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Higgs particle

<+ The Higgs particle is responsible for the masses ... &=

charge - | %/

of elementary particles, while was the missing
corner stone of the SM before LHC. '
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Higgs discovery: A new era of particle physics — measure the
properties of the new particle
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Higgs boson production and decays @ LHC

Run-1 Run-2  Run-2/1 Many decay modes accessible with different properties
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gluon fusion vector boson fusion (¥5F) 7.7 and yy: high resolution and precise
AN L T 3@ _____ H differential measurements

g t q"—'“\\q
~48.6 pb (88%)  ~3.8 pb (7%)
associated prod. with t tt and bb: high BR but low S/B, important to

(WW*: high BR but low mass resolution)

associated prod. with W/Z

a4 wxgzx WA directly probe Yukawa coupling with 3 generation
q i up: very small BR but access to Yukawa
~2.3 pb (4%) coupling with 2nd generation fermions 3



LHC/ATLAS

ATLAS Online Luminosity = ATLAS Online, 13 TeV  [Ldt=146.9 b

2011 pp Vs=7TeV

—— 2012pp Vs=8TeV 2015: <u>=134
— 2015 pp Vs=13 TeV

— 2016 pp Vs =13 TeV - 2016: <u> = 25.1
s

—— 2017 pp (s=13TeV 2017: <u>=37.8
m— 2018 pp s =13 TeV . 2018: <u>=36.1

Total: <u>=33.7
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Full Run2 data-taking finished (~ 140 fb-1): 13 TeV, 25 ns bunch spacing A




¢ Higgs mass and width

¢ Higgs combination measurement and interpretation:
+ Coupling/STXS/Diff. XS

¢ Di-Higgs search

¢ Higgs rare decays
+ H—=inv
+ H=p

+ HZy



Higgs Mass

Compatible with 12.3%
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200: . Run 1+2 H—4] ——— 124.71+ 0.30 ( £ 0.30) GeV
1005 « | Runts2boyy = 12532 £0.35 (+0.19) GeV
i i : . : : - Run 1Combined —— 125.38 + 0.41 ( +0.37) GeV
3 20 = 3 Run 2 Combined -—o—-1 124.86 + 0.27 (£ 0.18) GeV
= qob = Run 1+2 Combined = 124.97 £ 0.24 (£ 0.16) GeV
s  0Og ATLAS + CMS Run 1 ——s 125.09 + 0.24 ( £ 0.21) GeV
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PLB 784 (2018) 345 my, [GeV]
CMS :125.26+0.21(£0.20+0.08)GeV (0.17%) JHEP 11(2017)047

¢ Precise measurements with excellent detector performance : o(mu)/mu~ 0.17% (CMS ) and
0.21% (ATLAS), are better/comparable w.r.t. ATLAS+CMS Run-1 combination 0.19%

¢ Still dominated by statistical uncertainties, uncertainty on coupling ~ 0.5%



Higgs Width

It is impossible to extract the coupling and Higgs width separately from
on-shell cross section measurement — Importance of I 1 measurement.
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Run-1 direct Higgs width measurement: E; 70

T 4 60

e | won | wr | 7 so
EEE—_ 40
ATLAS 5.0 (6.2) GeV | 2.6 (6.2) GeV 2 .
CMS 2.4 (3.1)GeV | 3.4 (2.8) GeV 2
Latest CMS: 1.1 (1.6) GeV | | i
3 orders of magnitude larger than SM width O T

my (GeV)
JHEP 11(2017) 047
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With the combination between on-shell and off-shell analyses
+ Assuming the on-shell coupling modifiers are the same as the off-shell coupling modifiers

@ssuming NP modifying off-shell coupling without the modification of other background aly

signal expectation.
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Indirect Higgs Width Measurement

Introduce the BSM contribution in the Coupling combination parametrization

35.9 b (13 TeV)
ATLAS P I- . O 10 rr—+—— 7T T T i
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Extract the Higgs width with the mass shift from the interference of the
H—yy w.r.t the continuum background (gg—vyy box diagrams)

5000 ~ 3000
> C

> —
& —  ATLAS Simulation Preliminary I, =200 x I'ygy=0.81GeV O C ATLAS Simulation Preliminary I'y=200x I'y gy =0.81GeV
0 C 4 ; o - p :
- = = — = = >
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~ C After background subtraction —— Data ~ - After background subtraction Data

