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Outline

* Couplings and cross sections measurements e CP measurements
* Combined measurements (CMS, ATLAS) * ggH (CMS, ATLAS)
* H - yy (CMS, ATLAS)  HVVin VBF production (CMS, ATLAS)
« V(H->WW?")(CMS) * H - 1t (CMS)

e H - WW* (ATLAS)
« V(H - bb) (ATLAS)

* H — 11 (CMS, ATLAS) * Not covered by this talk:
e H->ZZ" > 4l (backup)
* Mass measurements « H - bb (backup)
e H->ZZ*, H - yy (CMS, ATLAS) * CPstructure of ttH - see talk by T. Strebler (backup)

 ttH - seetalk byT. Strebler

* EFT interpretations - see talk by T. Calvet (backup)

* Double Higgs production - see talk by F. Monti

* Raredecays (H = uu, H - Zy, H = cc) - see talk by S. Donato
e STXS vs fully fiducial measurements - see talk by N. Berger

* Differential cross sections measurements - see talk by F. Alves
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Introduction

* Since the Higgs discovery in 2012 we have performed more and more precise measurements
* Focus on measuring the Higgs properties looking for confirmation of the SM or any possible sign of new physics
* LHC Run 2 finished in 2018 collecting 140 fb! per experiment at 4/s = 13 TeV - excellent performance of LHC!

CMS Average Pileup (pp, Vs=13 TeV)

1 160 [T [ | [ [ T T T
QO — 6000 : : 6000
> Prelimi s © i 3 —
= 140—rreiminary — S 5000 B 2018: <u> =37 |
- Delivered: 156 b’ o - . = |
2 - [LHC Delivered | Rocordod: 147 6" ] = B 2017: <u> = 38
£ 120F ‘ \ : :<p> =
£ Physics: 139 fb 2 [ 2016: <u> = 27
-} C DATLAS Recorded . ] £ 2000} mm 2015: <u> =13 14000
— — — >
go) 100 C |:|Good for Physics - =
% 80F = 2 3000} 13000
2 [ : E
B N P _
€ 60— — : 2000! ol (13 TeV) =800 mb |,
— C 7 0
© __ o T
o 40 1 S 1000/ 11000
= C Je v
C g o
20__ — Es.{ -4
0 C_ 1 | I AT O T BN I L % 20 D‘ol (.,ol %OI \90 0
\\6 \\6 \-\6 \\6 \\1 w\1 \\6 \\8 H . -
yat 3\)\ yat 3\)\ yaf 3\)\ yoh 3\)\ Mean number of interactions per crossing

Month in Year

26/04/2021 Alessia Murrone — INFN Milano — SM@LHC




Higgs production and decays

charm/anti-charm, 2z V;% 2+ others

o |20, 0. _0.2% 0,
tau/anti—tau_i_é ".3’6\ I,-'f.-f-—-"‘O'GA’
6% ) i

2 gluons —
9%

Main production processes at the LHC (cross sections at /s = 13 TeV for my = 125 GeV)

q

H° WW, ZZ fusion : H°

q + Llarge BRfor H—» bb, H > WW* and
2 H - tt, however more challenging
Oy = 0.51+003 pb oy = 1.37 + 0.03 pb channels: poor mass resolution,
~0.05 , oo =0 88+a°4 b background contamination and jets
: zH = 9-99-0.03 P tagging for H — bb
9 t
e e " - HO q G Vi * SmallBRforH - ZZ* and H - yy,
' £ \ however cleaner channels with high mass
g ] _ 5 resolution
t 9 W, Z bremsstrahlung
LHCHXSWG
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageAt13TeV

Higgs couplings and cross section
measurements




Observation during Run 2
Status

Evidence during Run 2

* Observation of all main production processes (ggF, VBF, WH,ZH and ttH)
« Observation of most of the bosonic and all main fermionic decay modes (H —» ZZ* ,H - yy,H > WW* H — bb,H — 771)

