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Higgs mass and width
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®* Measurement done in H—4¢ and H—yy only

e precision dominated by statistics and experimental systematics

H — Z7* — 47 H - yy, Z7* — 4¢

CMS
ATLAS Preliminary —s— Observed: Stat+Sys Run 1:5.1 16 (7 TeV) +19.7 1" 8 Te) —~ Total Stat. Only
H— 7Z7* — 4| - e 2016:35.9 fo'' (13 TeV)
{s=13TeV, 139 fb” = Observed: Sys-Only Total (Stat. Only)
m,, [GeV] Run 1 H—yy —— 124.70 = 0.34 ( = 0.31) GeV
4u —E'—E'— 124.80 17,5 (Stat) [ (Sys) Run 1 H— ZZ— 4| — 125.59 + 0.46 ( = 0.42) GeV
2e2u —u.a— 124.95 727 (Stat) *%° (Sys.) Run 1 Combined — 125.07 = 0.28 ( = 0.26) GeV
B : N 2016 H—yy ot 125.78 = 0.26 ( = 0.18) GeV
2u2e i a3 125.34 ¥ (Stat.) _*3&7 (Sys.)
L _ 2016 H— ZZ— 4l —— 125.26 = 0.21 ( = 0.19) GeV
4e Em3— 124.59 *>7 (Stat.) "% (Sys.)
: . -0.09 2016 Combined [—— 125.46 £ 0.16 ( = 0.13) GeV
Combined — 124.92 710 (Stat) % (Sys.) Run 1 + 2016 .-i- 125.38 + 0.14 (= 0.11) GeV
II‘II24I.III II1“25IIII II‘i2éllllll1l27lll II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
m. [GeV] 122 123 124 125 126 127 128 129
H m,, (GeV)
my = 124.92 £0.19 (stat) jg-gg (syst) GeV my = 12538 £0.14 (= 0.11) GeV

precision on my: 140 MeV = 0.1%
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EXPERIMENT

= 9 #Wd bodon width INFN

e WM =41 MeV (corresponding to a lifetime 7, ~ 1.6 x 10~%%)

too small to be measured directly: Goff—shell
w—H—-4¢
* direct measurement: lNi<1.1 GeV from on-shell Higgs, limited by X FH
detector resolution smearing the Breit-Wigner lineshape 6‘?‘?__)187_}]13}14/
e Higgs width can be extracted from the ratio of on-shell v = gg, WW, ZZ, Zy, vy

and off-shell yields

. . H — H
o modelassumption: /i ¢ .11 = Hon_hell H — 77% > 4. H — 22
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[y < 14.4 MeV™™

. H . H °
non-resonant ZZ interferes with off-shell H

2015 and 2016 data
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https://www.sciencedirect.com/science/article/pii/S0370269318307494
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//Wa width meadieement

INFN

e Combination of H —» 4¢, H — 2£2v analysis of full Run2 data

- H — 4¢ analysis on full Run2, using on-shell + off-shell events

- H — 272v analysis on full Run2, with £ = e, u final states and categorized in

-2AInL

jet multiplicity

CMS Preliminary

<138 fb™ (13 TeV)

30 T T T T | T T T T | T T T T
Roff-shell_.l

- V,F -

— RY™"! unconst.

Observed
Expected

L L--'O"‘Y"-“l“ 11 1 | | | I | 11 1 |

2 3 4
Moff-shell

first evidence for off-shell

Higgs production at 3.60

-2AInL

20

15

10

MS Preliminary

<140 b (13 TeV)

CN

o
— f,=0 (SM-like)
— f,, unconst.
— f,3 unconst.
— f,, unconst.

Observed
Expected

95% CL
eoncl "
5 10 15
'y (MeV)
[y = 3.2 ¥24 MeV

o(I'y;) ~ 50 % : most precise measurement up to now
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-013/index.html

CMS
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EXPERIMENT

e Part of Higgs width could be due to decays to not detectable particles:
searches can be interpreted within Dark Matter models

o CMS: Search of 2 forward jets with high M;; and high | An;| + MET

-~ Dominant backgrounds: W — v and Z — vv +jets

- systematically dominated by V+jets modelling

e ATLAS: VBF combined to VH production
-V=Z->7C, V=(W,Z) - had

— H(B,, =0.13) -

o 6 M é B
2 " ATLAS Preliminary Postfit ~ ~bma N Uncertainty
G {0 ks 5= 13 TeV, 139 b B w strong WEWK - - Prely mlnary
8 - Z strong Z EWK ] 5 L '
o M other Multijet
~
12]
c
o
>
L

— Observed

B 1"";‘!’5"9 — | ; I .- Expected -
: mm@&%w\&&% S 2 et
0.8 3 - — 2016
1000 1500 2000 2500 3000 3500 4000 4500 5000 Ir O\ — 2017
m; [GeV] - ' 2018 i
ATLAS: BR(H — inv) < 0.11 (exp 0.11) Qo b BN
CMS: BR(H — inv) < 0.17 (exp 0.11) B(H —inv.)

E. Di Marco 10/01/2022 Lepton Photon 2021 7


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-26/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-003/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-052/

Higgs boson
Ccross sections
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[l

o Approach devoted to minimize simultaneously experimental and
theoretical uncertainties on Higgs cross section measurements

 Split Higgs production modes in gen-level bins in pr, N(jets), m;;

- Assume within each bin acceptance is only weakly depending on SM
kinematics, used in STXS measurements as proxy for true properties

- Allow re-interpretation of results in different models

- Look for BSM in extreme bins of the phase space

Stage 1.2 _
\

N(jets) . pE 10,2000 | QCD jet scaling p¥ [200, 00)
| pr
| | |
L = O-jet = 1]et = 2-jet W - High pr: probe EFT
pT, M o [ —~7 ™ 300

operators,
450 |BSM contributions

650

0 i i |
my; [0, 350] my; [350, oo]
10
v

oo

0.15

Hj, H
DPr /pT
00 J

DO(

0 25 oo pgaQ > modelling of ggH
_/  bkginto VBF
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Compact Muon Solenoid

ATLAS

EXPERIMENT

ST in H — yy

INFN

0y B ()

Ratio to SM

e H — yy channel well suited for STXS measurement:

10°

10

1072
25

1.5

0.5

- high yields, efficiency and S/B across whole phase space

- robust background estimation from m(yy)

- reaching first ttH differential measurements

CMS p-value = 70%

137 b (13 TeV)

CMS
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o0 I =10 (stat @ syst) 3
_' 4.0 13tg 142 :
| ._:_. 3798 . +1o0 (SySt)
=| I /260,002 7% 3518 =
— 16 . a4 —
— 265 S 0621% igte b ggres 1572 ~ SM prediction
— 1 L, 405 Sy 097, o o2 s 209
- P B boreioid 1.11,0_4 0.157 ¢ 0717, ol 0_71;?;; —]
= l E:: I 3 I : | I A 0.51ﬁ:§; l 0.44, ’ wz?.SOﬁ:zg =
= 0.16' 7 | : ! | —i—\“%w 0.24°07 =
— —_— +0.12 —— —
— H-—yy, IyHI <25 _l—o.wj;g | | _I_onzm - eden0 112 3
- | 1 o]
L STXS stage 1.2: minimal I ! 4. A0 aal |
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Sh—
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LI I R I B B B T I

ATLAS Preliminary b Total Stat. = Syst. | SM

Vs =13TeV, 139 fb"

H—yy, mH =125.09 GeV Total Stat. Syst.
9g—H0J0<p]l 10 == 076 Moo (2026, %)
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http://dx.doi.org/10.1007/JHEP07(2021)027
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/
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STXCH — ZZ* - 4¢

INFN

(0B) obs [fb]

102

10'

Ratio to SM
o - N w

* Veryc

- grou

0 STXS bins to improve sensitivity,

especially VH and ttH processes

- use DNN (ATLAS) or matrix element (CMS)
to define categories

CMS 137 fb~' (13 TeV)
+ Observed (statdsyst) H->ZZ
-------- SM prediction my=125.38 GeV
61138
& STXS merged Stage 1.2 - |yy| <2.5
L 214178
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ttH

