L:.‘ Brookhaven

National Laboratory

ATLAS

EXPERIMENT

Higgs boson property measurements
at the ATLAS experiment

George lakovidis
on behalf of the ATLAS Collaboration

Dec. 2022



https://www.symmetrymagazine.org/standard-model/

FyTrrrryprrrTryprid IIIIIIIIIIIIII|IIII|IIII|I
0°t  Runl M(H)= 125 GeV =

Introduction Handoook of LEC

—1

O

=

§<\ i - :

arXiv:1610.07922 T R B : ~

A :

Q.

=t

©

[ 1 11
LHC HIGGS XS WG 2016

» Higgs 1s essential 1n the Standard Model.

= Discovery during Run 1 by ATLAS and CMS
(PLB, Sept. 2012)

= 2022 marks the 10th anniversary of the discovery E
(Nature 607, 52-59 (2022)) 102
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 LHC “Run-2” provided significantly more statistics to the | _ sTevy
- - . LHC SM Higgs boson production cross sections
ATLAS detector allowing for precise measurements of: - e
. 3 C HIGG-2021-23 ATLAS -
= Properties (CP, mass) ~ @ v asm
= Cross-sections £ 3000 o V=BTV, 591!
5 = - —4—Run2 {s=13TeV, 139 fb -
= Couplings to individual particles and self coupling, DC: 2000/ -
» Higgs serves as an important portal to either probe new 8 f :
physics beyond the Standard Model or constrain it ! 10001 I 4 B
» This talk: Measurements of Higgs boson properties using NG SEE YOS NS, SO S
the full Run-2 dataset of 139 fb~! } t -
T I T T N T TN TN AN TN SN SN O AN SO TN TR SN NN SR N RO T
110 120 130 140 150 160
~ : : : My [GeV]
u» NBalt'iElrgllEI;leOlr\;teog invariant m,, spectrum between

discovery and full Run-2 datasets
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https://doi.org/10.1038/s41586-022-04893-w
https://arxiv.org/abs/1610.07922
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Higgs Production and Decays - complete picture

Nature 607, 52-59 (2022)
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* Production processes at the LHC
e All major observed !

» Rare/difficult production modes are important
for beyond the SM (BSM) scenarios

y (0.2%) vZ (0.2%) bb (58%)

Y b/c T/
. . . t/b/t
* Higgs boson decays ~90% via eight decay e{:i: - R T— < p— <
modes o v/Z blc o
27 (3%) cc (3%) i (0,02%)
ATLAS Run?2 e Data (Total uncertainty) A Syst. uncertainty I SM prediction
w| | D | " dga 1|7 7]« Ratio of observed rate to predicted SM event
;,/ﬁ l_%_' ] | | II | . . . .
fH ! el rate for different combinations of Higgs boson
. | production and decay processes
ggr+
% ° egeo _ . O
VBE i E ey - * SM compatibility (p-value): 72%
WH . -z e o » Already less than 10% precision in a few
8% 7R H— . N7
| W || B = O individual ggF channels
0 1 2 1 2 3 4 0 1 2 1 2 3 0 1 2 0 12 3 4 o Still several channels dominated by the
bb WWw T 4 vy HH

statistical uncertainty
¢ X B normalized to SM prediction

u.’\ Brookhaven
National Laboratory 3


https://doi.org/10.1038/s41586-022-04893-w

Global 1 Signal strength

Nature 607, 52-59 (2022)

* The Higgs boson production rates are probed by the ; 84 ATII_ )45 S |_T|| o E
likelihood fit to observed 81gna1 y161dS c\l| 7E Vs-13TeV. 36.1 - 139 fo" Ez:zzz z;anjri:::;hewE
* Global signal strength measured for all production g 7T IZCNY B e, Sttsticat E
processes and decays together = Pon ™% -
» Expressed 1n terms of a single signal-strength modifier u: 5_ E
ocXB 4 — -
(6 X B)oy 3 B
» Systematic uncertainty reduced by factor of 2 since the of- -
discovery 15 -
 Total measurement uncertainty decreased by ~30% - . -
Tl e e & |l ey T