. . -1
* Evidence for H — i by CMS experiment N S mf”f-9'1|37 TP”(]?T?V)
* All measurements in agreement with the SM predictions El: 1 cMS Wz Leedd @
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* Results from ATLAS and CMS combined measurement using H - ZZ* ,H - yy,H » WW* H - bb,H - 11
(ATLAS-CONF-2020-027, Eur. Phys. J. C79 (2019) 421) r N
* Global signal strength from ATLAS combined
O'iXBf
o _ 0.05 /- measurement
Uif = —<——<i7 = 1.06 + 0.04 (stat.) + 0.03(exp. syst. ) T2-92(sig. th.) + 0.02(bkg th. , ,
4 oM xBM H (stat.) (exp. syst.)Zg.0a(sig. th.) (bkg th.)1], Experimental systematic and theory
\_uncertainties comparable to statistical ones |
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http://cdsweb.cern.ch/record/2725733/
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-019-6909-y
https://link.springer.com/article/10.1007%2FJHEP01%282021%29148

k-framework

* Coupling strength modifiers introduced to study possible deviations of Higgs couplings from SM

* Use common coupling modifiers for bosons and fermions = ky, kg

ZFSM

k
ff
(JiXBf) = kiZJiSM k2 FSM
H*H

35.9fb™ (13 TeV)
o e 2
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+ Bestfit

Y SM expected

05 i H—bb DH—)TT

__DH—>ZZ EIH—)W
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l . 1Eur.Phys.J.C79(2019) 421
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* Analysis with 36 fb!
e Results compatible with the SM prediction within the 2o region
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1.3

1.2

1.1

i, f - production mode, Higgs decay final state
SM - SM expectation
['y = total Higgs width
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ATLAS-CONF-2020-027

Partial or full Run 2 statistics according to the decay channel
Results compatible with the SM prediction within the 68% C.L.
Level of compatibility with the SM hypothesis corresponds to

p-value psp = 45%

ATLAS
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http://cdsweb.cern.ch/record/2725733
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-019-6909-y

Simplified Template Cross Sections (STXS)
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* From signal strength/total cross sections to simplified template cross sections measurements Stage 1.2 »
* Cross sections measured separately for different production modes in mutually exclusive 0
. . . . .- . . . H 174 60
kinematic regions - identified using variables like pr, Njets, m;j, pr .

* Less model-dependent measurements and minimization of theory uncertainties impact 200

Stage 1.2
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* No dependency on the Higgs decay channel - makes the combination easier

* Maximization of experimental sensitivity
* |solate possible BSM effects

* Used different granularity depending on channel sensitivity
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Stage 1.2

Stage 1.2 VH = V(— leptons)H
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CMS-HIG-19-015

137 fo'' (13 TeV)
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Cros

Extensive use of Machine Learning techniques in both analyses
Multiclass BDT is used for separating events in different STXS bins, then a
binary BDT is trained to improve separation of signal from background events

Dominated by statistical uncertainties but results in agreement with the SM

s section measured in 27 kinematic regions

(CMS also uses Deep Neural Networks)

expectations

/04/2021
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ATLAS-CONF-2020-026

T T T l T T T I T T T I

ATLAS Preliminary Fed Total

Vs=13TeV, 139 fo’'

H—vyy, m, = 125.09 GeV |
gg-H0J0<p! 10 ==
gg—HOJ p:>1o 'm|
9g-H 140 <p! <60 ==
99-H 1060 <l < 120 |_IE_|
9g—H 1J 120 <plf < 200 |—DL|

gg—>H 22J 0 < my; <350, c<p¢<60 =

9g—H >2J 0 < mj; <350, 60 < p}f < 120 —=
9g—H 22J 0 < mj; <350, 120 <p} < 200 ==

T T T | T T T I T T T |

Stat. = Syst. || SM

Total Stat. Syst.

076 ‘03 (t0.26, D)
147 02 o5, )
091 ‘M o0, T
118 10 (1037, ‘Sod)

+0.11

0.70 +052 (£0.50, i
+1.28 +116 4055
047 21 (115 -038)

028 +059 (‘ar, o

+0.48 +0.17,
060 o4y (045, 74)

gg—H 220 my; > 350, 0 <p! < 200 —== 2.5 1?_519 ( :;)..;a’ 1%197)
gg—H 200 < p¢ <300 [ 1.00 f&;‘;) fgﬁs&’ fé).ggS