S CMS 137 fb™ (13 TeV)
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https://link.springer.com/article/10.1140/epjc/s10052-021-09200-x
https://link.springer.com/article/10.1140/epjc/s10052-020-8227-9
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Differential and fiducial ©

INFN

2o 1 | I | | | —
- ATLAS Preliminary , Hozz .
2 H o zz* H—yy v Howy =
- {s=13TeV, 139 b ¢ Combination -
1.8— = : [___] Systematic Uncertainty —]
- Total Uncertainty =
1.6 W MGS5 FxFx K=1.47, +XH =
- N ResBos2 K=1.14, +XH -
1.4 - . SCETIib K=1, +XH ]
: RadiSH K=1, + XH _
10 @l e NNLOPS K=1.1, +XH_ ]
L ssssess XH=VBF+VH+ttH+bbH+tH ]
1 —
0.8F [% H + + =
e BRI E
0.2:— +“+‘ :...fmv..: E
0 temees L2t T R IR R s s e AW wgw | on -7
2 : I I_
1 5 — . ]
1 ‘—-f-—l-’-‘ ----- fhg-- B----u--N--B_-4  FESLE - e et —

T
0.5 i
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p ? [GeV]

e Combination of H — yy and -
[O)
[ ] [ ] (D
H — Z7* — 47 by ATLAS for differential 5
o
and inclusive cross-sections with full Run2 <~
©
~~
@)
©
o) — | o | ]
a 50 —  ATLAS Preliminary ;, w2z ]
o) - * Y H— vy -
— \(I——I _1>3€ZV ’122 ;1 vy ¢  Combination i
— s=1o 18V, [___] Systematic Uncertainty —
40— Total Uncertainty —
~ . MG5 FxFx K=1.47, +XH N
B 5 STWZBLPTW K=1, +XH ]
B ¢ 20 GoSam K=1, +XH i
30 AR BAA I A0 AR * Sherpa+MCFM+OpenLoops K=1, + XH__|
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- 7 fE
- — (4v]
20— — Q
H ~~
N ] -
- e ** ........ : - 5
L _ £
10— — -
: ------------------- \-\\\'\'\'\'\-\\\'\'\'\-\\\'\'\""'"'}'""m """"" : o o
0 franninniaainaanand I Ry &, 00f ATLAS Preliminary
© 15F ] ]i [ YH-oyy 4H-ZZ*
S ) . o L ¢ Combined data
') . 80 OO Systematic uncertainty
Sy 1F i BRACREREEE kR Bhhhhl SRR EEEELL I O — r
> *
O : ’ 60|
o 0.5 _
c
= Njets=0 Njetsz-| Njets=2 Njets2 3 40__ *
N jets I +[+’
20
0_. 1 1 1

SM 6 (pp—H, m, = 125.09 GeV)
QCD scale uncertainty
Total uncertainty (scale ® PDF+o)

Vs=7TeV, 45fb"
Vs=8TeV, 20.3 fo"
Vs=13TeV, 139 fo

fiy ;

| o1y = 55.5253 pb
o3y = 55.6 £2.5 pb

10 11 12

e

Vs [TeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-002/

CMS%@

B ATLAS
\ EXPERIMENT
° i itivi i a0 X e
Bring sensitivity to region of the phase space less 3 Afmspre..m.nagy T
o = - 13TeV,139fb- ~ Uncertainty
well measured by H — yyand H — 47, i.e. ggF o[ AlBoosioRe A (0S2xh)
o C I Other backgrounds
. . . @ 25 - ] Misidentified r
high pTH and especially VBF: oF v
. . 15 -
- gluon-fusion: Higgs pt > 300 GeV of
5E
- VBF: mjj > 700 Gev 0 :I 1 1 1 11 1 1 ||
o - __I T 17T | T T 1T | T T 17T | T T 1T | T T 17T | T 17T I__
__CMs Ppreliminary 137 fb" (13 TeV) g 4 i
£ 6 SOV o, w observed N +10 (stat) ——+10 Um;:ertainfty in SM pred:iction_: g 0'05 ]
% —— ::,370 o . - 64+864 : . Process based , , , , ] O -0-5 __I L1 1 | | T .| | 11 1 | | T .| | 11 1 | L 11 I__
l 2 g : : 50 75 100 125 150 175 200
. | - miMC [GeV]
] | o7 i g 10 = ATLAS Preliminary H — tt cross-sections (ly | <2.5) 5
N : — ~ Vs=13TeV, 139fb" e Observed —Tot. unc. — Stat. unc. J
| 1 eecH | | TS . 1 Pgy=9% — Expected []Theo. unc. -
_ — — 5 F 8 | -
N I I ) (OO U S 107 E : s I =
e : i - ! . -
= : . : - i ! !
2 7 9222975 /// 1072 = ¢ : ! 1—5
© ; ; : / = | . 3
; KN f i -
5 2 § § § &% |8 B % |§ 10° = i =
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https://cds.cern.ch/record/2779179
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-010/index.html
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3’“‘%%%4&% H — bb
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o Challengmg channel, VH, H — bb can
measure highly boosted regime

e boosted jet analysis targets pr(V)>250 GeV

x10°
> 1.2 1777 L I LA I =
() - ATLAS ¢ Data i
O [ (5=13TeV, 13617 =, o i
©  {-SRLp >1Tev ' Pr ~
~ B \jZ ]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-08/
http://dx.doi.org/10.1007/JHEP12(2020)085
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STX¢in H — bb

 Observed WH and ZH. Differential cross-sections analysis sensitive to
pt>250 GeV, probing pr>400 GeV

INFN

= measurements beginning to be svstematically limited
resolved+boosted VH, H — bb combination

137 fo~' (13 TeV) bb 0.21
10* —— — — — — — + +0.
s [ cMS T Datal | | IMWI_L] 1.03£0.19 (Stat) —0.19 (SYSt)
© 10’ I == LHCHXSWG approx. NNLO - ub? = 0.97 £ 0.17 (stat) +018 (syst)
== HJ-MINLO . —_ — -
10°F E ‘-lg E ATLAS Preliminary VH, H— bb, V — lep. (resolved + boosted) E
ol — N S E_ 103 E_E=13 TeV, 139 fb” ® Observed ==Tot. unc. Stat. unc. —
g 3 QA — - Expected Theo. unc. E
00 | : | =E| } I I ><|_Q 102:_ V=W ! V=2 B
T o = '\ T =
20~ - m - {_ﬁ_ =
O - , > _
25 W 101 g - T —
2 X 10 — w = —. : _— =
g5 = F S —X 3
z =2 .
oF""T — © 1 = - — ——-——
| | ‘ | | | - ; =
! ! | ! ! ! - , % _
20|~ . 1 .
o9 5 2 bt .
P B ] — Y ! "o e —_—
S0 s I3 =% *-
T2 = o— = ! - —
F-- —— = o I =
° ! | ! ! ! | ! ! ! | ! ! | ! ! | : 750 <p W, 50 <D l/[/,tpT’/V)t$ 40 75? 2t 750 < 3t 0 TDZJDTZ}[-B 40
400 600 800 1000 1200 T <25, T S4gp OGel,T T75OGT N25, T S4op OGeV
pt (GeV) Gel 7 Gey Gel, 3%
E. Di Marco 10/01/2022 Lepton Photon 2021 15


https://cds.cern.ch/record/2782535/files/ATLAS-CONF-2021-051.pd
http://dx.doi.org/10.1007/JHEP12(2020)085

= A@ C’oaﬂ&'/zgl‘oﬁmge/ma&bn (NN

e Rare decay: BR(H — puu) ~ 2 x 107, with large non-resonant
background from DY — uu

- all production modes used: ggF, VBF, VH, ttH, categorized to improve sensitivity

