giada Mancini (LNF INFN) TeVPA 2021



L (e | (CINEN aTkas
LNF EXPERIMENT

H ->bb Main challenge at the LHC: large QCD background

R L UL I I I I I R I
VH(V—¢£f, H—bb) resolved: ATLAS VH, H—bb Vs=13 TeV, 139 fb”
—Total - Stat.

Higgs boson candidate: 2 small-radius R=0.4 b-tagged jets 2 e/ or Tol [T S

1 e/ u+MET or MET from leptonic V decay (Z—vv, W—Lv, Z—(L) T H;.LH 0.95 1027 (1018 w019

* VH(V—tt, H—>bb) measured at 6.7 (6.7) c obs. (exp.)

+ observation of ZH(Z—£t,H—bb) at 5.3 (5.1)0 obs. (exp.) " S 1.08 2 (1. %0)

+ evidence of WH(W—£tv,H—bb) at 40 (4.1)o obs. (exp.) .| "T“1ozj}$(£}$83§)
RN WY} "'é'é' AT

VH(V—tt, H—bb) boosted: o

High-pr “partner”of VH (V—££, H—bb) resolved
* BSM scenarios predict deviations from the SM at high py
« simultaneous measurement of pyy and 1y
* analysis is statistically limited:
VH(V—tt, H—bb) measured at 2.1 (2.7) o obs. (exp.)
VZ(Z—tt,Z—bb) at 5.4 (5.7)c obs. (exp.)

Giada Mancini (LNF INFN) TeVPA 2021
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B

VH(V—tt, H—>bb) combination of the resolved and boosted analyses

STXS meas. compatible with the SM expectations with uncertainties between 30% and 85%
« statistical and systematic uncertainties of the same order of magnitude for pry <400 GeV
* highest pry bins are limited in sensitivity by statistical uncertainties

Test presence of BSM physics via effective Lagrangian operators:

o(qq—ZH), a(qq—WH), BR(H—bb) parametrized as linear/quadratic polynomials in ¢;

B e e G e SR e E = = 5 ATLAS Preliminary Vs =13TeV, 139 fb”
ATLAS Preliminary VH, H — bB {s=13 Tev, 1397 | &= = ATLAS Preliminary VH, H—bB, V — lep. (resolved + boosted) —68%CL --95% CL VH,H —Dbb,A=1TeV
Q = -e- Observed — Expected Theo. unc. _fi
® Obs. =Tot. unc. —Stat.unc. ~ Theo. unc. >mi’ 10° -1s=13TeV, 139 o -+ Boosted (PLB 816 136204) 5 e e
E ; - Resolved (EPJC 81 178) H Resolved (EPJC 81 178)
Tot. ( Stat, Syst.) X oL ] - Combined - = Boosted (PLB 816 136204)
12 107 = = m Combination
WH, 150 < p** < 250 Gev FeH gFe 52 {93 1) o° = :—ﬁ— E
; 4041 4035 +0.20 F ! _ - Linear parameterisation
WH, 250 < " < 400 GeV/ 1-p=1 0r B4 (198, 020 X0 || ___________ : -
wi 1092 (4077  +0.49 2 E = ' 22 - = ¢y [x 10.0] -EaET
WH, p;" > 400 GeV b—eo—H 154 " o (-0.72 _0:40) zk = I | ! T B q
e}
ZH, 75 < pl' < 150 Gev F—¢— 0:98 "2 (0, 003 1 E ' —= Cy [x8.0]| e —_—
71 | 1.06 03 (m.n +0_22) - V=W V=2 -
ZH, 150 < p;" < 250 GeV 4 033 \-027' -019 s 5 ; Cyw [x20]] s —_—
ok . -
: +0.40 4036 +0.17 7]
ZH, 250 < p* < 400 Gev I=g=1 097 %% [(Hs8, 017 “ ) g 17 H . —
L 1 = % .
IH, 5> 400 Gev "_\‘_.' | ‘ ()_29I ﬁ:g:l ( g[ég, ?;gg) % oF ” t ! * ] Lin. + quad. parameterisation
........ K 5 @ -
w. 2 cie [x 10.0 S
0 1 2 3 4 5 6 B 8 750 Spo “/.1250 <P W,tpT s 400;5 T,Dz,tT 7750< 2,1250< Z,zpr ‘s 40, G Ha [ ] e
X i T S25, IS4 ey’ S150 AT S350 T S el
G X B normalised to SM %0 Ggy, 00 G, Gely “0Gg, "PGe, ~ ¢, [x50] = —=a
Crw [x2.0] N —— = o
VBF (H—bb) measured at 2.6 (2.8) ¢ obs. (exp.) : TN i T