H - ’ﬁ — Fit to data — Fit to data
Z 3000 z

- - Undisturbed H—yy - - Undisturbed H—yy
i -+~ Interference correction

Corrected H—yy

L -+~ Interference correction
2000 -
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Coupling/XS Measurement Methodology

f Run 1-style coupling
measurements:
M, kappa

) (
Simplified template
cross sections

) [ )

Fiducial/differential
cross sections

VH = V(— leptons) H

g9 —+ ZH

...................
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¢ Less model dependence

0-jet 1-jet > 2-jet O-jet 1-jet > 2-jet

¢ Make use of Rec. optimization for sensitive improvement

¢ Further combination and interpretation (signal strength, EFT, BSM)
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All Higgs
events,
lyrl < 2.5

—m ggF + gg—>Z(—qq)H, —

Event categorization (@ Rec. level
H—-Z2Z

STXS Regions

......................................................................
pH < 60GeV -
60 < p < 120GeV -

120 < pf < 200 GeV \ .................................
BSM:-like

PH > 200GV +frerernennes

— l-jet,

op_{:l > 200 GEV «{serarannanas
ggF, > 2 jet
te p,Il:I < 60 GEV srerarannnd

not VBF-like,
te 60 < p{I’ < 120GeV +espees

L— > 2-jet,

le 120 < p < 200GeV -f--r
e pH < 25Gev
VBF-like*, { 3
o pp > 25Gev

p_{_'lff < 25GeV srreees
VBF-like*, { B
p_{_'llf > 25GeV sereees

q9q'—>Hqq’
(VBF + V H hadronic),

VH (leptonic decays),
Jr- (lep! ys) {quZH,

«\—I top (ttH,tHq,tHW) ..‘ .......................................................................................

Lm bbH (merged at all stages with ggF)

Reconstruction Categories

- ggF 0J Fwd, Cen (28, 29)
- ggF 1J Low (27)
+ ggF 1J Med (26)
- ggF 1] High (25)
- ggF 11 BSM (24)
- ggF 21 BSM (20)

. ggF 2] Low (23)
. ggF 2J Med (22)

- ggF 2] High (21)

- VBF low-pf"”/ BDT tight, loose (18, 19)
+ VBF high-p}/ BDT tight, loose (16, 17)
- VH had BDT tight, loose (14, 15)

+ gqqH BSM (13)
- VH lep High, Low (9, 10)

(Z—vv) VH MET High, Low (11, 12)
{ (Z—¢¢) VH dilep (8)

(had decays) ttH had BDT1-4 (4-7)
{ (lep decays) ttH lep BDT1-3 (1-3)

*VBF-like: m;; > 400 GeV, |Ay;;| > 2.8
*V H-like: 60 < mj; < 120 GeV

Stage 0 Particlg Ievgl Reduced
production bins Stage1
= 0-jet ] 3
I 99F-0/ |;
p," <60 GeV : : |:
ggF-1j-p/"-Low |-
=1-jet 60 < p;" <120 GeV ) "
goF I ggF-1j-p;"-Medium |
p;H>120 GeV :
I ggF-1j-p,-High | 3
> 2-jets "
I ggF-2j |:
p;/ <200 GeV :
I VBF-p/-Low | 1
VBF pi> 200 GeV

VH

Hadronic V decay

I VBF-p/-High |

Leptonic V decay

I VH-Had |

i VH-Lep |

ttH

i

ATLAS

Preliminary :

Reconstructed event categories

N, =0, p* <100 GeV

0j-p,*-Low

p;*' <60 GeV

1j-p;*-Low

60<p*<120GeV| N =1

1j-p;*-Medium

p;*'>120 GeV

1j-p;*-High

p/ <200 GeV
VBF-enriched-p /-Low |<——

mﬂ>120 GeV

p/>200 GeV

VBF-enriched-p/-High |<——————

mﬂ<120 GeV

VH-Had-enriched

N, =0, p*>100 GeV

0j-p,*-High

N _=5

lep

VH-Lep-enriched

ttH Hadronic

ttH-Had-enriched

ttH Leptonic

ttH-Lep-enriched

13 TeV, 79.8 fb™

115 <m, < 130 GeVl—

Event categories are defined based on kinematic properties of the yy/41 system

+ extra particles in the event
@ Sensitivity optimization is constrained in the STXS bins: new physics beyond that, lost

some global sensitivity, complicated bins and no sensitivity for some bins given current
statistics (anti-correlation)
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Signal strength

p=1.06+0.07 = 1.06 £ 0.04 (stat.) +0.03 (exp.) "o’ (sig. th.) +0.02 (bkg. th.)