99H 0 <5 <450 == 020 555 (asr 009

—— ot 21 1 D
——— s 12 2
qq-Hq 220 0.<m <60 | 120 <m <350 ——=—=—=31 :1;324 ( :1.6720’ ﬂ;)
qq—Hqq >2J 60 < m, <120 I-—E—| 0.76 +(§)§: :;)..:01, T(:)..ZZ“S)
qq-Hqq >2J 350 <m  <700,0< p: <200 F_gé_l 0.79 +c§)6753 ?5662’ +l$3328

qa-Haq22Jm  >700,0< p: <200 F!E'| 1.09 fg.sﬁf ( fgéztsav Té)_'1271)
qg-Haq 22 m > 350, p: >200 == 135 +(§):: +(§)3481v +001270)

nH0<p:<6o |
H
1tH 60 < pl! < 120 —=—

|
qq—»Hlv0<p:’<150 I = | 241 +007701 (+0.67, +(§)1292)
ey > 150 = 264 6 (0ar ‘017
o — o0 52 (4% 52,
010 5 (51 01a)
I = I +0.83  +0.80 +0.21

076 970 (068 -0.17)

4054 4053 +0.10
072 46 (-0.46° -0.08)

+0.63  +0.61 +0.17,

tH 120 < < 200 —==—] 1.06 054 (0520 -0.14)
. ose 05 (32, 0
H |—EIIE~—| 0.85 f;ﬁa (fzs_';f, 1;’;;)
1 L 1 | 1 1 1 I 1 1 | I 1 1 L | 1 1 1 I L 1 1 |
-2 0 2 4
c"/cl},
oXB,,) =127+ 10fb
( 144 obs -



https://cds.cern.ch/record/2754281
http://cdsweb.cern.ch/record/2725727

IV ( H-W W ) C \V/ S) CMS-PAS-HIG-19-017
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e Targeting VH production

» Different categories according to the final state (from 2 to 4 leptons and O or = 1 jets)

* Maximum likelihood fit to the reconstructed mass of the Higgs or to the BDT ouptut according to the category
* Measurement in 4 STXS bins

* Results compatible with SM predictions
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https://cds.cern.ch/record/2758367

(0vBEXBr—ww)obs = 0.79731¢ pb

H — W W * ( AT |_ AS) (ovBrXByww)sm = 0.81 £ 0.02 pb ATLAS-CONF-2021-014
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(agngBHqWW)SM = 10.4 + 0.6 pb & zi | | i
© NN ;.i.‘.o.?,.f...o....,...q....,g,...i.+. ++ NN
. . © S +} ¢ * { N 3
e ggF and VBF production cross sections measured O osf =
* Required two different flavour and opposite charge leptons in the final state . 1;‘2?' S —
e Discriminant variable—> transverse mass of the dilepton system my in ggF categories and T
g F
Deep Neural Network output in VBF category g a0 _
1 1 1 1 0: 9T — Res— g i i‘!’r';tr’.'t..t.0101.:-
e STXS measurements in 11 kinematic bins 00 qa peeeses
e Systematic uncertainties larger than statistical ones in inclusive measurements and in some mr [GeV]

STXS bins, signal theory uncertainties among the most relevant ones
* Results in agreement with the SM expectations
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http://cdsweb.cern.ch/record/2759651

S Eur. Phys. J. C 81 (2021) 178 ( _. _ _ )
qg ; ATLAS VH, H — bb, V — leptons cross-sections ;
V(H - bb) (ATLAS)
* H — bb most sensitive channel to VH production s Vew ! Vez .
@ ) ! )
L bb _ +0.07 +0.14 102 = 1 - =
WH and ZH measured separately ubl = 0.93+3-97 (stat. ) F914 (exp.) - : -
[« VH > bb resolved ) g 1 B .
= bb resolve _ = —3F— E
* Higgs candidate reconstructed as two separate jets s F I ]
« BDT output used as observable for the fit e O 7 T T 3 y
o I T ~ =
* Single bin for STXS measurement with pr}’ > 250 GeV S osf 1 ! J_ ]
- i 75 v 75 50 o2t
0 TS < pt < P2t FEN
h V v")’WJV?&) %0 Gey oS 506, 3 S350 0 Gel
« VH - bb boosted (pt > 250 GeV ) \ Gey °v v