137 o' (13 TeV)
% 800 IIIII | | L I IIIIIIII | 1T 11 I 17T 11 I | LU I | I:
Q) CMS i Data 1 > 010 =L L L N B B BN AL B
~ N ] )] — —
& 700f Al categories —— S4B (u=1.19) - & = ATLAS 1 + Data -
I C S/(S+B ighted . o~ 600 ys=13TeV, 139 fb" — Total pdf —
q>) 600-_ ( + )welg te """ Bkg. Component ] (\D — ) _Slgnal pdf E
(L] m, = 125.38 GeV Bl:io : £ 500 A~ . In(1+ 5/B) weighted .-Bkg.pdf =
k5 o 400 =
IS o - -
2 £ 300E —
= § 200F- —
m 100 =
2
O:I 1 11 I | I | I | I I . | I | I | I | I | | | I | I | I I | I | I | I: _é O
®
g) 5:_I | |+I | | | I+I I | L L I | L | | I | L L l | L I_: D —2
m 0' 'y 110 115 120 125 130 135 140 145 150 155 160
I _ m,, [GeV]
D _5 :_I L 11 | L 111 | | I | | | I | | | I | | 1 111 | | I I | I || I_:
110 115 120 125 130 135 140 145 150 ,l/l — 12 i 06

(GeV)

u=12=+04 e significance: 2.06 (1.76 exp.)
significance: 3.00 (2.56 exp.)
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https://doi.org/10.1016/j.physletb.2020.135980
http://dx.doi.org/10.1007/JHEP01(2021)148

CMS, ! 1 —
> A@)S H—= utu Md%e/?%ed INFN

e S/B~ 0.1% for inclusive events at 125 GeV

e Strategies to increase sensitivity:

- improve o(myy) with FSR recovery, constrain tracks to beam line JHEP 01 (2021) 148
-1
- use dedicated DNN/BDT in each 1 T 3?9 137 Tb...(.1.|3TG'TV)
1> 4L t
- very accurate DY bkg modelling s | m,=125.38 GeV
-1 ,¢' _
ELL|>1O = p-value = 44%
¢ L
| ! ! ! ! | ! ! ! ! | ! ! ! ! | ! ! ! ! ! ! ! ! | ! ! ! ! _2 b?¢"
ATLAS (s=13TeV, 139 fb" H— uu 1077 ¢ Te-” E
e Total Stat. [ Syst. | SM Total Stat. Syst. E ',¢'
VH and ttH categories I —eo— | 50 £35 ( £33, £1.1) 10—3 L ¢¢"‘ E Vzctor bOS?nS . -
- g,'" ¢ 3 generation fermions 1
ggF O-jet categories —@— -04 £16 ( =15, £0.3) _, E Muons -
ggF 1-jet categories — 24 +12 ( 1.2, £0.3) 10_4 - SM nggS boson E
ggF 2-jet categories |—@— 06 £1.2 ( +1.2, £0.3) C11 ] | IR | IR | IR [
% 1.5_II| I I IIIIII| I I IIIIII| I I IIIIII| I ]
VBF categories e 1.8 1.0 ( 1.0, £0.2) 5 - i .
Combined e 12 206 (06, Too) E 1:"+ """"""" %'# """"""""" '++'" "
.;OI I I : | : : : I0|I : : : | : : : I1|0I : : |1| : : : I2|O g 05:II| | | IIIIII| | | IIIIII| | | IIIIII| | :
] N ° Signa5l strength 107 1 10 10°
PLB 812(2021) 135980

Particle mass (GeV)
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http://dx.doi.org/10.1007/JHEP01(2021)148
https://doi.org/10.1016/j.physletb.2020.135980

\C“\\AS :A@ Within WH — CC INFN

‘\ EXPERIMENT

e Very challenging channel: large backgrounds from multi-jets

- c-tagging central to discriminate H — bb
o (W,Z)H — cc associated production categorized in

* 1,2,3leptons and # c-tagged jets

> _||||||||||||||||||||||||||||_ ’7; 5_'|""|""|""I""I""IIIII
& 4090 ATLAS Preliminary —e- Data E <, -F ATLAS Preliminary — Gomb- (0bs) ]
= a500F s =13TeV, 139 fb B VH(— cC) (u=-9) s 4.9r --:Gomb. (exp.) g
= - 0+1+2 leptons Bl VZ(— c3) (u=1.16) - \EI/ 42_ s =13 TeV, 139 fo” — 0-lepton (obs.) 3
2 3000 c-tag. All SR W VW(— cq) (1=0.83) 7 T Tp VHH=co 1-lepton (obs.) :
S - B-only uncertainty ] 3 5F Mkl <8.5at95% CL — 2-lepton (obs.) ]
S s500F- — SMVH(—>¢%) x 26 ] i ]
¢ - N o
o0 - ] 3:
g 2000~ - F e
S - . 2.5:— ~~~~~~~
% 1500:— _: 2:_
> - . Y-V e
W 1000 = . 95% CL
500F = F
- —+— ] 1
0 . 0.5F
_500|||||||||||||||||||||||||||||||_: O:'""""""I'l"'il""l""l':
60 80 100 120 140 160 180 200 -30 -20 -10 0 10 20 30
. . mCC [GeV] 1 1 1 . KC
Data-bkg, including first limits on k. coupling:

WH( — cc),VZ,VW:3.80 for VW( — cq) c/c"M < 26 (31 exp.)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-021/

CMS :ATLAS gQM/O‘ZH — Z}/ INFN

EXPERIMENT

e SU(2)L symmetry relates the HWW, HZZ, Hyy, HZy interactions
- if heavy new physics respects SU(2)., correlated effects across the four

o (Categorizing by production mode: ggH,VBF,VH and ttH (CMS) or ggH,

VBF (ATLAS)
CMS Preliminary 137 fb™ (13 TeV) -
E 80005 HI Zy m | = 125.3|8 GeV | ¢ | Data | _; 8 80:— \/4TL1A? . _:
; 7000;_AII categories T §+B (n=2.4) B ; B ATI= ,[3 e. , 13910 ]
€ [ s/(S+B)weighted component 5 = N categories ]
L%J 0000 =10 . o 70K In(1+Sg4/Bgg) Weighted sum
S 5000 - [ ]#20 E q;,) - _
Q - ] B ]
_'05)340002— = N 60 —
Esooo: —i - X -
;'Ezooo;— _; 50:— E
@ 1000 E 402_ — Sig+Bkg Fit B
0 —— A Bkg

ﬁzoo?—ll | I Bcompontlar;tlsubtracted_i x@ 4:_IIII|IIII|IIIIIIIIIIIIII'IIII;

O 100F = M 2F

(o) L S aREEY B ca A G _ = O;

-_ ] —2?
_1OO§‘_I | |++| L | L |+| L | L | L | L1 I_E N _4:_I I | | | I I | | L1 1 1 | | I | I | I I | | | | l_

110 120 130 140 150 160(Gl \};70 115 120 125 130 135 140[G ;]/?5
m ... (Ge m e
u=24+0.9 " u=20x09 *

significance: 2.7¢ (1.26 exp.) significance: 2.2 (1.20 exp.)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-014/index.html
https://www.sciencedirect.com/science/article/pii/S0370269320305578?via=ihub

EXPERIMENT

| 6 Towands nare decayd. quarkonia. ((INFX

o Rare decays predicted by the SM: H — Z J/y, JIwJly, Y Y %E:e/wio/rifgz

- in the SM: BR(H — ZJ/w, Zw(2S) ~ 107°,
- even smaller BR(H — QQ)

- new physics in loops can increase this

e Same search also for Z decays to QQ:

leading order

loop-induced

- inthe SM, BR(Z — QQ) ~ 10712
H—ZJly H->YY

40CMS 138 fb (13 TeV) - CMS | | 133 Tb (13 TeV)