7%

Analysis decay channel Target Prod. Modes L [fb7] ATLAS Preliminary Total Statl ||£|Islyslt - i | ;MI
H— vy ooF, VBF, WH, ZH, (7H, tH 139 f=_‘ 3 Tev, 245 '|y13|9 “;"5
P ggli, VBF, WH, ZH, {1H (4¢) 139 b, = 86% Tol St Syst
ttHexcl. H> Z7Z*— 4¢ 36.1 - i 00 ( )
. +0.07 ( +005, +0.
] ggF, VBF ) ag H==H 0.0 0.05 0.05
o= 1tH sl VBF = 115 T0%( so13, 1512
F VBF +0.23 +0.17 +0.15
H— 11 gg ’_ 36.1 wWH [ 1.20 70.21( -0.16 1 70.14)
tH H e——— 098 0% ( g, 09
VBF 24.5-30.6 |
H — bbh WH. ZH 139 ttH+tH l—«'—EH 110 53 ( ol ow)
) 1 | 111 | 111 | 111 | | | | 111 | 11 1 | | I | | 111 | | | | 111
AL 5.1 06 08 1 12 14 16 18 2 22 24 26
H = pu geF, VBE, VA, ttH 139 Cross-section normalized to SM value
H — inv VBF 139 - (s=13TeV,245-139 b
ATLAS Preliminary myy = 125.09 GeV, |y | <2.5
'S
-0.02 0.07 0.85
Process | Value SM pred. =
06
(Iyr| <2.5) | [pb] Total [pb] .
ggF | 4477 3.1 | 44722 02
VBF 40 +0.6 3.51 J: %(())% —o
| —-0.2
+ 0.28
WH | 145 *92% 1 1204+0.024 1,
ZH | 0.78 *0.18 +0.033 5
— 0.17 0.797 _ 0.026 0.6
itH+tH | 064 +0.12] 059+ (())-(())35' ° —-0.8

T I
N
bg ©

Ogqr
Oygr
ctTH+2‘H

ATL-CONF-2020-027
@ Significances of all major production modes (ggF, VBF, WH, ZH, tty) > 50

@ First observation for WH: obs(exp) significances are 6.3 (5.2) o for WH and 5.0 (5.4) o for ZH
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Product of production XS and BR

