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10 years of Higgs @ ATLAS

In LHC Run-2, 30x more Higgs recorded by the ATLAS detector, allows for
*  Precise measurements of cross-sections, couplings and other properties

e Search for rare decay modes

*  Hints of BSM effects
A combination of these novel work make an examination of the Standard Model expectation with

unprecedented precision possible
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Input analyses
All 139 All

H-vyy B New wrt combination 2021

H=ZZ~Al All 139 All B New wrt combination Run-1

H—-tt All 139 All

H->WW ggF, VBF 139 All « Almost all measurements

H—bb VH 139 All updated to full Run-2 dataset
VBE 126 All * A combination of all major

ATLAS Higgs analyses to get

ttH 139 Al more sensitive and less
H—bb boosted  ggF, VBF, VH, ttH 139 STXS model-dependent results on
H-WW VH 36.1 All but STXS Higgs interactions
H—multilepton  ttH 36.1 All but STXS
H—invisible VBF 139 K
H—invisible ZH 139 K
H—-Zy All 139 All but STXS
H—=pp All 139 All but STXS
H—cc qq—~WH/ZH 139 K

R
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Global signal strength

* Combination of all production/decay

1 =1.05+0.06 = 1.05 + 0.03 (stat.) +0.03 (exp.) = 0.04 (sig. th.) + 0.02 (bkg. th.).

< 8__l I I LI L LI | I T I__
< - ATLAS — :m N ] o X B
N 7F (s-13TeV,36.1-139 10" remore o e U=
F m,-12509GeV,ly,|<25 ... e (oo X B)sm
6:_ pSM=39% _:
5 =
4——\ ‘T i ————— —— 20
3 = -
- ] *  SM compatibility: pgy,=39%
o - * Compared to ATLAS+CMS Run-1, uncertainties
- . reduced significantly
1T— ———— o
OEL L N p= 109551 = 1097997 (stat) 0501 (expt) T053 (thbgd)*)07 (thsig),
09 09 1 105 1.1 1.15 1.2
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https://arxiv.org/pdf/1606.02266.pdf

Production and decay

* Measurements of production cross sections

* SM compatibility: pg,=65% §
* Compared to Run-1 combination §
* QObservation of WH & ZH
* Oyy 3910580
* 04436307500
* Better precision
* Oygr WY =
Oyge: 19%—12% 2
* |ndependent tH measurement I
*  Upper Iimit on tH of 15(7) x SM at 95%
CL
2022/11/26 CLHCP 2022
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Production and decay

* Measurements of all cross sections and branching ratios available

SM compatibility (p-value): 72%

A TL A S Run 2 e Data (Total uncertainty) Syst. uncertainty - SM prediction
| | | | | | | —|5 ? t-I’ 1I0 | L
tH | His
2 |%I | ] ] |
A | |
tH l'!* e
ggF+bbH P ¢ ﬁ
VBF h ¢ 122
WH @i Hz2H mm —%—
ZH ] '*‘ | I | | I | ] | | I
0 1 2 1 2 3 4 0 1 2 0 1 2 01 2 3 4
bb ww TT 4 144 L

« Thanks to updated analyses, the granularity is improved  © x B normalized to SM prediction

compared to Run-1 combination
* Split of VH production in bb, WW & yy channels
* Rare production of tH mode in yy channel
* Rare decay: yu
ey
S IN\T==SJTUll 8l
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Couplings to particles-k framework

* Introduce one scale factor Kk per SM particle with observable "Higgs coupling” at LHC
* Bosons: ky, Kz, K, K,
* Fermions: K, Ky, Ky, K,

* Considering LO modifiers, they are parameterized as:

o; XTI K7 K
0 X B(H — f) = ——L = LLoSMx BSM(H - 1)
'y K%,

interference

2022/11/26 CLHCP 2022 TN\ T—==SJT .FJI



Couplings to particles-k framework

* Ky VS Kg : use one uniform modifier for vector
boson coupling and another for fermions
* Consider only SM particles contributions to the

total width of Higgs

* SM compatibility: p-value = 14.3%
* Linear correlation between k, & kg : 39%

measurements

obs.
exp.
obs.

exp.