> C | _— T T T T
& F pp — ZJhy > 26 24 : S 102 pp — Y (nS)Y (MS) — 4y .
35 —+— Data - - — e+ Data -
2 - —— Sig + Bkg Fit ] S - ——— Sig+Bkg Fit .
%) 30‘_ -------- H— ZJhp, B=1.910° 3 %) LTI H— Y(nS)Y(mS), B=3.5 107 -
c N H— Zy(2S), B=6.6 10° - S M e Z - Y(nS)Y(mS), B=3.9 107
& 25F E T 10f E
20 4» ‘ Bk : 5
151 : i o ]
~ _ 1 " “ =
10 — - P ]
- . - N P ]
5;_ _; - \ .'i _"‘, ; 7

T o L ] , R VA W il

0 st 150 130 o 10%0 60 80 100 120 140
SM My 5, (GeV) SM M, (GeV)
BR/BR>™ < 826 " BR/BR>™ < 5.8
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CP and anomalous
couplings (AC)



S RAHN in H->Z @Wand 22v) G

EXPERIMENT

.

o After Run1 excluded spin-1 and spin-2 hypotheses, analyses with full
Run2 investigate CP structure in a vast program of measurements

* HVV couplings tested with H—4¢ using production and decay

- production categories: untagged, boosted, VBF 1/2 jets, VH H hadronic/
leptonic

ggHVW—40 qd—=VW—H—=W  gg(qq)—ttHottvwW

1 K ay, + 63 ay, k3 (qvi + qva)? ’ 1 e
A(HV,V,) = : + 1 ‘(/;\VV)Z = 4= (Agv)z ]m%/1€V1€V2—|_ a2vfﬂv [ ;agvfug )f @)
a.: SM

as: CP odd anomalous coupling
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052004

W &) H — 4 AC 4rag)

EXPERIMENT

INFN

* EFT interpretations: BSM contributions at a high scale appear at low scale

as deviations of Wilson coe

J
~EFT

. l
//li(cj) ~ T SM

o Signal strength for STXS bin parameterlised at LO in Warsaw basis

- fit HVV couplings in production (VBF, VH, ggH, ttH)

Icients ¢; of the higher orders operators

- acceptance effects estimated from signal full simulation and parameterized as a

function of anomalous couplings

== Cug=0.4 Chwg = 1.0 *

Normalised to SM prediction
N

- 2
N O N N N O N N R B 1
o, o, R, R, G s B B, Fo, B, Rp,
B, K K TR TR TR T,
% % Ly L Ly v R %y % R Tk
o o o Yo Yo 2o, b Tl T8N K
% Tk, B e, e, %, e R G, %
% O % &% %o _

Particle-level production bin

O

1 1 1 T T T T T T 1 ] i
- ATLAS B 5
- HoZZ* -4l i 1
[ {s=13TeV, 139 b’ 1,
¢ Data Cpg = 0.004 ] \
[ -seigy=75  +vrrCyy=0.85 .

H—ZZ* 4l
u JEI=I 1 3 I-I-IQ\{

ATLAS Simula

T | T T T | T T T
tion

—0/0y,,

(o - B)/(c - B)

-------- (c-B-A)(o

SM

‘B -A)

wn
<

m_

I4II 6

Chiw
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https://link.springer.com/article/10.1140/epjc/s10052-020-8227-9

&) H — 47 SMErT anAg) INFN

EXPERIMENT

o SMEFT interpretation of the results for CP-conserving parameters: ¢,

A TLAS Expected: Stat+Sys A TLAS Expected: Stat+Sys
H— ZZ* — 4l m—— Observed: Stat+Sys H—Z7" — 4l m—— Observed: Stat+Sys
Vs =13 TeV, 139 fb' Vs =13 TeV, 139 fo’’
SMEFT ] Observed: Stat-Only SMEFT ] Observed: Stat-Only
Best-fit  95% CL Best-fit 95% CL
Chw . 0.5 [-3.4,2.1] C.y = . +0.6  [24:24]
Cog . 003  [0.62,0.59] Cr . 000  [0.56,0.56]
Chwe n 0.1 [-1.1,1.0] Cig o 0.0 [-1.0,1.0]
Ca .|. 102 0.001  [-0.008,0.007] Ca - 102 0.000  [-0.029,0.029]
CuH m L -5.10%  -6,18 [-18,30] Cony m L .5.102 + 21 [-50,50]
S O S PSS H N B 1 A AU SRS
—2 0 2 4 6 —2 0 2 4 6 8
Parameter Value Parameter Value
CP-even 'I CP'O%d,
Wilson coefficients Wilson coefnicients
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s | ()

| ATLAS

EXPERIMENT

H — 47 4¢ cumg

INFN

e Dedicated analysis for anomalous couplings to probe 3 independent HVV
and Hff+Hgg couplings

- includes SMEFT interpretation in the Higgs basis

- constraints sensitivity dominated by production information

137 b (13 TeV)

— Observed, fix others
107t _
Y - Expected, fix others

— Observed, float others

- Expected, float others

on-shell H—4¢ +
off-shell H—=202v .,

CMS Preliminary

<140 b (13 TeV)

20

SM
— IS

— I',, unconst.

— Only on-shell 4l

Observed
Expected

—
j= |
< |
10 et
: ‘‘‘‘‘ 95% CL _
% 080604 02-'—002 ..... 0,002 02040608 1 i | | 68% CL |
fa3 -0.01 -0.005 0 0.005 0.01
f
vV |2 2e2ﬂ) 7% w0
. . vV _ ’a | . a;
Example: fractional effective 7sign
, at Z ’aVV|2 (2¢2u) a
CP-odd cross-section fa3
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052004
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-21-013/index.html

= &) Mkawa IZTHCOW% INFN

EXPERIMENT

Lagrangian with CP-odd component K can be tested also in Higgs-fermion
couplings via ttH and z7:

me _ -
A(Hff) = - TV/f(Kf + ikeys )y
- CP mixing angle @, = arg(x,/Ky)
BDT dedicated to ttH, tH CP with top-diphoton kinematics (ATLAS) or ttH CP

MVA (CMS) in multipl ri ”
(CMS) ultiple categories ttH, H — yy
> T LA A B AL L
. © 40
— 0] ¢ Data
CMS combined ttH H — yy, H - 4Cand H — 77 ¢ S Background
B 30 - - Totall background
CMS Preliminary 138 fb' (13 TeV) =3 - - Continuum background
_I 16_|||||||||||||||||||||||||||||||||||||||_ %20
< A T + 4l + vy 215 +
< 14r —— Observed i @ 10 E ATLAS 'L +
Ql i ) Is =13 TeV, 139 fb” + 44
I 5 . <+
In(1 + S/B) Weighted Sum
00 120 10 140 150 160
m,., [GeV]
> —7t . - - 1 - 1 7
(0]
O g ATLAS
= \s = 13 TeV, 139 fb"
%”D 40 _+_'+' In(1 + S/B) Weighted Sum
)
= 30
o
£ 20 4+ + +
+
OIIIIIIIIIIIIIII"'IIIIIIIIIIIII_ 10 + ++ H—+—+
-1 -0.8-06-04-0.2 0 0.2 04 0.6 0.8 1 0 e
Hit 100 150 200 250 300
f Reconstructed Primary Top Quark Mass [GeV]
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http://dx.doi.org/10.1103/PhysRevLett.125.061801
http://dx.doi.org/10.1103/PhysRevD.104.052004
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-007/index.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.061802

&) Mkawa top couplingd INFR

\

e CombinettH in H — yy and H — 4 with uncorrelated signal strengths
and interpret them as top couplings k, and k,

N.B. : sligtly different notation:
L === {iks [cos(@) +isin(@)ys] v} H

CMS 137 1o (13 TeV) g 10
a3 ' rTrTTTTTTETETTT T T T s
X = b + Best fit sm 3
1 D ..., 20 =
8 - : :
I o . E
/ 1 - :
6 1 - 0.5F :
- ~ o -
1 5 5 % 0:_ ><_|_ E
N o - .
4 0.5 E
2 - ATLAS ]
1 ~1.9F {5=13TeV, 139 0" =
2: ' T T e T T e |:
0 15 -1 05 0 05 1 15 2

K,C0S(a)
Phys. Rev. Lett. 125 (2020) 061802

Phys. Rev. D 104 (2021) 052004

gluon fusion pointlike couplings c,,, ¢, profiled
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a.u.