| | | | | | | | | | | | | | | | | | | | |
ATLAS Prellmlna_1ry —— Total Stat. == Syst. "I SM
Vs=13TeV, 24.5-139fb
My = 12509 GeV. 1S53, ATLAS Preliminary s=13TeV,245-139 b
pSM =87% ““‘ .'.~. 1 1 0/0 Total Stat. SySt m., = 125 09 ,caev |y | < 2 5
R A g = . , ,
ggF vy . e : 1.03 so011( 008, ‘009) ~ : : : H 1 —~
] » + 011 m YY 0.06 -0.11 0.01 0.01 0.00 0.01-0.04 0.03 0.01:0.07 0.02 0.00 0.00 X
goF Z2Z ‘e, o* 094 Tgio( toto, +004) X_ : : : a8
ggF Ww Jr-TEEti 108 *O%( so11, sois) o zz 0.00:0.00 -0.21 0.00 0.01 0.00:0.01 -0.28 0.01:0.01 0.02 0.00 0.00 0.8 >b<-—
: -0.1g \ 011, £0. [®)) 5 : E )
ggF tt kéq 1.02 0 ( *o% . +0T) D WW* |0.01 0.02 10.00 -0.01 0.01:0.01 0.02 0.01 -0.01 0
| ggF comb. é_"""""""""""""m_1_(_)_0"_:({67_(_"i_é.éé_,mi_o_.ds_)"" 7t |0.06 0.00 0.00 04 0.0970. / Eo.os 0.04 0.01 Eo.oo 0.02 -0.02 0.01 0.6 >b<._
VBF yy he=H 131 0% ( 018, lois) YY |-0.11 0.00 0.01 :0.02 0.01 0.01:0.05 0.01 0.00 0.00 g 45’_
+0.50 +0.48 +0.12 ; . "
VBF 22 - 125 Z4r ( “o40» ~oos) L 22|00 021000 0.00:0.01 -0.04 0.01:0.00 0.00 0.00 0.00
+0.36 +0.29 ) :
x:g wWw ' ' 0-60 ‘8-2‘7‘( Lo fgf(:) ﬂ>3 WW* |0.01 0.00 -0.08 0.00:0.00 0.00 0.00:0.00 0.00 0.00 0.00| —0.2
w == 115 To5( Zoaos  Zoas) : :
7t [0.00 0.01 0.01 10.00 0.00 0.00:0.00 0.00 0.00 -0.01
| VBFOb | — 1 303 Ire( e, loze) f —0
VBF comb. fest 115 200 (sons, 06 | L bb | 001 0.00 001 9.90:001 000 000 900 " R oo
VH vy t_EH 132 *08 (<081 0Ty YY |-0.04 0.01 0.00 o.os; 02 001 000 0.00 0.00 R 002 0,04 ;4).04 0.01 0.00 0.00| —_02
VH 27 : I == ! 153 138 ( Tod0. o5 ; ZZ* |0.03 -0.28 -0.01 0.04:0.01 -0.04 0.00 0.00 0.00:0.02 :0.00 -0.07 0.03 0.00
 VHbb '15'102f81§(i011+813) b5 [0.01 0.01 001 0.01:001 0.01 0.00 0.00 0.00:0.04 0.1 001 001 000 0.00| —|0-4
+0.16 +0.12 T T P Y i By (PP PEEEL R e
VH comb. = 110 Zous (#0101, “oxg YY [0.07 0.01 0.01 0.00:0.05 0.00 0.00 0.00 0.00 -0.04 0.00 0.01 0l _0. 06
ttH+tH = 0.90 +0.27 +0.25, +0.09 ! ] .
i VV | 7 ‘82‘;2 o= ;ggg) % VV* |0.02 0.02 0.02 0.02:0.01 0.00 0.00 0.00 0.00:0.01 -0.07 0.01
+ H=== 72 I T0400 0. : : 5
tH+tH e ) . . 120 +?j§3( +3j§? +81%) E TT [0.00 0.00 0.01 -0.02:0.00 0.00 0.00 0.00 0.00:0.00 0.03 0.00 :O0' —-0.8
f 1 . 093\ _—074, —o057 = 5 ; ;
t#H+tH bb —— 079 980 ( Loz, 0% bb |0.00 0.00 -0.01 0.01:0.00 0.00 0.00 -0.01-0.01:0.00 0.00 0.00:0.01 OVT=0T 1
| ttH+tH comb. e 10 f02( fSie wory YWZZCWW T VY ZZPWWH T pBITY ZZ0 pR VY VT pp
A N N S N N N T A NN N S A N N A ggF 5 VBF -~ VH  ttH+tH
cxB

o X B normalized to SM
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k-framework

< Assumptions:
- Single state, spin 0 and CP-even. .
+  Narrow-width approximation: (o -BR)(ii — H — ff) = ou 2 f
. . . . I'n
<+ Methodology: parametrize deviations with coupling scale factors {x}

Effective

Production Loops Interference odifier Resolved modifier
o (egF) S b 2 104+ 00022~ 0.04 k0 « Assume that k. varies as x:and «s varies as
o(VBF) - 0.73 k%, +0.27 k2 Kb
o(qq/q98 — ZH) - K5 _
Cleg—ZH)  /  1=Z  Keemy 246K +046K — 10kzk: « SM assumption for «y, kqand k.
oc(WH) - K‘Z)V
o(ttH) - K2
a(tHW) tr—-Ww 2.91 K,2 +2.31 K‘Z,V —4.22 ki kw r j
o(tHq) r-W 2.63 k7 +3.58 k5, — 5.21 K kw g “000000)
o (bbH) - Kl%
Partial decay width ‘> > — g ( Y Poeennseas
rbb K2
e - Lo g TOO000 K,
188 v t—b K§ 1.11K,2+0.01 KZ—0.12K,K1, k § J
7T 2
Iljzz % Kg? = 1.042K¢? + 0.002K,? - 0.040K(Kp, - 0.005k(K, + 0.0005K,k + 0.00002K 2
ree : - RER)
el v r—W K2 15942, +0.07 K2 - 0.67 kwi ( Y AN, T )
rzy Y (—W 2, L1263, -0.12kwk I %ﬁ H <
e - K52 (= Klz,) — o — > t A
THu K;Zt
Total width (Biny = Bunder = 0) 7 AVAVAVAVIRE
0.58 k5 +0.22 k3,
+0.08 k2 + 0.06 k2 L J
T / G 40031+ 003K K, x1.6xKk,, —0.7xK K, +0.1xK;