1.O4+0'03_0.03
1'00+O.03-O.03
0.95+O.O5_0.05

1.00+O.05_005

VS

Measurements
ObS 1'05+0'04—0.04
eXp 1.00‘*'0.04_0'04
eXp 1.OO+O'09_0_09

Run-1 combination

* Uncertainties reduced compared to Run-1
combination
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Couplings to particles-k framework

III| T T IIIIII|
ATLAS Run 2

* All modifiers assumed to be positive & only SM E§ s E
particles in loop processes = = P .
*No invisible or undetected non-SM Higgs decays g 107 =" g =
v C ]
107 b =
« Scaled by km¢/v for fermions and Vk,m,/v for = /{' Leptons Quae___ 3
bosons, measurements are nicely plotted as a oS VE Z : |_;
function of the particles’ mass to display the =’ — S ]
expected mass dependence in SM fot . gy Hl
* Upper limit on k. of 5.7 (7.6) x SM at 95% CL N 14j; : e "
* SM compatibility: < ]
* p-value = 56% (k. = k) e E
* p-value = 65% (k. float) * i % i
0'8:_|||||“ IR Ja Lol Lol |__
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Couplings to particles-k framework

* Allowing for non-SM particles in loop processes, "z i - g
with effective coupling strengths Ky j:— ATLAS Run 2
* K allowed to be negative T - Loptons vk
: : | =T afigetm
T (K, Biny., Bu.) = k3, (K, Biny., By ) Ty Kp| e R
B Force carriers Higgs boson ]|
Z BSM 2 K, —e— . = -
K%—I(Ka Binv., By) = P . - - n-- i
(1 — Binv. — Bu.) Ky| R fp——— |
K'g r|1—_ - —Il __.T Bmv. = Bu. = O> )
* Upper limit on - ;s&v-;::;’j;ﬁ—oﬂfvﬂ |
BInVISIb|e O 13 (O 08) Ky i - Parametervaluenotallowed_
* Bundetect_edl' 012 (0.21) Kzy I r:-——--—--—l ----- ---'—| --------- 5
*  SM compatibility: 7 R T S b R -
* p-value = 56% (k. = K;) 68% CL interval
e pD- = 65¢ R B B I
p-value = 65% (k. float) B |-l ]
] R A | |
0 005 01 015 0.2

95% CL limit
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Simplified Template Cross Section

Split phase space of Higgs production ATLAS Run 2 (99 H]
processes into 36 kinematic regions * * BT T
defined by kinematics of Higgs and P I EEEmE DR 0 |
. . a r ] 2 7 2 I ] 215 T 4 2103 <
assoclated jets, W, Z bosons S & 2 s ot 1 =l 5= ]
Goal: 5Z_T l | : 9= b3 L E 102 T .
. 10 7 i ] or y 055 | 4 g E
. o A U -:t-f i 1 E ] ¥ ]
° PrOVIde SenSItIVIty to BSM 0(; 'Ib 260 0 6|0 12[0 200 _20 1210 200 0.0 10210(} 360 41’;0;00
«  Avoid large theory uncertainties in priced priced priced prieey
predictions L B
*  Minimize model-dependence from 3 Dsta (Total uncertainty) * [my2350 GV
i yst. ungertalnty
acceptance extrapolations W SM prediction . s | o Pr <200 Gev _ Lpre200Gev
= S S NI 5 S B £ 8 5
SM compatibility (p-value): 92% I8 I 1 3 3 3
2 D:Iernriched‘VBFfenriche; %50 700 1000 1500 o 3501000 oo
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10" 9 = 1 r Q= ] d 1
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Crucial contributions from China

* China high-energy physics community made crucial contribution to the Higgs combination
measurement:

* SJTU/TDLi: INT note editor, input validation, production mode and BR

* |HEP: analysis contact, input & validation, workspace preparation, global signal strength, STXS
* Nanjing University: input liaison & validation, 2HDM interpretation

* Shandong University: input & validation, production mode and BR

e USTC: input liaison & validation

JUN
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Conclusions

2022/11/26 CLHCP 2022 YA RNV @

In the 10 years since the discovery of Higgs boson, many measurements have been performed by
the ATLAS collaboration

* All main production and decay modes @ LHC have been observed

* Hints of rare decays have been seen

A combined measurement of Higgs interactions has been presented

* Unprecedented precision reached on cross-section, branching ratio & coupling
measurements

* Kinematic dependence of production cross sections has been studied across a wide range of
phase space

* Limits on BSM effect revealed

The properties of Higgs boson show good agreement with Standard Model expectation!

Looking forward to future ATLAS results of more precise measurements and observation of rare
processes!
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_ * Vector bosons masses —
spontaneous symmetry breaking
* Fermions masses — Yukawa
couplings
* The Higgs Boson couplings to other
particles are set by their masses
—determine all Higgs Boson

production and decay.

Perfect Symmetry

L=—gusrffH + 8,V V¥ (gHVVH 4 Yunvy HZ) L JHHH ps | GHHHH 14

2 6 6
f Vv - H
O Ly H -eee Poeaeenne H -—------ <
2
m 2m,” _ 3my~ N\ H
IHff = f 9Hvv = » V YHHH = 2

v = vacuum expectation value of the Higgs field
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U

S1025J S M(Iil)= 1[25 (]sex_I -§ XSinpb 13Tev 8TeV 013/08
= f _,)H(NS\_OQCD*NLOEW) 18 ggF 48.5 21.4 2.3
;:+< 3 o;—M _5 VBF 378  1.60 2.4
l g oo tOEY : WH 137  0.70 2.0
el W 1 ZH 088  0.42 2.1
70 QR0 Gen i bbH 0.49 0.20 2.4
; > ttH 051  0.13 3.8
107 e tH 0.09 0.02 3.9
102 _ _ * There is an increase in production cross
St ST R L sections from increased center-of-mass

7 8. £9=10511-12~13 =1415
(s [TeV] energy.

VBF
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I I I I I I I I I I | I I I I | I I I I | I 1 ATLAS Vg = 1 3 TeV, 36'1 - 1 39 fb-1
ATLAS |- Total Stat. == Syst. | | SM m, =125.09 GeV, |yH| <25
Vs =13TeV, 36.1- 139 fb”' 1 iy
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| o )
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Branching fraction

Ratio to SM

mﬂf -

1 — —
e = Vs =13 TeV, 36.1 - 139 b’
- - ATLAS Run?2 - ATLAS myy = 125.09 GeV, | < 2.5
- — 1 —
1 0‘1 — — 0.04 0.00 0.00 ;‘
= —— § 0.8%
_ = _ 0.6
102 = = —0.4
- ] —0.2
- ¢ Data (Total uncertainty) —— % a
-3 | —0
10 = Syst. uncertainty =
~ B SM prediction % ] 02
— | 14
- — ]
1.2 ~ 13 706
1 -2 —-0.8
0.8 1 4
C | | | | | .
bb ww 7 zz Yy Zy i
Decay mode
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ATLAS —e— B, =B, =0 (p, =63%) v 1.25
Vs =13 TeV, 36.1— 139 fb" il S:r“:nn;j; (apre fr_ejgo,)
My = 125.09 GeV, [yHl <20 —— SM prediction > 1 20
T rrrTTTTT I T T | rrrTTrTTTT | L I
Ky| . rme— 115
Ky ey 1.10
Kz, | | o0 T T! ........ S | 1.05
1 1.2 1.4 1.6 1.8
68% CL interval 1.00
T
B, F--mmmmm e 1 0.95
Sofrd ] 00
0 0.05 0.1 0.15 0.2
95% CL limit
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