* SM compatibility (p-value): 39% %.9 095 1 1.05 14 1.15 1.2
U

;
pu = 1.05 = 0.03(stat.) £ 0.03(exp.) £ 0.04(s1g . th.) = 0.02(bkg . th.)
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- ATLAS ¢ Das

120 H— 77* — 4| Higgs boson (125 GeV)
B 7z
- {s=13TeV, 139 fb” —

Mass Measurement H — Z/* — 4¢

« The H - ZZ* — 4¢ (£ = e or u) provides good discrimination of signal

tXX, VVV

B Zijets, tt
7. Uncertainty

100

Events / 2 GeV

—& N\

over background with fully reconstructed final states 59
* New analysis 1s based on improved momentum scale calibration (statistical 60
uncertainty reduced 50%, systematics by 20%) - MUON-2022-01 10

 Employ analytical per event model with deep neural network to

discriminate signal over background -
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Final Miows 47, Reducible Expected Observed 110 120 130 140 150 160
state 58 {XX,VVV backgrounds total yield  yield e Xiv: 220700320 m,, [GeV]
Au 78 +5 38.74+22 2844017 12045 115
22 53.44+32 267+14 3024019 83.143.5 94 ATLAS —— Tom
2u2e  41.2+3.0 17.9+1.3 34+05  62.5+3.3 59 A2z =4 = Sys. Only
de 362427 1574+1.6  2.83+0.35 54.8+3.2 45 i | il
Total 209 + 13 99 + 6 122409  321+14 313 B - 124512078 (D75
2u2e | .- 1 125.33 = 0.50 (+ 0.49 Stat.)
» The m;; measurements of individual channels are compatible with the o -
. . e2u —e— 125.01 = 0.29 (x 0.29 Stat.)
combined measurement with a p-value of 82% - -
4w —e— 124.93 =+ 0.29 (= 0.28 Stat.)
e Run 2 (all Chan. COmbined): m4f — 12499 + 018(Stat) + OO4(SYSt) GeV _Combined —8— 124.99 = 0.19 (= 0-18Stat-;
e Run 1 + 2 combined :my, = 124.94 + 0.17(stat.) £ 0.03(syst.) GeV Rnte2 12000 2048 (017 S
123 124 125 126 127
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/MUON-2022-01/
https://arxiv.org/abs/2207.00320

" i L L
< 1.4 ATLAS * SM prediction -
rk-Framework o] e LT
"L my =125.09GeV, |yy| < 2.5 5
 pey =14% == 95% CL :
1.2 + Best fit
* Event rates for Higgs production and decay processes can be expressed in 1.1
terms of coupling modifiers () multiplying the SM Higgs coupling strengths 1.0
to other particles. 09l E
SM 2 F
. l f f 0.8 .
o(i > H—f)=o0,B;= v > i .
FIS{ K7 0.7 > zz E
. . . 0.6 - O Www E
* Three classes of models with progressively fewer assumptions: | @77 @ Comb z

. . . 05 I T T T T B

1. Single modifier for vector bosons k,( = ky, = k,) and single modifier for 0708 09 1.0 11 12 13 14
fermion couplings xy : i
L L L L
best-fit values: k, = 1.035 = 0.031, xz = 0.95 £ 0.05, p-value: 14% “ 115 ATLAS Run2 T Obaerved bevs OL —
. . . . u Observed 95% CL ]
= Compatible with SM predictions (ky, = kr = 1) 1.10F X SMpredicton
1.05F =
2. Coupling strength modifiers for W, Z, t, b, ¢, T and u are treated 1.001 X E
independently (only SM particles assumed, loop processes resolved) 0.95F ¥ E
3. Same as 2) but allows for the presence of non-SM particles in the loop- 0.901 E
: : : : 0.85F =
induced processes with coupling modifiers KK, Ky, : correlation of 39% -
0.80F~ | | | due ggF|—>H—>VV =

0.95 1.00  1.05 110  1.15
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Kg Ol K

Couplings to individual particle

2nd Model

T

ATLAS Run 2
E K¢ = Ky

K is a free parameter

SM prediction

/-T b
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Force carriers Higgs boson
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* VH(cc) data in the combination allows to have
k. for the first time 1n this model (free param.)