+0.0023 k5 +0.0015 7,

+0.0004 x2 +0.00022 3
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k-framework

}-1_35 T T T 1T T T 17T T T 1T T 1T 17T 1T 17T T 1T
L T T T | T T T T | T T T T | T T T T | T T T T ] - | | | | | | .
“ 1.3 ATLAS Preliminary * SMValue ] * - ATLAS Preliminary * SMValue ]
U + Best Fit ] 13:_ y + Best Fit —:
[ (s=13TeV,245-139f" .. Observed 68% CL F Vs=13TeV,24.5-139 M7 ... Observed 68% CL
-, = 125.00 GeV, |y | <25 — Observed 95% CL 1.25[ m,=12509GeV. Iy, | <25 —— Observed 95% CL—
1.2~ asr H o F p,,=51% ]
- Pou : 1.2F -
1.1 . 1150 Ky=1.06%0.05
i _: N kg=0.98+0.05
B _ 105;_ —:
0.9- kKv=1.03+0.03 LS N :
i 0.95F =
0.8__ KF:O.97:EO.O7 OQEIII|IIII|IIII|IIII|IIII|III|||||||E
: Coec b b e b :| . 085 09 095 1 105 11 115
095 1 105 11 1.15 <
K\I
£k I amaspreiminay ]
£ TE (5=13TeV,245-139 0" 7.7
EL“T> - m,=125.09GeV,ly | <25,p, =84% Wo‘ . Parameter R@Slllt
¢ 10 =TT SM Higgs boson ‘ =
- - K7 1.02 +0.06
107 % E
g ' 1 Kw 1.05 +0.06
10° =
= : +0.14
= 4 ™,(m,,) used for quarks - Kp O°98 — 0.13
1074 =
- B = ke 0.96 +0.08
BLL 12F - + 0.15
o 1:_ !t {{ _________________________ % {__ Kt 106 —0.14
- + 0.26
08fE 1 . = Ku 1.12 — 0.32

107" 1 10 10°
Particle mass [GeV] 1 5



STXS measurement

ATLAS Preliminary Total Stat  Syet.
1
Ys=13TeV, 139 b 8,/8,,. ! 107 014 (+o.12 +o.o7)
my =125.09 GeV, Iy, | < 2.5 I |EE' I 012 {-011" 008
= 959 By/B — 1057 +0.48 - +0.30
Py 95% /B2 i 077 928 (o250 —0.12) -1
e o Vs =13 TeV, 139 b
, , , . , y
= s 0 s : 1 2 ATLAS Preliminary
Total Stat. Syst. "’H - 1 25-09 Gev, |yH| < 2-5
0-iet, p" < 10 GeV +0.22 ,+0.19 +0.10, . H - - - - -~ -~ —_—
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Interpretation of the combined STXS measurements
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® Parametrize the signal strength directly with wilson coefficients of SMEFT operators

@ Sensitive elgenvectors are chosen as the measured parameters (more orthogonal).
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Interpretation of the combined STXS measurements
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Interpretation on

ATLAS Preliminary ---- SM
VS =13TeV, 24.5- 139 fbo~! ~7=~ Expected 95%CL
’ —— Observed 95%CL
My =125.09 GeV, |yu| <2.5 x  Best Fit Obs. :
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ATLAS Preliminary --—- SM
VS =13 TeV, 24.5- 139 fb~! ~77- Expected 95%CL
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2HDM

constraints indicate no significant deviations from SM prediction.
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Interpretation on BSM model (MSSM)

Assuming the observe boson is the light CP-even h of the MSSM theory, six MSSM benchmark scenarios:

® M125, scenario: All superparticles are heavy that production and decays of MSSM Higgs boson are only mildly affected
@ M125,(y) scenario: All chargions and neutrinos are relatively light, with significant higgsino-gaugino mixing

@ M125,(1) scenario: Light staus and light gauging-like charginos and neutralinos
2