EXPERIMENT

| &0 CP from Vikawa H — T (il

0.1

0.04

0.02

0.06(—¢

o Full Run2 analysis to measure CP HoTT TT PP
. o o Z
odd/even mixingin H — 77 et
=
= Use ~70% of the T BR: H—= T Th, TuTh, "
TeTh With Th decays to mt#, p* (Trme),
|
a1%(TTTOTTO), A (TTEmHI-) o
- estimate the t plane from multiple L.
. L 7T
tracks or from the the track impact ; e’
parameter vector and momentum for
1-track decays CMS . 137 fb~! (13 TeV)
g E 035,049 | 04500 | 0607 1 0708 1 0809 1 0510
- Use the distribution of theangle & """ li™" 17 177 1701 4 Observed
=10 ! ! !
between the two Tt decay planes ; i fert]i(g%
1 1 h
CMS Simulation 13 TeV 10% £ i i Others
e dmem = i i Bkg. unc.
poeRm e ] i — PSH — 17
<2L 10 — BestfitH — 17
7 10°

ET T T 1

30

1

1

1

1

I [ T I |

lllllllllll

1
T

i
1
20 !
1 | [t LS
18 - !._-__4.__L-!L.m_..r-umuldﬂ,'!i

b H ~

1
1
1
LN N B L B R
1
1
1
1

Obs.—Bkg.
Bkg. unc.

- fj i i
- ",,, & H !
e Bl : |
Bt —>J‘EJ’C‘ ‘ ‘ p} >33 GeV ] —10 L1 Il [ B | L1 1 I L1 L I T I B =
Il Il Il Il Il Il Il Il Il Il Il Il | Il Il Il Il
0 60 120 180 240 300 360 0 10 20 30 40 50 60
q)CP(degrees)

Bin number
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H — 11 CP resutts

INFN

| ATLAS
e Most sensitive final states: up, pp, p CP-even (k,) vs CP-odd (X,)
. CMS 1877 (13 Te) T Yukawa coupling
81.4;+Ob3-5k9 PP +7p + 1P +8p —
"2 I:l Bkg unc. N B 2 CMIS L LI B B B 1I37I fP (1? TeY) — 25
g 12— =0 E “ I # Bestfit — 683%CL 7 |1
o =90 —— - [ * SM -- 955%CL | |-
£ F —— . g — 99.7% CL 41 [|420
D 08 = N SR G —] 1 = 7
[} - | | | 1 — -
b4 06:— = [ I
?- : _=E 1 I |—0—_ L | - 15
D ooal-| —e— _ £ 1 -
h F N 0 o
<C 02— 1 = -
: —— ] B - 10
s R — [ ]
- L | | L N P 1+ -
0 60 120 180 240 300 360 B _ 5
) q)CP (degrees) L l
Q 12 _CIVIIS T T I T T T T T T 1|37f|b T (113 TleV) : Ki — 1, kl — O Vl # T :
%D L —— Observed: DLI_{)TT =—-1+19°(68.3% CL) S BN S T T T T N N N T S BN 0
2 10F Expected: R5TT = 0£21°(68.3% CL) ] —2 —1 0 1 2
N L99Te i -
8 .
6 . Pseudoscalar hypothesis (a** = + 90°)
4P SN ] excluded at 3.00 vs scalar (/' = ()
:_ _ o e ey s Hrtt o
2 N\ /0 : -95% CL limitis |a™"" | < 41
0 I N | L
=90 45 0 45 90
a7 (degrees)
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Higgs self-coupling
V(D) = — 120 O+ (D' D)?

| |
=V,+ EméH2+/1vH3+ Z/IH4

30



| €9 HH production
-~ ATLAS ,0/60 INFN

\\ - EXPERIMENT

e Di-Higgs production at the LHC is dominated by the gluon-fusion
process, followed (1/20) by VBF production

ggF: G(ggHH) =31tb» 1 /1500 X G(ggH) HH production at 14 TeV LHC at (N)LO in QCD

g t H [TRp My=125 GeV, MSTW2008 (N)LO pdf (68%cl) |

Q00 p——@--" 7"
___‘;\ ‘
g 0999 A H

self-coupling A Higgs-top coupling 4,

destructive interference makes /=" > ¢

MadGranhS5 aMC@NLO

VBF:0 = 1.72 fb =~ 1/1500 X o(ggH)

HHVV quartic coupling

self-coupling A HHH and HVV single H coupling «; only in VBF production
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EXPERIMENT

HH — bbyy

INFN

o Phase space of 2 photons and 2 b-tagged jets, with m

Yy

- both CMS and ATLAS also look for aresonant X - HH — bB}/}/

- bkgs: yy + jets from data sidebands and single Higgs from MC fullsim

o ATLAS limit: 4.2 (5.7 exp) X GSM

o CMSlimit: 7.7 (5.2 exp) X (;SM
5‘105:'""'"""""'""""""""""":
=, L ATLAS —— Observed limit (95% CL) -
T J/s=13TeV, 139 fio~1 ---- Expected limit (95% CL) -
L i HH—>bE)'YY [ Expected limit +1c 1
L 1045‘ [ Expected limit +2c ;
3 i E== Theory prediction ]
Llé’ * SM prediction

o)

© 103}

102}
- Observed: k) € [-1.5,6.7]

: Expected: x) € [-2.4,7.7]

———

—
S~
SS
g

—————————————————

101...|...|...|...|...

10 -8 6 -4 -2

0 2 4 6 8

10

Constraint on trilinear coupling at 95% CL:
-1.5 < K; <6.7

around 125 GeV

, CMS 137 fb' (13 TeV)
. Observed
1.5
-
0.5
O
—0.55— % SM
: e HH cat. Best fit '
-1 — HH cat. 68% CL
B HH cat. 95% CL
150 HH+ttH cat. Best fit
~E HH-+ttH cat. 68% CL
- IHH+tt|I—I cat.i95% (|3L | i |
S0 15 10 5 0 5 10 15 20
2D constraint K
)

self-coupling «; vs Higgs-top coupling «,
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| ATLAS

EXPERIMENT

HH — bbt*t™

INFN

o ATLAS searches for HH — bbtt using 7,1, 7,7, 7;,7,
- 2 b-tagged jets categorized in di-z system decay mode
 bkgs from #f and Z+heavy flavor jets from fullsim MC

o jets faking 7, in #f and QCD estimated from data

bbtt and bbyy combination

— 105 """""""""""""""""""""""""""""" ] T ] T
=, ATLAS Preliminary — Observed limit (95% CL) | ATLAS Preliminary — ‘EDbsertveg
T _ _1 ---- Expected limit (95% CL) VS =13TeV, 139/ 1 Xpecte
% [ ﬁ __)1 Sg_te.y_éj 397b 1 Expected limit +10 OggF + ver = 32.78 fb B Comb. exp. I?mit 1o
L 10* g [ Expected limit +20 1 Comb. exp. limit + 2 o
= i E== Theory prediction
5 ¥ SM prediction Obs.  Exp.
S 108
bbt*T- \ 46 39 -
1 02 a bt_)yy — \ 4.3 5.7 —
© Observed: K, € [-2.4,9.2]
: Expected: k) € [-2.0,9.0] Combined ¢ 31 31 4
101 ...................................... |
-10 -8 -6 -4 -2 2 4 6 8 10 1 10
Ky 95% CL upper limit on signal strength
O/ GHH < 4.6 (obs), 3.9 (exp) O/ aHH < 3.1 (obs), 3.1 (exp)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-030/