. Upper limit (when left unconstrained) on k. 1s

5.7(6.7) X SM obs. (exp.) at 95% CL
(improve from Eur. Phys. J. C 82 (2022) 717)

3rd Model

» Effective photon, Zy and gluon couplings

* Improves the current best limit of
B, <0.145 - B._ < 0.13 limit from

1nv. 1nv.

earlier search: arXiv:2202.07953

» Statistical and the systematic uncertainty
contribute almost equally

 exceptions are the xy, K7y, k. and By
where statistical uncertainty dominates

Nature 607, 52-59 (2022)
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Kz - e,
Ky L e ATLASRun?2
Lept Quark
Kt '_____a___ eptons uarks
B Vel Vu | Ve |l U | C _
| e - - I
B Force carriers Higgs boson |
KT r- - - | H
K,U ———————————— -—I—. ——————————
K‘g ',T.._TTI —e— B5;,, =5,=0
--®- B, free,B, 20, x, <1
K;f = SM prediction
Parameter value not allowed
KZ}/ --------------- ._._ ___________
N B B B N R B B B B
0.8 1 1.2 1.4 1.6
68% CL interval
B ] D
100720 1
S I |
0.05 0.1 0.15 0.2
95% CL limit

SM p-value (61%)

All measured coupling strength modifiers are compatible

with their SM predictions


https://link.springer.com/article/10.1140/epjc/s10052-022-10588-3
https://doi.org/10.1038/s41586-022-04893-w
https://arxiv.org/abs/2202.07953

Simplified template cross section (STXS)

Nature 607, 52-59 (2022)
» - ATLAS Run 2 99 > H
* STXS framework partitions the Higgs SHZ300 Gev EEE
cross section measurements separately =0 jets 1 jet 22 jets
in several bins of kinematic regions in . . <350 Gev]  m; 2350 Gev
Im g | | g f_ | 2 (mm | EuspTd Ewbg A
an optimized way ST % PR | |oee ]l st :
< * ° i ] i i . @ e o Vrie. - o[ 1
 Split phase space of Higgs production ok : | : N3 e N L E I ¥ i
. ° ° ° B ] N - I 1 Bl ] - -
processes into 36 kinematic regions N S I RN S R S
0 10 200 0 60 120 200 0 120 200 200 300 450 (9]
« Optimise signal and BSM sensitivity pricey pricey pricey pricev
 Reduce theoretical uncertainties that e 7]
” ” @ Data (Total uncertainty) | | -
are dlreCtly fOlded 1nt0 the SySt Uncertainty * _
measurements. E== SM prediction . o L ) — ] —
 Allowing the combination of CIP{ 2= =% N1 SR T e S
. . I ] i ] Bk ¢ . - 7
measurements 1n different decay of P 8 : 1§ 3 5 *re 5
channels and eventually between B S - oL o, .
. VH-enriched VBF-enriched 350 700 1000 1500 o0 350 1000 (o)
experiments. -~ m;; [GeV] m; [GeV]
* The p-value for compatibility of the 4q'> WH > Hev | pp > ZH> HPP tiH th
. = 103 - T — T 3 = 3 T 1 T ] 'é_zl - I i | I ] 'q-_C_?| 1000 -
combined measurement and the SM S * [ . 1 S0 o 1 £ 70
prediction 1s 94% ¥ |k = 1 o fF 15 | 00 ¢
10’ 3 -9- — 100 u ] L ® 'I_ 250 - _L
. | | | | ;3 | | L, 0f | L | N 1 e -
10 0 75 150 250 400 00 0 150 250 400 00 0 60 120 200 300 450 (09) 0
? Brookhaven p¥ [GeV] p? [GeV] pt! [GeV]
k National Laboratory 8

All measurements are consistent with the SM predictions
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ATLAS Vs=13 TeV, 139 fb™
H— vy m, = 125.09 GeV IyH|<2.5

-4 Obs + Tot. Unc.

H — yy channel (STXS)

* Best-fit values STXS parameters 1n each of the 28 regions

p-value = 93%
Tot. Stat. Syst.

Syst. unc. I SM + Theo. unc.