M125,(alignment) scenario: alignment without decoupling scenario

ATLAS Preliminary 1 Obs. 95% CL ATLAS Preliminary [ Obs. 95% CL ATLAS Preliminary 1 Obs. 95% CL ATLAS Preliminary
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\/? =13 TeV, 24.5-139 fb_l K1 Obs. 95% CL (H/A-TT) \/E =13 TeV, 24.5-139 fb <1 Obs. 95% CL (H/A-TT) \/E =13 TeV, 245-139fb 1 Obs. 95% CL (H/A-TT) ‘/E =13 TeV, 245-139 fb ——- Exp. 95% CL
mp =125.09 GeV, |yn| <2.5 — =+ Exp. 95% CL (H/A-TT) mp =125.09 GeV, |yn| <2.5 ==+ Exp. 95% CL (H/A>7T) mp =125.09 GeV, |yn| <2.5 —=- Exp. 95% CL (H/A-TT) mp =125.09 GeV, |yn| <2.5 [ Obs. 95% CL (H/A-11)
I Obs. 95% CL (H*-tb) 125, = ) [ Obs. 95% CL (H*tb) 125/ ) B Obs. 95% CL (H*-tb) 125/ 1 . —=- Exp. 95% CL (H/A-TT)
M125 scenario — = Exp. 95% CL (H*th) M;%>(T) scenario — = Exp. 95% CL (H*-tb) M;>(X) scenario ——- Exp. 95% CL (H*tb) M;“>(alignment) scenario
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ok N 10l - / 5.0 L __/' mj, —mp| <3 GeV
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______ 25F
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200 400 600 800 1000 1200 1400 1600 1800 2000 300 400 600 800 1000 1200 1400 1600 1800 2000
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300 400 500 600 700 800 900 1000
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Generally exclude the low mA regime and low tanf range
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Interpretation on BSM model (MSSM)

Assuming the observe boson is the light CP-even h of the MSSM theory, six
MSSM benchmark scenarios:

¢ M125, gt scenario: a flexible mass scale MSUSY of super partners (6TeV - 1016TeV)

¢ M125,(y) scenario: light neutralinos and charginos

ATLAS Preliminary ATLAS Preliminary
VS =13 TeV, 24.5 - 139 fb~1 1 Obs. 95% CL Vs =13TeV,24.5-139 fb~! 1 Obs. 95% CL
mp = 125.09 GeV, |yp| < 2.5 -—- Exp. 95% CL mp =125.09 GeV, |yn| <2.5 === Exp.95% CL
M}22.; scenario M}22(X) scenario
Q. 10 ¥ T . 10 - . L B L S B A B
- C -
C [
© [ o [
= of 9r
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5F 5F
ar af
3f 3f
2f 5
S S | /S S S S S S S S S S S S S S S S — . R R Pt tenlraiesiaruienl MU RN
200 300 400 500 600 700 800 1 500 1000 1500 2000 2500
my [GeV] my [GeV]

No results of direct search are available for the two benchmarks

All the results are complementary to limits from direct searches for additional Higgs bosons
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Fiducial and differential cross section

< Measurement designed as model independent as possible.
< Direct comparison with theoretical predictions at particle level.

<+ A wide and diverse range of physical phenomena to be probed:

+ Higgs boson kinematics, Jet activity, VBF-sensitive variables, Spin-CP sensitive variables
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Differential Cross Section
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Combined measurement

Total Higgs boson production cross section measurement (8 %):
55.4+4.3_4 opb (+3.1(stat.)+3:0.5 g(sys.)) ( SM prediction of 55.6+2.5pb)

Trrr
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80 = Systematic uncertainty - QE' 1.4 S NNLOPS K =1.1, + XH =
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EFT interpretation on Diff. cross section

( EFT approach with differential cross sections )
SM NP

Strongly Interaction Light Higgs (SILH) basis SMEFT (Warsaw) basis
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EFT interpretation on Diff. cross section

Coefficient Observed 95% CL limit Expected 95% CL limit
Co [-0.26,0.26] x 107*  [=0.25,0.25]U [-4.7,-4.3] x 107
Cq —1.3,1.1] x 10~ —1.1,1.1] x 107
CHwW (—2.5,2.2] x 1072 —3.0,3.0] x 1072
Errw —6.5,6.3] x 1072 —7.0,7.0] x 1072
Cy —1.1,1.1] x 107 —1.0,1.2] x 107
& -2.8,4.3]x 107 -2.9,3.8] x 107*
o 04097 ——————————————
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01z -2, — 0_2 Cog = Cpyy=0 =
E [ =~EHW E ? =~E =0 =
0.05— T,=¢C,=0 ] 0.1 ¢, =¢ 7
- ©,=C,=0 ] .