* Higgs candidate reconstructed as a single large radius jet
* Signal strength and STXS measurements performed using a binned

maximum likelihood fit to the mass of the jet m; using all SRs and CRs S 12-aLAS Boosted VH, H - b, V  leptons ]
Q = Vs=13 TeV, 139 b’ ® Observed == Tot. unc. Stat. unc.
> Qo 10— ’ —]
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8 6 ATLAS‘ l I —0—[Data ‘ l 3 X 8:_ T _:
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CMS analysis with 36 fb | ' € 2 - 1 L1 L
= bb _ +0.29 +0.26 o ! =
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Phys. Lett. B 780 (2018) 501 & 9 - * : —
° : — :
P g o = T © .
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w o < e ” <4 0 Ge
m, [GeV] Phys. Lett. B 816 (2021) 136204 %006, v 00 v
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https://www.sciencedirect.com/science/article/pii/S0370269321001441
https://doi.org/10.1140/epjc/s10052-020-08677-2
https://www.sciencedirect.com/science/article/pii/S0370269318301618?via%3Dihub

CMS-PAS-HIG-19-010

CMS Prefiminary 137" (13 Tev Phys. Rev. D 99 (2019) 072001
H % TT +40Obs. [ Jttbkg. [lZ— ee/up[ltt + jets —— T
1 [ Jimis-iD[Others  Unc.  [lH-tt (u = 0.85) ATLAS Vs=13TeV, 36.1fb™
= CMS. P rellm/nary : : : : . : 13_7 b _(13 TeV) D so0l- 100 1 4 ome-u 1 —total —stat. —SM exp. total (stat., syst.)
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§ __21 GH—>1’7 [pb]
-3 S > = = S = S g = =
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2 f 5 E § § % i 3 & STXS [o9F Nigw > 1, 60 < pt < 120GeV, |yy| < 2.5) 1.79+0.53 (stat.)£0.74 (syst.) 0.40=0.05
u=0.85F 8 38 r T 3% 3 : 5 % ggF Niww > 1, pi > 120GeV, lyg| < 25 | 0.1240.05 (stat.)&0.05 (syst.) 0.1440.03
° 8 S 3% VBF lyr| < 2.5 0.25 4 0.08 (stat.) % 0.08 (syst.) 0.2240.01
* First STXS measurements in H — 7t using full hadronic (Tha4Thad)
and semileptonic (TjepThaq) final states
* Cross section measured only in ggH and qgH bins > H — 77 most ( )
. . . i -1 i i
« Z - Tt mainirreducible background evaluated with data-driven ATLAS H — Tt observation _ _
. . [ ]
method, embedding technique First attempt ?f STXS mea!su.rements with 3 bins
« 2D maximum likelihood fit to reconstructed m, and other variable * Agreement with SM predictions
like pqﬂ for ggH and m;; for qgqH . ATLAS

* Agreement with SM predictions
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.072001
https://cds.cern.ch/record/2725590/

Higgs mass




Mass measurements o 12500 £ 024 Gev

Phys. Lett. B 805 (2020) 135425

Phys. Lett. B 784 (2018) 345 JHEP 11 (2017) 047 ATLAS-CONF-2020-005
3 ~ eDta ATLAS | > CMSI RARRERARRN e > | | | |
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- _ . i l L XX, VWV N
s C . 2 C [ ag-2z, 2y 1 @ 140F B Zijets, i A
N 400:_ _: qc_) B - 9922, Zy* h E C % 2 Uncertainty ]
C . > 50__ - Z+X ] () o Z E
C ] w C ] > 120
300 - - 1 W : ]
s - 40— ~ 100 .
200— ] N ] C ]
C . - ] 80 .
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2 H—— ] l I . 20 = C .
g 205 E : 1 E
| o E IS 20 :
g 03 - %
H -
iy —10 L L 0
71020 130 140 150 160 70 80 90 100 110 120 130 140 150 160 170 0 10 120 140 160
m,, [GeV] m,, (GeV) m,, [GeV]
my = 124.97 + 0.16 (stat.) + 0.18 (syst.) GeV my = 125.38 + 0.11 (stat.) + 0.08 (syst.) GeV my = 124.92 + 0.19 (stat.) 352 (syst.) GeV
ATLASH —» ZZ* and H — yy combination, CMSH — ZZ* and H — yy combination, Result with 139 fbl: ATLASH — ZZ*
Run 2 36 fb! combined with Run 1 Run 2 36 fb! combined with Run 1
measurements at /s =7 and 8 TeV measurements at /s =7 and 8 TeV
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https://www.sciencedirect.com/science/article/pii/S037026932030229X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S037026932030229X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269318305884
http://cdsweb.cern.ch/record/2714883