. . . . gg—H, O-jet, pl'< 10 ——i 0.67 853( 822 818)
normalized to their SM predictions: ogH,04et, 10 =l <200 -t 123 1010 (012 *050)
L , , e 1.07 *0% (293¢ 01

* splitting bins based on kinematics ggH, 161,60 = " < 120 —c—s 1,41 7038 (4030 +022)
gg—H, 1-jet, 120 = p! < 200 1.0 +05 (+05 +02)

9g9—H, =2-jets, m <350, p: <120

* non-overlapping fiducial regions

[——o——1
0.6 01
_ gg—H, =2-jets, m”<350,1205p_':<2oo ’_.j‘_._‘ 13 +05 E+05 +01 ;
» Uncertainties of 10% for ggF + bbH, 22% for VBF, and 35% ag~H, =21t m, = 350, <200 ———— 1.0 38 (05 03 )
gg—H, 200 = p!' <300 [——] 1.6 f°4 (*gj o)
for WH and ttH. g9-H. 500 < < 50 e 0p 05 (105 161
. . L 65+, = 450 21 14 (11t %)
» Upper limit of ten times the SM prediction 1s set for the tH a-=Hag) =T el and VAL Vel —————— 0.9 '05 (05 83)
g9'—Hqq', =2-jets, VH-had |—.—|| 0.2 Og ( 07 01 )
pI‘OCGSS gq'—Hqq', =2-jets, 3505m”<700, p$<200 | — 1.2 +08 (+06 +05 )
. . . 99'—>Hag', 22-jets, 700 < m <1000, pi’ < 200 14 ( )
» Compatible with their SM predictions, with a p-value of 93% aq—=Hag', =2:ets, m = 1000, p! <200 1.19 +ggg (0% +g$g)
1q'—>Haq', =2-jets, 350 < m < 1000, pT! = 200 0.2 +07 (+07 +01 )
q9'—>Hag', =2-jets, m_ = 1000, p? = 200 IS — 1.6
Process Value  Uncertainty [1b] SM pred. aaHiv, pY < 150 ! . | 18 +08 g 08 - +02 ;
—Hiv, pY = ————————— et
(Iyul <2.5) | [fb] Total Stat. Syst. | [fb] st 10| ;2 §+82 ;
7 6 pp—Hil/vy, p’ = 150 —— 0.4 ( +1. )
ggF+bbH | 106 T % *C 110279 s gg
, P <60 I—o-H—I 0.8 1
VBF 9.5 5t il | 79703 .60 < < 120 ——r—t 0.8 153 E g g
-1.9 -1.4 -1.4 -0.2 ftH, 120 = o < 200 0.6 ( 81 )
WH 4.2 tllfl tlli t%g 2. St(())ll ttH, 200 = p!! <300 ] 1.2 +08 E+08 81 g
ttH, p = 300 |_H.._| +0.2
+1.1 +1.1 +0.2 +0.1 T ~0.1
ZH -04 T -1.0  -0.3 L.8Z04 » » L L |
P 0.4 0.3 0.1 0.1 -1 0 1 2 4 5 6
itH 1.0 J—r0.3 J—r0.3 J—ro.l . ltOI tH — 2 (%5 1)
tH 0.5 +0.8 +0.7 +0.3 0. 19+O 01 w | | I C
-0.6  -0.6 -0.2 ~0.02 > . . . . 10
(O‘B )/(0 BW)SN|
¢ Brookhaven
National Laboratory arXiv:2207.00348 9
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H H y}/ Ch an n el (S M E F T) ATLAS Vs=13 TeV 139fb"; H—yy; SMEFT Interpretation; A=1 TeV