CMS
INFN

& HH - 4b

EXPERIMENT

e Early Run 2 results focused on ggF production in the context of EFT using the three most

sensitive channels: bbbb, bbrt, bbyy with non-boosted topology:
e SM sensitivities 6 /6l < 6.9 (ATLAS), 7.3 (CMS)

°* VBF HH — 4b also targets the extreme kinematic of i,y # 1

- Two boosted H — bb candidates (two large-R jets)

- VBF topology, tf and QCD bkg discriminated with convolutional NNs

138 fb"' (13 TeV)

L AR RN RERRE RN RN R RERSE 1 4 23
E C M S ““““-‘:\-‘ ----- “--" _E 1 02 8 g :§t T | T T T | T T T T T T | T T T | T T T T :‘E:
1.5F Preliminary ot = — - ATLAS — Theory prediction ]
Lo N 0 ' % 10° = (s=13TeV, 126 ft' — Observed limit (95% CL) 5
1:_ ? g_ . - HH—bbbb === Expected limit (95% CL) .
0.51- _; ] _9';_ 10 = | Expected+ 1o E
C 3 S - Expected+ 20 -
oF ° 10°: =
I 107 ; ;
-05F & 107 5
,,,::',\.. . ;'l""';,: """""" 102 E E
-1r R e L, 10 =
-------- 68% CL R, = =
VY| S 95% CL """":7.,':-..__. .":'L'L'L';';'L.,._ 1072 C .
. ¢  Standard model R e 1= | | | | | e
_2I—| 11 1| I 111 1 I | SIS S o | I 111 1 I 111 1 I | N T | I 111 1 I s ' '—I-h _4 —2 O 2 4 6
4 05 0 05 1 15 2 25 3
Koy Koy
K  #0excluded @ >99.99% for ky=1 ~0.56 <K _<2.89 @ 95% CL
2V
(o)
0.6< K5y, <1.4 @ 95% CL
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https://link.springer.com/article/10.1007/JHEP07(2020)108
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-005/index.html
https://cds.cern.ch/record/2776802?ln=en

-

/o

N

EXPERIMENT

| ) Mullileaton HH search INFN

o Double H decays into 4W, 41, 2W27 in final states with £ = e, u and an hadronically
decaying 7, cover ~7.7% of the HH decays 1

bb B(HH — xxyy)
I D HH — Multilepton 01

e dedicated categories for 7 channels and 2 CRs ww

[ other CMS searches

e background estimates from data as ttH multileptons Pt
)

o Sensitivity ~ 20 x USM
g H ..
rY
35CMS HH—>MuIt|Iepton 138 b (13 TeV) z;J)>O ¢y bb WW 88 77 ZZ VY
. 1 S I NS H — zx
B 689% CL expected —— Observed 8 "H
3— . M — i 138 fb™' (13 TeV
[ 95% CL expected ~ ------- Median expected ] vy 10_(.:. S B |HH . lM‘.J'?".ePTO.”. . 3|8 o ( |3. & )
2_5; —— Theory prediction _ 8:— Excluded (observed) ------- Excluded (expected)_ﬁ
+ Bestfit value - 68% CL expected

¢ Standard model - 95% CL expected

95% CL upper limit on o(pp — HH) [pb]

10 -5 0 5 10 15
)\’ L
Constraint on trilinear coupling at 95% CL: g ST e

-2 ~1 0 1 2 3 4 5 C6

2t-2H coupling ¢, vs H-t coupling x,
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\CMS £ Kun 2 combinalion. | INFN

= EXPERIMENT

* Higgs physics in the era of precision (6% on p):
- ATLAS: ;= 1.06 £ 0.06 = 1.06 = 0.03(stat.) £ 0.03(exp.) = 0.04(s1g . th.) = 0.02(bkg . th.

- CMS: u=1 02”:8 82 = 1.02 £ 0.04(stat.) = 0.04(exp.) £ (th.)

35.9-137 fb™ (13 TeV)

® Observed

CMS — 15 (Stat @ syst)
I L L L I Y I Prellmlnary - +1o (syst)
.. +1o (stat)
ATLAS Preliminary —e— Total Stat. [ Syst. SM +20 (stat @ syst)
Vs=13TeV, 36.1 - 139 fb" B | P, =57%
m,, = 125.09 GeV, IyHI <25 MYY =
Pgy = 63% Total  Stat.  Syst. B
| !
ggF H=e= 1.02 :007 ( =004, 88@) MZZ —
VBF = 113 7005 (=008, Too0) - :
WH ——— 1.30 9% (.o17, '3I%) uww —”'E'—
21 e—— 088 0% (oM, o) i 5
| U™ — =
ttH+tH | ® I : 096 015 (o013, 'o13)
| | | | | | | | | | | | 1 1 1 | | | 1 1 1 | | | 1 1 1 bb E
06 08 1 12 14 16 18 2 22 24 26 W E

Cross-section normalised to SM value -

I B TR
1.5 2 25
Parameter value

o'/l in decay
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-005/index.html

)

CMS, | ' '

EXPERIMENT

K and EFT

INFN

* Combination also for in the kx-framework for 35.9-187 16 (13 TeV)
the coupling modifiers CMS o s
Preliminary — .2 <20 (other ¢, =0)
e assuming decays to SM-only particles - Pu™?
Copy X 107 ———————
2 SM -
K. — F /F (cWW—cB)x102 ....
J J' = J ]
c,x 10 — —f—
e e.g.universal vector-boson couplings i
¢, x10 —_—— —-—
Ky = Ky, = Kzand universal fermion -
. c, x 10* —-—
couplings kg = K, = K, = K, = K, i
cy x 10° =.|
L L7 Tt T ] B
. 1 15F ATLAS Preliminary * Observedbest it - ox10 S ol
" TF $5=13TeV, 36,1139 5 2 bsarved 95 L B R TR T R ST
1.1 My =125.09 GeV, ly, | <25 ¥ Standard Model Parameter value
- psm=2'8% 7]
1.051 E
1= 3 * OrEFT for BSM at ascale A > VEVH:
0.95E E constraints of Wilson coefficients of the higher-
0 95_ E order operators derived from STXS signal
0_855_ _ strengths . in each bin-i: o
0.8 E of
Cooy o by ey T —_—
0.95 1 1.05 1.1 1.15 ,Ml-(C-) —
J SM
KV Gl
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
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CMS

|53 Concluustons <R

EXPERIMENT

e The LHC Run2 provided data for a lot of results from ATLAS and CMS
characterizing the Higgs boson

- mass measured with 0.1% precision, and width measured for the first time with
50% precision

- the production cross section are now measured differentially in many STXS bins, in
several production modes

- fiducial cross sections and coupling modifiers measured at 10% level, allowing
interesting EFT interpretations

~ with H — u™*u~, next challenge is H — cc
- studied in many channels, including rare ttH

- searches for HH production for H self-couplings impressive

* The LHC is going to have new collisions in Spring 2022 with and

350 fb is expected per experiment for Run1+2+3 (+100 fb-' if Run3 is extended
of one more year)

- a unique opportunity to continue characterizing the Higgs potential: entering the
precision era for the Higgs field
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CMS

EXPERIMENT

5 Bvidence for H — y€™ €~ (iR

e Rare three body decay of the Higgs: BR(H — uuleely) ~ 3.4[7.2] X 107>
for me<30 GeV .