Higgs CP




CMS-PAS-HIG-19-009

4CMS Preliminary 137 fb" (13 TeV)
e ) -1
g gH :  Observed Expected : CMS Preliminary 137 o' (13 TeV) e 20 |
i i 0 01 RS ... POE 18 %
af — ggH(4)) ] T o 16 o
i 1 ' 14
! ]
% 2 i A 12
o T S0 10
i 68% CL 8
________ 6
R 4
N e -0.01 i m— 5
1 ~0.5 0. 0.5 1
fgg -0.01 0 0.01 0
» Test CP structure of Higgs coupling to gluons using H - ZZ* — 4l events Cog
e Use discriminant variable based on matrix elements both for separating signal from
background events, and CP-even from CP-odd events
. fcgf;H parameter extract from likelihood fit r )
(az3—~> CP-odd coupling, a,—> CP-even coupling) * CP structure of ggH vertex also measured in ATLAS
1  H - WW?*events
H |a88|? a8® Cog = —5 05,  Exploit both rate and shape informations (signed
fgg — 3 si gn as- T
|a58|2 + a8 |2 a8 o1 e A®;; between the two leading jets)
88 az- -
- 2me . kAgg/ kpgg = 0.0 + 0.4(stat.) + 0.3(syst.)
o T L 5
L;rgged by statistics at 68% C.L. ATLAS-CONF-2020-055
S —0.5373>1 at 68% C.L., compatible with CP-even SM prediction \ J
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https://cds.cern.ch/record/2725543
http://cdsweb.cern.ch/record/2743624

Phys. Lett. B 805 (2020) 135426

- I I I I L B

HVV vertex in VBF production =R g oot -
o 025—+——++—F+ 71— < :\F -1 f|epT|epg';:

g - ATLAS Simulation —sM@E=0) 25 s=13TeV,36.1 1 qeptlep = -

8 023_\I§=13Tev ....... 8:0.0:1 B ~r .

% ) 5 VBF H— 11 edo-02 : C 1

5 C ] 2 e -

'5 0.15— —: - ]

: S S e 1.5 -

0.05; e é 1:_ J

L o I B T Ea— 0.5 >

Optimal Observable E :
Test CP violation in VBF production (HVV vertex) using H — Tt events -0.6 0.4 -0.2 . 4 06
Parametrisation: d

|M?| = |M52M| +d -2 Re(MéyMcp—oaq) + dlegP—odd| * Similar analysis in CMS targeting VBF production

* Different parametrisation

Use discriminant variable sensitive to CP-odd contribution - Optimal Observable * Discriminant variables based on matrix element

calculations
_ 2Re(MsyMcp_oaa) * Results consistent with SM
1= M2, * fazcos(¢,3) <—0.27 and

fazcos(dp,3) > 0.27 at 68% C.L. in

BDT for separating VBF Higgs events from background and then maximum combination with H — 41 decay

likelihood fit to Optimal Observable * f43 ratios of cross secfcions sensitive to CP-
No sign of CP violation > d < —0.090 and d > 0.035 excluded at 68% C.L. Phys. Rev_%dfog’(‘fo'}‘g‘)'?ﬁoco%“p“”g
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.112002
https://www.sciencedirect.com/science/article/pii/S0370269320302306?via=ihub

CMS-PAS-HIG-20-006

H 3 TT C I\/l S CMS Preliminary 137 fb! (13 TeV) 5 00 CMS Preliminary 1B7/H 1 (13TeV) .
[ T T T | T T T | T T T | T T T i . N T T T T T T T T T T T T _ 1
10F —— Observed: $o5 =4 417 °(68% CL) - C * SM ! | — 6|8% CL 3 ]
799 790 Expected: ¢oF = 0 + 23 °(68% CL) i 1.75 % Best fit == 95%CL 7 |1
e ittt el At i - — 99.7%CL 7 |420
Y- — 1.50 = |3
Q[ ] 125F 3 445w
— L - = - - - Q
g i ] ~ 1.00 & 3 1 =
T, [95% 1 2 H109
N s T TS SR A ] 0.75 !
[ ] 0.50 »
2 — % - T ] 5
- 68% 7] C 7
—_ o I U N /A ] 25 —
¢TT = (4i 17) at 68% C.L. 0_ | ] 0 55 Hogh = pv =1 3
L L L L L L L C_ 1 1 1 | 1 1 1 | 1 1 1 | 1 1 [
=90 —45 20 000 65 45 0 45 %0
. . ¢ (degrees)
* First direct study of CP structure of H — 7T vertex Prr(degrees)
* Analysis exploiting ;75 and 1, T;, decay modes
e Parametrisations of the CP-odd and CP-even couplings using the ¢, mixing angle CMS Simulation Preliminary 13 Tev
. S AR AR RN R RS
tan(é ) k. k; — CP-even coupling S 0.1 s oz ]
an — —_— ~ . £
¢ e k. k; — CP-odd coupling 008l
e Discriminating variable - angle between the T decay planes, ¢.p [
. . . 0.06
* Impact parameter method for T decaying into u¥ or single 7
* Neutral pion method for the other production modes 0.04
+ + T I
(p* - t*n0 af - 1*nn0 ai - nintnt) ool
* BDT use to enhance sensitivity i
. . . . TT — 7T p;>33 GeV i
o b b by b s by |
* CP even distinguished from CP odd hypothesis at 3.2 o ™80 100 150200 250300 350
* Mixing angle compatible with 0 9.p(degrees)
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https://cds.cern.ch/record/2725571