-3 -2 -1 0 1 2 3

MV BF,H—bb — 0951_8%% (Stat. )1_8%3 (Syst.) Parameter value
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"~ INF
VH'>CC A PR S PR T R
L. ATLAS Preliminary [Jtto
Best fit Slgnal Strength ATL;IAS P]relimi;lary \IIH,H—I>06 VI§=13T]eV, 13£Ia b V5=13 TeV, 139 b éf:ected
—_9+15 —Total  —Stat. (Tot.) (Stat., Syst.) oo T i
HVH(CC) - 2 B 0 lepton
o] e . o + + ¥ Exp.= 40 x SM
compatibility with SM: 83.9% e 8 (W) g o
1 lepton
+ Stat and syst uncert. of | et 16 % (2, B) | Eep-cxsw
similar size
) ) 2L ———i -4 2% (18 7)) gﬁg’%ﬁ )
* leading syst: V+jets/top S T E—
. Comb 9 s (M0 w2 Gombipatioh
modelling and flavour ome e S s Lo ) SR |
ta in 60 40 20 0 20 40 60 80 100 120 100
&81ng Mo no 95% C.L. limit on
VH(cT)
. . . . o 5_'|""I""I""I""I""I T
Signal strength parametrisation as a function of x,: 5 ATLAS Preliminary SO 005) :
4.5 ----Comb. (exp.) ]
K2 :IE aF \v/§H=|j|3 Tev, 133 " —0-lepton (obs.) 3
. c v VA, A ce — 1-lepton (obs.) ]
Hlki) = B(H — cé&)k? + (1 — B(H — ¢¢)) 3.5F Il <85at95% CL — o.jepton (obs.) E
¢ F 1
S :
+ Expected limit on k. at 95% CL in combined fit 2 N U .
: "795% CL :
* observed best fit k. =0 150 ]
 first direct limit on k. @ 95%CL with k.| <8.5-> i3
complementary and compatible with indirect :
: . 0.5F
constraint from H->ZZ*->41 % | |
030 20 10

Giada Mancini (LNF INFN)
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ttH [ ATLAS-CONF-2020-058, ATLAS-CONF-2019-045 |N FN I ?&I!Tnﬁé

LNF

ttH (H->bb) Most common decay mode, but challenging

T . A, L T
final state due to combinatorics from many bjets ATLAS Preliminary s=13 TeV, 139 fb”
—Total  =Stat. -I;‘ité(sgig S1y§:.)
Ml = U/GSM = (0.43 M e 0.120) Gov e, 1.98 "33 (Yoie '125)
o e y -0.88 *142 (+070 +124
observed / expected significance of 1.30/3.00 kel BT a4 (Soe —127)
. . ufo "e [200,300) GeV H_H 1.02 +0:91 (jgg? jggg )
« Measurement performed in STXS bins of pry i E
. Lo M Pl [300,450) GeV H-.—H -0.08 jg;; (tggf tg:g)
* high statistics and boosted category allow
h h h i plle [450<) GeV ——- -0.01 t:g; (t(;gf tggg)
robe the hi regime e
P &1 PT €8 clusive - 0.43 03 (1920 0,
. . . . ettt s Gl L e e e T S|
* results limited by theoretical uncertainty on = W R e
Lo p_ = oo for m =125 GeV
ttbar+hf(b/c) background as well as data statistics i e
ATLAS Preliminary s =13 TeV. 79.9 fo
"‘I"t‘:tl""l""I""I""I""‘I""
) . . ‘:‘t (tot) (stat)
. +0.57 +0.45
ttH Multilepton (H > WW¥, tt, ZZ"): many decay paths .| g%t TR
. . . . . . +0.58 +0.48
possible. Divide by final state, focus on those with high S/B 3¢ K—o—H W=0983 o5 ‘om
W= 0.52 +0.93 +0.88
puss = 0.58 i R .
o 10 + 2Ty | H—@— =030 %o loes
observed /expected significance of 1.80/3.10 e
= 0.49
2SS + 11,59 [ W=U.29 g8 071
* ttW normalization pulled higher than SM prediction, 5, ,. | | o | =040 SloEE e
consistent among regions and other ATLAS analyses  combined ho W=058 55 0%
o] SR T T R i O | 1 0 0 Y I 0 0