=)= Linear 68% CL
“ @~ Linear 95% CL Linear Lin+Quad
« Standard Model Effective Field Theory (SMEFT) provides a model- EV1 e % 00008750 0.00437
independent setting to describe deviations from SM (33 STXS regions -
EV2 ® 0.0004%> %% 0.0061% ">
better granularity especially at high m;;) - -
. ] . . . C k EVZ | orrmmes p— 003977 0.035%1
Lagrangian up to dimension 6 is written as £ = L\ + Z—Ok e
° A2 0.4 0.2 0 0.2 0.4 0.6 0.8
k
» ¢,- Wilson coefficients operators are expressed in the Warsaw basis
e o . ' = u ] +0.25 ] +0.29
/~ Individually measured c, with others set to zero =Y 000z 00905,
Simultaneous measurement of SMEFT parameters by computing eigenvectors &% | -5 el 022, 029,
-1 _ pT—1
EVn with PDF approx. Gaussian: Coyppr = P Copxo > eve | e  — 019 0011
) -t 1+t -+« 1+ +1++t—1 &+ ° 1> 1 17 ° 1 | ///?-- @————rennunnun, 1.0 12
2 T ATLas e Linear best-fit (obs.) —— 68% (0bs.)---- 95% (obs) ] EV7 / ' ATose 09T
qi) 6:— 05 - 13TeV 139 - Linear+quadratic best-fit (obs.) 68% (obs.) 95%(obs.)—_ e e e e
GE) 4__ H-yy, m, _1250969V A=1TeV ]
9 | —
DG_S — . - EV8 o — e 0.65".7 4212
2 - _— EVO |  emeeee. —0— 75727 17714
The SM - ¢, set to O—»O_T i l 41 | I I I | l l | I l I E EVIO | eemeeemsenees - 7 04807 0427048
K _ EV11 [===mmmmensmees O———F—F—— - 5.6 0.045%""
i, _
B ” EV12 |  mmmmmmmmmmmmeeees —0 Z 26" 1,270
7)Y R Y Y Y Y O R O Y N 20 10 0 70 26 30
CHwCHBCHWBCHGCw CG  Cuw CuB CuGCuH CdH CLBC; C,(JC; CL,S,) CHu CHd CHOCHD cc(f;’ 053)’051,)'01} Cuu Cc(yi) C((;j) C(?
x100 x100x100 x100x10 x10 x10 x10 x10 x0.1 x0.1 x0.1 x0.1

- no significant deviation from SM
&\ NBaE?rgh?b?r\ggg SMEFT parameters other than the one measured are fixed to 0 5 10
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HIGG-2018-49 P [GeV]

E o[ aTas  awromnmme
arXiv:2207.08615 T [ YH—yy & H-ZZ* QCD scale uncertainty
Difterential X-SECthn Lof e e e oty
< 20F )\ TLA|S | | | | - 80 O Systematic uncertainty —
o : i H-—Zzz* = i |
% Q 2 yozzH- : . — i
 Joint analysis H — ZZ* — 4¢ (£ = eor u) R i B A ERr e
and H — yy channels agrs ) Sy by | .
. B 1.4F ! ¢ MG5FxFx K=1.47, +XH  — 40+ —
 Measure differential cross-sections as a s F E}] e ONNLOPS Kef, X : [% M :
T samwms XH =VBF+VH+ttH+bbH+tH I |
function of the following variables: pT , 0 - 2oL 5-7Tev, 45" .
lead.jet 0.8 I*? 20% statistical — I Is=8TeV, 20.3 fbj ]
‘ yH ‘ ]etS’ p 0.6 [+1+ uncertainty per bin up to 3 - Is=13TeV, 139 fb
04 + 5 300GeV.then60% 3 0" T T T T T 2 13
H— Z7* — 4¢: 33. O+5 1p‘b 0sE +++ Wl E Vs [TeV]
+ OE. ..... AASSSAUSAAANNNANNNNNNNNN \\\\T\f \\\\I\\\\\\M ° TWO decay Channels arc compatible With
H— YY: 58.1 5 4pb g 2f - T cach other with p-value of 49%
o 1.9 ' N
4.0 [ L R R “oprtyi e Their combination agrees with the SM
. Total: 55.5%%. pb (SM: 55.6 + 2.8 pb S oS-t e
3 8 p ( p ) |§ 0O 10 20 30 45 60 80 120 200 300 650 13000 predlctlons (p-Value Of98%)
pH [GeV]
. " . . . %' 1.4: ‘ i | . Data | ]
» Analysis ggF H - WW* — evuy to measure differential cross-sections G b 2\ sys, Uncertainty E
(0 and 1 jets) 5 T  PowhogsHenwig? (p957%)
=} - MadgraphFxFx (p=97%) A
* Measurements 1n a fiducial phase space - minimizes extrapolations and S 08 E
therefore the model dependence of the results "o | ATLAS Preliminary -
0.4 H—WW—evuv; N ,=0,1 —
. Transverse mass my as a function : pf, [ Vil pR.pL, my, vy, Ay, cos 0% ook | fo= o7V, 1001 E
- . 3 ¥ ..
* Compatibility with SM (p-value) 93-97% g oF | — -
S e 1 $ b -
8 O;_ ] ] \ ] E
k‘~ BrDthaven- aQ 0-30 30-60 60-120 120-1000
National Laboratory & 11
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Back to x - Adding VH(cc), VH(bb) dataset