Conclusions and outlook

e Peak luminosity =Integrated luminosity

* Most of the ATLAS and CMS Higgs analyses with Run 2 full dataset are public 6.0E+34 —
or being finalized

— — 3500

5.0E+34 3000

2500
4.0E+34 +--ctoocoeofoentos

* Many measurements results, a lot of progress regarding analyses techniques

2000
3.0E+34

e Higgs physics is entering the precision era
* Precise measurements of Higgs couplings and other properties
e Search for deviations from the SM predictions as a sign of BSM physics

1500

Luminosity [cm2s7]

2.0E+34 : o foict-o

Integrated luminosity [fb]

1000

1.0E+34 -}

500

1 . 0

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

* All the results so far are consistent with the Standard Model 008400

Year

* Looking forward to Run 3 and High-Luminosity LHC with expected integrated luminosity of 300 fb'! and 3000 fb!
* Access to 2nd generation fermion couplings

* Higgs self couplings - explore Higgs potential and look for any sign of new physics

Stay tuned for more results!
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* 22-0j H—
> > ATLAS | — -
Xiv:2103.04956 , submitted to EPIC A o =l - _
arXiv: . , submitted to . Vs=13TeV, 139 fo’' ox| i
— _CMS 137 o' (13 TeV) Reduced Stage 1.1 - |yH| <25 1 T2 T4 "T6 18
é i + Observed (stat@syst) HsZ7Z —#— Observed: Stat+Sys SM Prediction NP
-§ el T §8M prediction my=125.38 GeV o | [m] Observed: Stat-C?nly p-value = 77% o-B [fb] (GB)SM [fo] |
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H = 0.94 + 007(Stat )tggg (SySt) E 20:_ N(jets) =2 %Hbzgg ozther ]
_— . . . i 5 | 9q-2Z, Zy' 7
* Events classified using mutually exclusive categories - | mmogozzt
. e . C | " ]
* To further increase the sensitivity Neural Network output are used as observables o | - ]
for the fit (ATLAS) oF | E
* Production-dependent discriminants related to the probability of having a certain - ﬂ I + ]
. N - 5F= —
production, calculated using matrix elements (CMS) B . - .y . :
. g . Pregi (O |1, | =
« Dominated by statistical uncertainty DYBF — |1+ b (0 R VR A TR AN TR R
. . : Pypr( O Hi[myy) Dyat
* Good agreement with SM expectations 2
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x10° ‘ B ATLAS-CONF-2021-010

- E 7TCATLASPreiminay 4 paa = = ‘ :
To} 6:—§R=L 1:5-561\/513?(;50 GeVD H, p (1=4.850) B %) | ATLAS Preliminary :
% ~ T O- ] G 80 Vs=13Tev, 136 fo"
S sk - © [ [ e Fit 1
R L) - : o —— 95% CL Upper Lim ]
3 - CMS W ] 4 E I ]
NG - 450<p <1200GeV - z i C 3 = 7
- 20000; Deepdoublg-btagger ::::\tllultijet _ 3:_ _: L 4
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87 Ot gL L{* by - b P e ———SS 4 -aY 112
2y ] 8 -H* { T g [ oms ~ b ;
80 80 100 120 140 160 180_ 200 k. oot == LHCHXSWG approx. NNLO 7
i mgp (GeV) i 80 100 120 140 160 180 200 ol == HJ-MINLO B
* Boosted regime: p;y > 250 GeV (ATLAS), pt > 400 GeV (CMS) Jet mass [GeV]
* Inclusive in production modes o E
* Higgs candidate reconstructed as a single large radius jet containing at least two b-tagged S e BN I
track-jets (MVA likeihood-based algorithm in the case of ATLAS and Deep Neural Network of | ’
gx 101 E
algorithm in the case of CMS) €9 | |
* Inclusive, fiducial and differential measurements | .
* Signal strengths and cross sections retrieved from a binned maximum likelihood fit to the o *
mass of the jet using all SRs and CRs gEvob —
* Excess in region with pf > 650 GeV with a local significance of 2.6 ¢ seen by CMS or— . ]
* Results in agreement with SM expectations 400 600 800 1000 1200
pT (GeV)
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https://link.springer.com/article/10.1007%2FJHEP12%282020%29085
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CP structure of ttH vertex Ao S
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Hadronic CP Discriminant