SEERTEEEET R e Resv mE e e

 largest uncertainty from data statistics _ at
best fit u = ¢"/c for m, = 125 GeV,
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Signal strength:
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N

u=1.06=+0.06 =1.06=+0.03(stat.) +0.03 (exp.) = 0.04 (sig. th.) + 0.02 (bkg. th.)

< R R I R RS LS R
< r  ATLAS Preliminary — Total ]
C\I] 7j V5 =13 TeV, 36.1 - 139 fo' Remove BackgroundTheow:
C Remove Signal Theory ]
E my=12509CeV, lyHl . Statistical .
BE oy, -oon E
5F =
4-— ——
3E =
2t =
1—— - ——
Ol N

09 095 1 105 1.1 115 1.2

u

20

1o

XS per production
mode: XSs are
normalised to their
SM predictions,
measured assuming
SM values for the
decay branching
fractions

Couplings of the Higgs boson to SM particles

are investigated within the kappa framework

w e B B e e A T
¥ 1 151 ATLAS Preliminary + Observed bestfit
o I Observed 68% CL |
E Vs=13TeV,36.1-139 f6 T Cbeevedssr ol ]
1.4 Mu= 125.09 GeV, |yH| <25 ¥ Standard Model |
E Poy=28% 31
1.05 3
1 E
0.95 =
0.9 =
0.85( =
0.8 =
T P P | il

0.95 1 1.05 1.1 1.15
Ky
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f1'35'

1.3

1.25F

1.2

1.15-
11
1,05}

1

0.95F

0.9

LN e e e
+ Observed bestfit
----- Observed 68% CL —|
= Observed 95% CL
A Standard Model

LN LRI UL
F ATLAS Preliminary
F \s=13TeV, 36.1-139 fb'
F my=125.09 GeV, |yH| <25
F B.=B.=0

E Py, =37%

A R PR S A P
085 09 095 1 1.05 1.

TeVPA 2021

I|III||II|III|IIIIIIIlIIIlIIII\IIlIIIIIII
ATLAS Preliminary beTotal | Stat EEmSyst || sMm
Vs=13TeV,36.1-139fb"

m, = 125.09 GeV, ly | <2.5

Pgy = 63% Total Stat. Syst.
ggF 1.02 s007 (o004, o00)
VBF 113 1910 (o0, '9%9)
WH H = 130 705 (zor7, 0R3)
ZH 0.88 o3 (o, ‘o)
ttH-+tH 0.96 0% (o013, UM
I|III|III|III|IIIIIII|III|III|!II|III|III
06 08 1 12 14 16 18 2 22 24 26

Cross-section normalised to SM value

E>L> _""I ¥ ML ELE | T SRR | T T
2 1= ATLAS Preliminary
= E Vs=13TeV,36.1-139 0" z.43
= E m,=125.09GeV, |y, |<25,p_ =19% & = 7
LLI> [ H SM "‘W ]
B SM Higgs boson e _
ol o -
10 E —-T‘b 3
10° ) =
S 3
= my(m,,) used for quarks ]
10 E =
= j. | | — | | t
£ 1aF -
S
> 1.2 -
~ ]
L 1 % R
08F { , .
10™ 1 10 102