01§ a 0 / -
_0.05F kj = —0-1 E
0 1:_ - Observed 68% CL ] _02 i - Observed 68% CL _f
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_0.15F + SM - 035 4 sm E
v by b by gy R NS S T S N N RN RRNE B _0.4]—_ | | | | | | | | | | | | | | | | | | _-[X1O_3
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No significant deviation from SM
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Limit on the c-quark Yukawa coupling

A modification in the coupling strength:
* impact the ggF and quark-initiate production
- affect both the normalization and the shape of the Higgs pT distribution

— S 0 o e B L L B L LN BANLEL
S B N L R I B L R N E P ATLAS Preliminary ~ H—syy, (s =13 TeV, 139 fb"! ]
8 21 ATLAS Simulation Preliminary — s | ¢ Data, tot. unc.  \\ syst. unc,
\ — — b -
2 N (s=13TeV, 139" __ g\ _ 1 ] 2 B gg-H default MC + XH |
&= 15_— e ] 2 -NNLOJET®SCET NNLO @ N°LL + XH ]
% = ---ggF, k. =24 ] 8: S~ XH = VBF+VH-+ttH+bbH ]
— 1 - ggF, k. =-19 - i
= C . 107'F
= - -~ T H, k. =24 ;
? 0.5k cC— H,x,=-19 ¥
B T T : LR
T (e i e S S IR C
o OZ- """"" _ [ ADARRARE AADARRABAN
5 - . 5 2
- . o
—0.51- ] 55
o - 8
- —] () 1
_ B | 1 | 1 | | 1 1 | 1 1 1 | 1 1 1 ] :g
b 20 20 60 80 100 120 140 205
o
YY 0 50 100 150 200 250 300 350
p; [GeV] P [GeV]

Coeflicient Observed 95% CL limit Expected 95% CL limit
K¢ [—19,24] [—15,19]

The fit only uses shape information, while the normalization is profiled
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Search for di-Higgs

g 700600600600 ¥ > - ——————- H 8 66660600 - H
Ky, d
A t/b Y A t/b _____(/
H
8 OGO —— ——————- H 8 7666000 H

Assume all kinematic properties of HH pair are same as SM prediction,
and only ggF XS can deviate from SM
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- _ ) 4 == Expected - bbVV
Is=13 Tev, 27.5-36.11 [ Expected + 1o Observed 78.6xSM
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HH— WWWW 160 120 77 ob B -~~~ Median expected
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10 10° 10° 10* SJAOS 6 78910 20 30 40 506070 100 200 300 400
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Getting close to 10*SM rate for Di-Higgs production -



Constraint on the Higgs self-coupling

Kinematic dependence on «; is estimated with LO prediction, and K-factor
Is only estimated with =1

Amplitude dependence on k) can be expressed with 3 reference samples

90k? + 9k% — 99k, k 100k; k3 — 10k> k2 — k.k,
Alk,, k))? = k2| — A A(L,0)]> + 1A, D>+ -2 A(1,10))?
|A(kys, k)l " 90 |A(1,0)] 90 |A(L, 1)] 30 |A(1, 10)|
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Constraint on self-coupling (obs/exp) @ 95% CL.: i
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Self-coupling from single Higgs

All the single Higgs production and decay processes are affected by an
anomalous trilinear (not quartic) Higgs self coupling, parametrized by K ).
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025_ — Oz / O3 __
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Selt-coupling from single Higgs
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ATL-CONF-2019-012

ATL-PHYS-PUB-2019-009

Constraint on self-coupling (obs/exp) @ 95% CL.:
ATLAS (H): -3.2<kx<11.9 / -6.2<k\<14.4
ATLAS (HH): -5.0<kx<12.0/-5.8<kx<12.0
ATLAS (H+HH): -2.3<k»<10.3 / -5.1<k)<11.2
CMS(HH): -5.8<kx<12.0/ -5<kx<12.1
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Update on the individual decay modes

HH—bbLbWW

PLB 801 (2020) 135145

HH—bbyy

ATL-CONF-2021-016

T T T T T T T

........................................ . — |
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Best Constraint

More precise measurements are coming soon
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H—Zy/yy* search