- LFV affecting B-meson R+ ratio could also affect the lyrate h put
- can be used to probe CP-violation in the Higgs sector

ZIyT Sy
> 30 e _
8 . -- Bkg ]
- Bkg+H—yy N . )
P 25 — Bkg+H—yy+Sig(u=15 1 ® 3 productions (ggH low pT, ggH high pT
S oL $ data 1 and VBF) x 3 final states (ee-resolved,
2 : ee-merged, uu)
A5 1 erequired new experimental technique
10F 1 formerged electrons in the e.m.
- ATLAS | calorimeter
5C Vs=13TeV, 139 fb F
- In(1+ Se/ Byo) Weighted sum - -
u=15%0.5 (stat)" 7 (syst)
@) . .
o ‘2‘ significance: 3.26 (2.16 exp.)
' i
2 0
N o
110115 120 125 130 135 140 145 150 155 160

m;, [GeV]
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https://www.sciencedirect.com/science/article/pii/S037026932100352X?via=ihub

| &)

| ATLA

EXPERIMENT

— yy." differential and fiducial (INFX

o Inclusive fiducial cross section measurement has precision of 10%:
- 054 = 05.2 = 4.5(stat) = 5.6(syst) £ 0.3(th) tb (ATLAS)

- 6qy = 63.6 £ 3.3 fb p p(H):

Ll 10: | T | T T T T | T T T T | | T
> r ..
3 F ATLAS Preliminary  H-—yy, \(_ 13 TeV 139 fo™
><103CMS 137 fb (13 TeV) _E : + -¢- Data, tot. unc. 2\ syst. unc.
> 60 _—l- T 1 | T T 1 | T T 1 | T T 1 | T 1 4—_ : | + eHd f |t MC XH
8 - H—yy, m, =125.38 GeV AII categones . %'_ 13 I =g o * . E
L2 - ¢ Data : 1) - XH = VBF+VH+ttH+bbH
c
o . _
> aof — S+B fit - 10!
o i Y L B component .
(O] B _
T 3o B =10 — ¢ e, e
-% - [ ]+20 - I PR
= L - 10%g 0
o) - ] - T
(B - ] I
= 10 . Y
2 - ] °
ol | | | | | | | = 1.5¢
S
S 1
o
2 0.5
©
o T R T N B T
0 50 100 150 200 250 300 350
P [GeV]

Unfoldingkeyvariables:
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b @H — 4. differential and fidueial (NN

* single- or doubly-differential distributions measured, consistent with SM

e Fiducial x-sections measured with 10% precision:

Measured [fb] SM prediction [fb]
ATLAS 3.18 £0.31 (stat) £ 0.11 (syst) | 3.41 £0.18
CMs  2.73102(stat) +02% (syst) 2.76 +0.14

—0.29
= 10 | T T T T T ] CMS 137 b (13 TeV)
o) ATLAS ¢+ Data . ~~ S
O 3 1 Syst. uncertainties > i
8 100sHsz2r 5w 0 NI\?EOEXE'I)'( g = 11 -47>’(H+XH = D ¢ Data (stat @ syst)
—_ - + - — =
N 102 Vs =13TeV, 139 fo e RadISH K =1, +XH 7 (D 1 - e Systematic uncertainty 3
& 100 NNLOPS K = 1.1, +XH 5 - . ]
I3 = p-value MG5 FxFx = 41% %5555 >T<Ht | VtBtI:g/:ls-lgtttHT]t():tél;lt;tm = B SN gg—H (NNLOPS) + XH
B _ 110 otal sta yst. u inty | , .
10 e 7 -value NNLOJET = 101 7o —#— Fitted ZZ* Normalisation 5 o 1 % gg—H (POWHEG) + XH S
e nLopS ~a ] — 10°'¢ [C277] XH=VBF + VH + ttH (POWHEG) =
1 7 -value NNLOPS = 23% . T - =R, = 8
= § @} ¥ Tl (LHC HXSWG YR4, m =125.38 GeV) 2
10—1 ;_ Njets= 0 Njets= 1 Njets= 2 Njet 23 _; Q 5 B i) I&'_
— = — O
Catll TR = L —
t | ] s 107¢ s IS
1072 . s = b"l: C
102k - E S O N
/ ......... il 10k ]
4 c
107 % | // // ///// //// -
© ' ; &
< 25 —
52— i ] JPRIPN i e e 1' _____ ISR I T et it { ..... SRR |r _____ Lop]
g 1.5 — ?5 1.4E g ‘ ................................................................................................................. ///_
8 1_ _______________________________________________________________ | 9 1.2k 13- N e - e ]
0.5 Z 1 it NN\ /| NN
= j Z  0o8EF ot @w' .......... A A T 3
9 {5F 9o OB F e 3
Z O e P s, SEE — g 107 ) TSSO ROS OSSR 000 SN I S 3
[0 T 0 Y ) S TPPPUPNPRPRPRPRTY PP
20'5_m'8'8'8m8'888'8 88_ o O'g||||||||||||||||||||||||
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https://link.springer.com/article/10.1140/epjc/s10052-020-8223-0
http://dx.doi.org/10.1140/epjc/s10052-021-09200-x
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EXPERIMENT

H—>TT.’WZ€W | MMM '

INFN

* Dedicated measurement of differential cross sections complements the

3
10
Q
L
T 1
e
o
£, 10"
b"l—
©
1072
n
o
@]
|
Z
=2
ie]
ie]
5
o

ones in yy, ZZ,bb, WW channels in the high p# region and high jet

multiplicity:

- 120 < pf < 600 GeV, Niets>2, pl! > 120 GeV

138 b’ (13 TeV)

I Observed
w7+ gg—H (POWHEG) + XH
s gg—H (NNLOPS) + XH

XH = VBF + VH + ttH (POWHEG)

120 < pf < 600 GeV

O;q (fb)

Ratio to NNLOPS

10°

102

10

138 fb™' (13 TeV)

—
) Observed
(I IS 9994995,

//////////

»»»»»»»»»»»»»»

X XX XXX X XX X X

SLELL

Njets>2

doy/dp_(jet) (fo/GeV)

Ratio to NNLOPS

10

107!

138 b (13 TeV)

I ¢ Obselrved I
wizzziizz gg—~H (POWHEG) + XH
gg—H (NNLOPS) + XH
XH = VBF + VH + ttH (POWHEGQG)

//////////

/////

2% N
LI

pit > 120 GeV

E. Di Marco

10/01/2022

Lepton Photon 2021 44


http://arxiv.org/abs/2107.11486

\\~\ EXPERIMENT

W) TXCinH — WWH INFN

* H-202v challenging channel where backgrounds needs to be
modelled with data accurately

o Large signal yield allows granular binning for differential cross sections

Measured [fb] SM prediction [fb]
ATLAS ggH 12415 104+ 0.6
ATLAS VBE 0.79__F8:}2 0.81 £0.02 137 fb (13 TeV)

~
- % geF —e— Observed =
CMS fiducial 86.5 £ 9.5 825142 & S e
tatistica 1
D W zHawn L Stast s
.................................... s - [ Experimental
T T T T T T T T T B dH [] Theoretical
ATLAS Preliminary Fed Total SO = =
» [ Statistical Unc. = = 3
Vs=13TeV, 139 fb Bl Systematic Unc. g - ]
H—- WW* — evuv I SM Prediction B 7
p-value = 52% Total (Stat. Syst.)  SM Unc. |
g0H-0/, " <200 Gov 120 "8IS (0% w0y o 10 € E
ggH-1j, p" <60 GeV 0.85 “oor (0% ‘o) | =0.14 E
9gH-1j, 60 < p* <120 GeV 073 03 (9%, ha) 1 =016 L
9gH-1j, 120 < p* < 200 GeV 146 700 (0%, Toa) | =02t 102
ggH-2j, p" <200 GeV 153 070 (toa Toer) : +0.21
ggH, p!'= 200 GeV ety 217 0% (0%, fow) | =028 5
EW qgH-2j, 350 = m, <700 GeV, p¥ <200 GeV | || 2020 0% (00 03y 1 o3 (é
EW qgH-2j, 700 = m, <1000 GeV, p <200 GeV F el 0.50 0% (oM. oSy 1 sot1 E% 1.5
EW qgH-2j, 1000 < m; < 1500 GeV, p* <200 GeV 1.07 0% (Toa. Tok) 1 =010 wbm 1k
EW qqH-2j, m; = 1500 GeV, p'' < 200 GeV 0.96 0% (0%, Tois) | =008 o
! N
EW qqH-2j, m_ =350 GeV, p" = 200 GeV 143 047 (108 1 +018 T L 009 0.5
i r ~0.41 -0387 -0.15 ! 9
—
PRI T T N T T RN S N S T N T T SN S AN T N S S NN T T S S N T SN T T [N S S T S AN SN SO S é 00
-1 0 1 2 3 4 5 6 7 8
SM
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https://link.springer.com/article/10.1007/JHEP03(2021)003
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-014/