Particle mass [GeV]
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99—H x By

qq—Haq x B

qq—HIv x By,

M x B,

ATLAS Preliminary Tota Sat Sy
A . +0.
Vs=13TeV, 139 fb" 5,/62 w109 (o( )7, +006)
m,, =125.09GeV, ly, | < 25 828, ——— 078 1071 ( *o18+ o11)
o = 92% BB 106 SRR )
1 +0.16 +012 +010
—— Total Stat. BilBz —p 086 g4 (o one )
==== Syst. I sm 0 o5 T 5 3
Total Stat. Syst.
Ot plf < 10 GeV - 089 02 ( 13i8.1a1)
0et, 10 < p/f < 200 GeV 114 ~g.3( s0.12 :?‘%3)
1-jet, pff <60 GeV ot 057 +028( *522 +0.18)
£ +0.8  +025 +013
1jet, 60 < pff < 120 GeV == 106 20w ( 2oaer o12)

1-jet, 120 < #;<200G8V _—
2 24et, m'<SSOGeV‘}7‘;<GOGeV

————— 047

+041  +036 +019
0.66 0@( 035 "0!7)
+1.09 +047
I.G( 20.09), DvJQ)

2 24et, m; 2350 GeV, p'; 2200 GeV

p‘r’<|50 GeV
150 sp‘; <250 GeV

2 2-jet m, < 350 GeV, 60 < p/f < 120 GeV  psmm—t 025 053 ( £046,:026)
22-.iet m, <350 GeV, 120 < pf < 200 GeV it 054 »(?:14%( ‘g.asg_.ggg)
>2-jet, 350 < my < 700 GeV, p/f <200 GeV S 276 }.:( 0%

2 e el :
>2-jet, m, 2700 GeV, p < 200 GeV -__L_. 074 1%
200 < p¥ < 300 GeV 106 105 ( 0
300 < ! < 450 GeV .._J?_ 065 0% (

= 147 41

[7"245OGeV 186 ‘”9(
S S S

¥ — 1.10 I
=Bl = 140 oo ( g
2 2-et, m, < 350 GeV, VH veto ———— 298 ':';( +
>2-jet m, < 350 GeV, VH topo ———— 100 (0B ( <8
>2-jet, 350 < m, <700 GeV, pf <200 GeV  ysmm—n 033 04 ( <0
22-jet, 700 < m, <1000 GeV, p¥ <200 GeV  pmsmmmmmt 095 ‘0T ( *O
zZ-iel'IOOOsm,<ISOOGeV.d;<ZOOGeV .l-_. 138 'g_z( om0,
22-jet, m, 21500 GeV, p* < 200 GeV —— 15 0B 0

POV E - = 247 Iy ( l4o2+l012)
755p“{<150(‘:9v |I—-—| 164 »g:( .g%'.gfg)
150 < pY < 250 GeV —

2505p‘,’<4OOGeV —

pY 2400 GeV L

+031 , +027 +Q15
121 27 ( o240 012)

RS EEEEsssEsEEsssEESsssEsssssssEsSEEEEsEEEES
1.7 +1.15 +022

250 < p! < 400 GeV

p';deOGeV

Prenoey - 78 20 thanen)
S0ipy <A20.CaY - 089 108 ( 1043.10%)
50508 8 OV ealls 086 ‘5% ( 158, 0%)
2005p’;<30060V s 096 7%622( :%:'::%)
300 < plf < 450 GeV ——— 028

pf;z4SOGeV I — 0.16

.:::-B:;-.---..---..-'--.-.-.-.---...-.---.-.l"-..-.--.-.----.7-...--..---2;.0-.:.::::;-72.73.>;;-)-
| IR IR R S RS TN TN VAN AN TN TN (RN [P TS L TN O NN TN NN CERN " S SN SN (S O AN (A | L
=8 -6 -4 ~2 0 2 4 6 8 10
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Parameter normalised to SM value

S (INFR | Fanias
" LNF

STXS Combination: most granular, simultaneous

measurement to date (41 POI fit!)

* inclusion of new data and improved analyses

« for all bins stat. unc. dominating

 only in few bins syst. unc. start to matter (e.g.

ggF 0 jet)

« very good agreement with SM prediction

Probing BSM
contributions
via effective
coupling

stregths (k)

TeVPA 2021

ATLAS Preliminary
Vs=13TeV, 36.1- 139 fb”
my, =125.09 GeV, |y, | < 2.5

—— (3%, CL

95% CL

&
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*  We are studying the main production processes of the Higgs boson with

precision up to the level of 10%

 Results from Runl+Run2 with up to 139 fb-! indicate that measurements
of the properties of the H(125) show consistency with the Higgs Boson
predicted by the SM

« EFT approaches to test possible BSM contributions to the Higgs boson
properties have been extensively investigated

*  Most of our measurements are still statistically dominated in the most

sensitive channels

We are entering the precision era:

looking for possible hints of New Physics behind the corner!