* Combined fit with the measurement of Higgs
bosons produced 1n association with a Wor Z

boson decaying to b- or c-quark pairs

* Allows for a more stringent constraints of the
coupling modifiers «. and k;, without any
assumption on the bottom quark coupling

o Total Higgs width is resolved with k., k;, and
BBSM = Binvis. T Bund.

 other couplings set to SM

« Two scenarios Bggyy = 0 or Bgqyy 1S a free
parameters

 Ultimate sensitivity to k. and k;, at the price of a
larger model dependency.

e Upper limit on . of 4.8XSM at 95% CL

k’,\ Brookhaven

National Laboratory

arXiv:2207.08615

— I I I | I I I I | I I I I | I I I I | I I I I | I I I M

- ATLAS % Standard Model ~ ----68% CL -

- H—=ZZ"H —yy, 4+ Obs. Combination — 95% CL ]
- VH(bb), VH(cT)

BBSM= 0
~ Vs=13TeV, 139 fb™

o N A OO 00 O

I
N
_}III|III|III|III|III|III|

-llII|III|III|III|III|III|III|

-1 -0.5 0 0.5 1

Kp

Observed Observed

Scenario 68% confidence interval 95% confidence interval

[—1.61,1.70] [—2.47,2.53]
[—2.63,3.01] [—4.46,4.81]

Bpsm =0

No assumption on Bgsm
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CP property: VBF H — vy

» SM Higgs Spin 0 and positive parity (J* =
Run 1 data (spin 1 and 2 excluded >99.9% CL)

» Test of CP invariance using two effective field theory bases (dim-6) :

» d in the HISZ basis (further tightened through combination with
reSUItS frOm the H— 17 Channel) Phys. Lett. B 805 (2020) 135426
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B == === =l v RN = m omge
e s

* Cyiy In the Warsaw basis (for future combinations)

Total Matrix: | M(Re(/% SM%@+<% CP @

CP-odd (c; Wllson coefficient)
Optimal Observable: OO =2 - Re(ME,, - Mcp_oad)! | A SMl

SM Contribution term

68% (exp.)

95% (exp.)

68% (obs.)

d (inter. only)

[-0.027, 0.027]

[—-0.055, 0.055]

[-0.011, 0.036]

d (inter.+quad.)

[-0.028, 0.028]

[-0.061, 0.060]

[-0.010, 0.040]

d from H — 11

[-0.038, 0.036]

[—0.090, 0.035]

-
Z
<
X
Al
20
0™*) established with o
10|
95% CL 5_
68% CL
0
3 9
%
x 8
Al
7
CP- even BSM 6
5
Phys. Lett. B 805 (2020) 135426 . ,
95% (obs.) 3
[-0.032,0.059] 5 o . 2
o034 0071 @ 20% improve at 68% CL .
3x better for 95% CL ob_

[-0.034, 0.057]

Combined d [—0.022, 0.021] | [-0.046, 0.045] | [-0.012, 0.030]
cgw (inter. only) [—0.48, 0.48] [—0.94, 0.94] [—0.16, 0.64] [—0.53, 1.02]
cgw (inter.+quad.) [—0.48, 0.48] [—0.95, 0.95] [—0.15, 0.67] [—0.55, 1.07]

Q’\ Brookhaven

National Laboratory

Crys SX more restrictive at 95% CL

2005 0 005

Q.

arXiv:2208.02338
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ATLAS

Vs =13 TeV, 139 fi’
VBF H— vy

~|,IIII|IIII|II

ST Exp. stat. + syst.
—— Obs. stat. + syst.

----------------------------------------------------------------------

Inter.