&) H — 48 SMErT (cus) NFN

\\

—

\\‘\ EXPERIMENT

e Same analysis framework for anomalous couplings fits also SMEFT
parameters
- fits up to 4 parameters simultaneously, in the Higgs basis
* Cgg and Cge included and profiled away

* cyy and czy set to zero, assuming tightly constrained by BR(yy), BR(Zy)

CMS 137 b (13 TeV) 20 1 CMS 137 fb" (13 TeV)

0.5

-04 -03 -02  -0.1 0 0.1 0.2
dc,

results in Higgs basis can be
translated
in Warsaw basis
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EATLAS Hgg({fmmH - WW - eV Ul INEN

EXPERIMENT

o Effective Higgs-gluon interaction:

g R R o o

Lg)()p = — Iigg (K g cos(@)Gy,, GHHY -I-:K sm(cv)G“ G% "”’) H
Koo' coupling modifier

e Use production information of evuvjj events in kinematics/MVA categories

- CP odd/even separation from A®; distribution in high | An;;| regions

C B T T T i T T T i 1 L L L N [ L B O B L I L B B B
g | ATLAS Simulation _ = 6:—?51-—1-123Tev o1 1o — Expected ]
§ [ Vs=13TeV,ggF H—>WW*—evuv - N OFH— WW S evay — Observed -
% 0.5~ —CPeven --CPodd ---CP mixed 5: uVBF fixed to SM, k4, = 1 ]
- 1An1>3.0 i} — —
if ' : i} n ]
: ' A N - 20
0.1— .ot | - — - -
i X T & Sl - nl
i P I S 3— ]
- --:-- : .1.":'!_;._' : : :
0.05, i [ T 8 21~ -
: 1:_ ____________________________________________________________________ _: 1o
[ | L 3 | | E
0 2 4 6 'S .
A, "8 "6 4 2 0 2 4 6 8
2015, 2016 data used ! tan(c)

tan(a) = 0.0 £ 0.4 (stat) £ 0.3 (syst)
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https://arxiv.org/abs/2109.13808

Compact Muon Solenoid

- ATLAS S7TXC m”mﬂ’ @

EXPERIMENT

. Precisio n era ° ATLAS Pre“mlnary I I ' " Total Stat. S'yst
R 1 0.14 [ +0.12
o Vs=13TeV, 139 fb" Byy/Baz H—— 1.09 005 (To7, £0.08)
m, =125.09 GeV, <25 BBz H—— 078 1028 (+023 4016,
H H I 0 o180
+0.14 / +0.1 +0.09
. : Py = 92% qofe e LI
B../B,,. 0.86 1016 (1012 1010
- Combination of several channels —— Total ISt e
== Syst. | |  SM 0 05 i 15 3
f h Total Stat. Syst.
I l I I I I I et pH 1 022, +0.19 +0.11
Or t e S XS easure ents O-jet, pi < 10 GeV = 089 0% ( Zo4ss 040)
0—jet,1OSp’;<200GeV lm 114 fg']i( +012’+ggg)
1-jet, p!! < 60 GeV == 057 +028( *0%2 +o18)
[ ] o .
o 7 t tH d 1-jet, 60 < pH < 120 GeV ary 106 028 +025 1013,
- T : —027\ —0245-0.12
e unc within 13%-100% apart tH an ] B
99—H x Bz, . " | 109, Lo o
. > 2-jet, m; < 350 GeV,pT<60 GeV e — 047 *loa( 09804
few extreme bins B oz 21 -0s 203
2 2-jet, m; < 350 GeV,120£p’;<200 GeV 0.54 igig( tg.gg:g.gg)
> 2-jet, 350Smj,<700 GeV, p;"<200 GeV —_— 276 tlgl( tggg,tgig)
I [ d Oﬁ . I > 2-jet, m; >700 GeV, p';'_"<200 GeV PEE——— m——— 0.74 ‘*‘12‘3‘( "‘123 ;"ggg)
T —143\ —1295-0,
- coup lng modiner per partlc e type 200 < pf < 300 GV = 105 1035 ( +0a Lole)
o0 < 1 < 450 G e Y
I -043\ —039-0.
H +147 [ +137 +052
pT2450GeV I--l—E—-I 1.86 T g ( —1.12!—0.42)
S1-jet e————— 1.40 +1410( +1.02 +0.40)
-099 \ —093:-035
2 2-jet, m; < 350 GeV, VH veto | —_——— 208 18 ( 1146 +075)
- —152\ —1375-066
> 2-jet, m; < 350 GeV, VH topo —=—— 1.00 rg.gg( ig'i; :g.gg)
imi H 049 ; +0.44 +022
ATLAS Preliminary 68% CL >2-jet, 350<m <700 GeV, p'! < 200 GeV ._E_..l 033 048 +0d4 4022,
A ° H B > 2-jet, 700 < my < 1000 GeV, ,DH<200 GeV ———— 0.95 igg;( tgg% :gg?)
Vs=13TeV, 36.1-139 fb WX Bz | 1000 < m, <1500 GeV, p< 200 GeV  mmmc 1o 08T ( 1050 03
: I (0400 0450
- H +039 , +0.35 +0.18
my = 125.09 GeV, IyHI <25 — 95% CL 2 2-jet, m; > 1500 GeV, 57<200 GeV o 1.15 78‘3?( S0 ug.}g)
i +0. +0. +0.
> 2-jet, m; > 350 GeV, pif > 200 GeV [=w] 121 T ( TonesTod)
Kz .- - T vemeey T A A7 [ +115 10220
= : - : - py<75GeV t - ! 247 Ty ( Iioz2:l012)
Kw - -* 75% py <150 Gev = 164 T0% (1057 *0%)
L E _ E | qq—HIv x B,,. 1503p¥<250 GeV 'TE-' 1.42 ig;g( tgg;:ggg)
: : 72 . }
K ———— ———— 250 < pY < 400 GeV ,TE_.. 1.36 fg_gs( igig :g_gg)
: : v 145, +122 +0.79
K i : : N py 2400 GeV ————— 191 "roe( Toss s oss)
b — == O S
K B : . 1 p7‘{<150 GeV —_— 0.21 tS-Z;( +0.54 !+g.45tg)
—mm— —a— v +063 , +053 +034
v : . 150 < p <250 GeV I 130 Zo4e ( Zoa1s-022)
B : ! ] 99/aq—>Hll x Bz 250 < pY < 400 GeV I 10g *073( +064 +036
Ku ’ ' s e pogi - P
—*— Vv +1. +1. + 0.
L : : N py 2400 Gev =i 039 2474 ( Zogtr-0ss)
K : e N e L ] -I --------------------------------------------
g = = H +0.78 ; +072 +0.29
. . pH < 60 GeV ———— 075 *¢ 2
R : : - T 120 Gav . cose  Caceomon)
K, i > spr< == 0.69  “o4a ( “oua2s-015)
B : . | . 120 < p!! < 200 GeV ,__?_., 0.86 igli?( tg.ig :gfg)
: : {TH x By, : 437-0.
Kz, . : “ 200 < p7f < 300 GeV ——— 096 0% ( ‘04 020)
: ' H T |, +079 , +066 +0.43
B - B B ' . ' | 3OOSpT<450 GeV 0.28 7(1)52( 70.59’7?23)
: .= = : H +1 144 +1
i. i 0 « p’ 2450 GeV ——y 016 176 ( ioeli%s)
B [ Peu = 33% L S OGEnEr (LR e TP PR L TP TEPEEREEEERPREE e
+363 , +3.35 +1.39
YL | | | | P . 290 “52( 135,008
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Parameter normalised to SM value
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