Giada Mancini (LNF INFN) TeVPA 2021
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Thanks for
your attention!




Backup
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In BSM theories, the Higgs boson properties may not be determined only via a

simple scaling of couplings: kinematic distributions in production and decay

modes may be sensitively modified by BSM (incl. EFT) effects.

Simplified template cross sections (STXS) developed to:

« separate measurement and interpretation steps to reduce in a systematic fashion the theory
dependencies folded into the measurements (dependence on theoretical uncertainties and
on the underlying physics model)

+ provide more finely-grained measurements (and hence more information for theoretical
interpretations) while at the same time allowing and benefiting from the global combination

of the measurements in all decay channels

Fiducial cross sections, i.e. cross sections for specific states within the phase space
defined by experimental selection and acceptance cuts, provide:

+ largely model-independent way to test for deviations in kinematic distributions

« differential fiducial XS are a powerful for scrutinizing the SM Lagrangian structure of the

Higgs boson interactions

Giada Mancini (LNF INFN) TeVPA 2021 A
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A Thoroidal LHC ApparatuS

Inner Detector:

+ Silicon trackers (pixel and microstrip)
e Gas trackers (with measurement of the

transition radiation, TRT)

EM Calorimeters: 0/E = 10%//E ¢ 0.7% SOIenOld (2 T)

excellent e/y identification Prescision Muon Spectrometer: o/p;=10% @ 1 TeV

good energy resolution (e.g. for H = yy) Electromagnetlc

fast trigger response R
good momentum resolution Calorimeter:

(eg. A/Z =, H— 4n)
= = ' * Sampling Pb+LAr

Hadronic Calorimeter:

Hadron Calorimeter: o
STE~BORITE & 3% + Fe+scintillator

good jet resolution e LAT technology
good missing Et resolution

(eg. H— ) Muon System:

* Superconducting

Inner Detector: thoroids

Si Pixel & strips; TRT . .
o/pr =5 10" pr & 0.001 * Precision tracking
good impact parameter res., i.e.
. o(do) = 16 um @ 20 GeV chambers
oo (e.g. H — bb) . T hamb
Solenoid (inner detector): 2 T rigger cnampers

Toroid (muon spectrometer): 05 T
Giada Mancini (LNF INFN) TeVPA 2021
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Analyses in Runl have been optimized for the discovery

« Observed boson compatible, within the uncertainties,
with the Higgs predicted by the SM -> deviations are small

Measurements of:

* Fiducial Cross Sections and Differential Cross Sections in variables
sensitive to the quantum numbers of the Higgs boson (spin, CP), production
modes, proton PDFs and perturbative QCD effects

Interpretations in terms of:

*  Signal strenght: defined as the ratio of the XS * BR with respect to the
SM (more model dependent): = (6 BR),,./(0 BR )sy,

* Coupling modifiers (k;): parametrizing production and decay, coupling
modifiers as multiplicative factors, narrow width approximation

- HRT = o (&) - T (%) where K? = Fj/FéM , K? = O'j/O'JS-M
: Iy -> k=1 refers to the Standard Model case (SM)

Giada Mancini (LNF INFN) TeVPA 2021 A
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maybe you can add backup slides showing

- one of the (theory) plots showing how the pT
Higgs spectrum varies with different values of
kappa

- mention the assumptions going into the
kappa_c/b interpretation (also for
H—gammagamma)

- H—ZZ" is the only analysis so far (if | am not
mistaken) that considers acceptance effects in
the EFT interpretation, so maybe this is worth
mentioning and having a backup slide on it? ->
ok

- | think it’d be good to be prepared to answer
why the constraint on cHG tilde is much less
than on cHG -> ok

Giada Mancini (LNF INFN) TeVPA 2021 /