¢ H—Zy search is important to probe the Higgs loop interaction

@ Multiple processes contribute to H—lly, including H—yy*

. 5 > E A ] > 0T
8 - ATLAS . ) - -- Bkg .
© 8o (s=13TeV, 139 fb" = © 5t - Bkg+H-yy ]
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¢ o 2 - - 2 :
- 7 W 15F -
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e o+ 50:— _: 10 .
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40 — Sig+Bkg Fit — - In(1+ S/ By,) weighted sum 1
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= P | TR L 0
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H—Zy 200 1.20 2.0t1059
H-ov*y 3.20 210 1.5+0.5
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© Benefit from the precise measurement of muon

¢ H—-pu can probe the coupling between Higgs and 2nd-generation Fermion

Vs=13TeV, 139 fb™

— Total pdf
— Signal pdf
--- Bkg. pdf

Events /2 GeV

VH and ttH categories

ggF O-jet categories —@—

ggF 1-jet categories

ggF 2-jet categories |—o—]

VBF categories

Combined

H — pu

Total Stat. Syst.
50 £35 ( £33, =1.1)
-04 16 ( £15, £0.3)
24 12 (£1.2, £03)
-06 £1.2 ( £1.2, £0.3)
1.8 +1.0 ( £1.0, £0.2)

+0.2
1.2 £0.6 ( t0.6, -0.1 )

| | | | | I | | | 1 I | | | | | | | | | | 1 | | 1 I 1 | | | I
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m,, [GeV]

Obs. (Exp.) significance: 2.0 (1.7)o
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Search for Higgs invisible decay

¢ |In SM, B(H—inv) =0.1% from H—ZZ*—4v decays
¢ BSMs predict DM productions @ LHC, including Higgs portal models:

+ Higgs acts as a portal between a dark sector and the SM sector

+ DM particles can only be indirectly inferred through MET, termed as “invisible”

(lnput channels: ttH-0l @ Run2, ttH-21 @ Run2, VBF @ Run2 and Run1 )

1

= = T - T =
_ vs  Int. luminosity | Best fit Observed  Expected T 09F ATLAS Preliminary _ 3
Analysis [TeV] [fb1] By _iny  upper limit  upper limit r.nI 0 85 P = g $e¥, 307:;‘2;1 ..... E)l()geea/eeg ]
8= S = ev, cU. + —
Run 2 VBF 13 139 000 (o3 omgEy 5§ E (s=13TeV, 13917 =110 E
Run 2 {7H 13 139 0.04*920 040 0.36°0:15 % 0.6 3
Run 2 Comb. 13 139 0.0079%¢  0.13 0.12+0.05 S 05k E
Run 1 Comb. 7,8 47,203 | -0.02:014 025 0.27+0-10 (_,j 04 =
Run 142 Comb. | 7,8,13  4.7,20.3,139 | 0.00:9% (0.1 o.11ig-004é ) 2 03 - E
0.2 =
VBF mode provides most sensitivity for inv. search o1 —_— —
0 | | | | -
ttH VBF Combined Combined Combined

ATL-CONF-2020-052 Run 2 Run2 Run?2 Run 1 Run 1+2

¢ Dominated by systematic uncertainties (statistics of simulation MC, Rec and ID of Jet/
lepton, background modelling)

@ More stringent constraint is coming with the combination of VH and Higgs visible decay

modes (k-framework)
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DM search

¢ |n “Higgs portal” models, H—inv can be translated to constraint on the WIMP-
nucleon scattering cross section owine-n On an EFT approach

+ Scale WIMP scenario: owive-N <10-45 cm?

+ Majorana fermion WIMP scenario: owmvmp-Nn <2*10-47 cm?2

T LI L | T T T T LI | T B T . T T LI IJ_
B, . <0.09 ATLAS Preliminary
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-
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47 Higgs Portal Other experiments
107" — #4444 Scalar WIMP DarkSide-50]
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L == PandaX-ll __|
— = == XenoniT —
—49 | | Lol | | Lol | | Lol
10
1 10 10 10°

Mye [GEV]

ATL-CONF-2020-052

Highlighting the complementarity of DM searches at the LHC
and direct detection experiments
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¢ Comprehensive Higgs property measurements: mass,
width, fiducial/differential cross section, simplified
template cross section: everything is in good agreement
with SM

¢ More precise measurements are coming soon.
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