* Probe CP structure of ttH vertex using H — yy decay channel
e Parametrization of the coupling
L === {fux [cos(@) + isin(@)ys] g} H
Phys. Rev. Lett. 125 (2020) 061801

* aisthe CP-mixing angle, k; is the top Yukawa coupling * Similar analysis in CMS
- a=0k;=1 (SM), a = 90° (pure CP-odd) * No sign of CP violation - pure CP-odd excluded at 3.2 ¢
« Afirst BDT is trained for separate ttH events from background and fest = 0.00 + 0.33 at 68% C.L.
and a second BDT to separate CP-odd from CP-even couplings 72
* Maximum likelihood fit to m Htt Kt o (7 k; — CP-even coupling
44 CP k|2 + | R |? sign(, /%) k, — CP-odd coupling

* No sign of CP violation - pure CP-odd excluded at 3.9 ¢ and
|a| = 43° excluded at 95% C.L.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.061801

ATLAS-CONF-2020-053

EFT Interpretations

ATLAS Preliminary —— 68 % CL
STXS measurements in exclusive kinematic regions interpreted with EFT VE=13TeV, 139171 e 95 % CL
my = 125.09 GeV, |y <25 —® Linear
approach SMEFT A 1 TeV Linear + quadratic
* Allow to look for possibile non-SM contributions to the tensor structure of the
Higgs boson couplings (d) Chg uGumop (X10) | 7 O
(d)
O ford >4, Y N
Al P
HW,HB,HWB,HDD,uW ,uB |
* Wilson coefficients expressed in the Warsaw basis and experimentally 02 01 0 0.1 0.2
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. . . 7 1 P P E—
e ATLAS EFT combinationusing H - ZZ ,H - yy,H — bb C i Hal Hef®
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From dimension-6 parameters in Warsaw basis to dimension-6 parameters in fit basis
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ATL-PHYS-PUB-2021-010

EFT Interpretations e
Vs=13TeV,36.1fb~1 e 95 % CL
SMEFT A =1 TeV * Best Fit
e ATLASH -» WW™* — 4l and diboson production analyses
. . . . . . 1 [ e 0
« Combination of different inputs, H = WW* production cross section and SM WW e
differential cross section, use to constrain EFT parameters
~0.04 —0.02 0 0.02 0.04
» Stepping stone for global EFT measurements "
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Impact of EFT parameters on H - W W™ signal strength modifier,
normalisation of WW background in ggH and WW differential cross sections

Parameter Value
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STXS Combination

* (0;XBzz)Bf/Bz; extracted from the fit

* Level of compatibility with SM = psyy = 95%
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CP parametrisations

e Scattering amplitude:

vV 2
A(HVV) = L ayV L X Va4 + "2 Vet | <3V (qvs +sz) el
v (AYY)’ (%)

1 ]- * *
o0 fu f O 4 ol O

* fa3 parameter extracted from the fit (ratio of cross sections)

fggH a3° 2 si gg
aBB|2 + (4882 V0" | 488 |
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ATLAS parametrisation

e Lagrangian in Higgs characterisation framework

12
Lepy = H{cufism [2 ms V-2, Z" + ganww W, W‘“]
11 W 11
4A5LYKAZZZﬂIIZ 2A'5L2KAW %% W W }
loop 1 a a,uv a ~a,uv

*  kuyy/kyyy or similar extracted from the fit

e Other parametrisation in VBF H = 17 which has CP-odd
contribution parametrised by d

1v kAVV
4 A ks

CZ tan