-----------------------------------------------------------------

Result compatible with SM and no sign
of CP violation is observed in data 13
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ATLAS-CONF-2022-016

CP mixing angle g i
 Probing the CP nature of the top-Higgs Yukawa coupling in /7H and L | 32
tH events with a Higgs boson decaying to a pair of b quarks: H — bb : 1.,

L = — Ky,Qy(cos a + iy5 sin o)y,
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k? BiElEEEE Results are compatible with the SM expectation within
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Off-shell production of the 7/ i —
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V20 H - ZZ > Ay Exp-Stat.only ]
. . e 1 — Exp- Sys
o Search of off-shell production of the Higgs boson has been  onesn Jn?ff? © cosmam 1o
performed with the full Run-2 dataset 15" o
» Two decay states: ZZ — 42 (£ = eor u),and ZZ — 202v
2 2 2 2
on—shell _ EggH8HZZ GOff‘z},‘eu‘, e 8ggHSHZZ
—-H->VV —-H—
° myl 'y ° mz;
* Uoii_shen = 1.1 £ 0.6, upper limit 2.3 at 95% CL TR,
* The background-only hypothesis 1s rejected with an obs. (exp.) S | ATLAS Preliminary _' Sﬁi_é;a; only ':
significance of 3.2 o obs. (2.4 o exp.) R 20?03nT+ Off-shell combined - Exg-gtyat- only
13 TeV, 1 1 — Exp-Sys |
* Marks the experimental evidence of off-shell Higgs production. [ eSmony 11 Eesao 1ol

* The measured total width (combination with on-shell H —» ZZ* — 47 )

of the Higgs 1s: 4. 61“% g MeV (Exp. SM(FSM) 1s 4.1 MeV)

» Upper limit on the total width 1s found to be 9.7 MeV obs. (10.2 MeV
exp.) at 95% CL

u»'\ Brookhaven"  No deviations from the SM prediction are observed

National Laboratory 15



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-068/
https://arxiv.org/abs/2202.06923

H self coupling - theory

» Search 1s the double Higgs production and self Higgs coupling

arXiv:2211.01216

» The Higgs boson self-interactions are characterised by the trilinear self-coupling 4.,

Ky = Agpy / HHH

 Results are reported in terms of the coupling modifier «; defined as the ratio of the Higgs boson self-coupling to its SM value

Direct measurements: production of two Higgs bosons

Indirect measurements: single-Higgs production

_ +2.1 _ H
ggF(p p — HH) = 31. 0—7 2fb at \/; = 131TeV Higgs boson self-energy -7 ">\
/ \
g 9990999999999 > 0;{ ————————— H g (9999999999999 H----- i -Af Im;---- H
t \ /
K¢ K\ M7
F
) 1! A e . 55 Z VBF
H 9 (GO000— L - > 4
Kt g \H ~H
g 9999999999999 < ®------——-—-- H A  TR—— v //:/:A_____ 17
oy " H
9 RQQQQ) ‘t q . . q
ttH
— > t
H H
b - —--- H
. P
21 i)
- ' - "
¢ Brookhaven
National Laboratory 16



https://arxiv.org/abs/2211.01216

H Self coupling - results ELI_ 8_ \Ziggiev,126—139fb‘1 Eg;ﬁ;;{ly nl

HH + H K, only: HH + H K, generic

95%: k) € [-0.4,6.3]
HH + H K, generic:
95%: k) € [-1.4,6.1]

= W T | W/ /| S A 95% —

 Single- and double-Higgs boson analyses based on the complete Run 2 6

* Investigate the Higgs boson self-interaction and shed more light on the
Higgs boson potential, the source of EW symmetry breaking in the SM.
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goF HH and VBF HH directly sensitive to the Higgs boson self-coupling constraint 2
NNy S ] 68% __
> » . +lo i | |1 | |
Combination assumption Obs. 95% CL Exp. 95% CL Obs. value™ 7 0—% 0 5 10 15
HH combination -0.6 < k3 < 6.6 21 <k <78 1+ K
Single-H combination 4.0<k; <103 -52<Kky<115 x=25% L1471
SOVE = X | ATLAS —— 68%CLHH+H |
HH+H combination —-0.4 <ky <6.3 -19 <k <76 _ - VS -13TeV. 126—139 fb-! —— 95%CLHH+H -
HH+H combination, «, floating -0.4 < k3 <6.3 -19<x;<7.6 ka=3.0-8 1.3 Al other « fixed to SM — ng gtz -
ST : _ - Observed — 68% CL HH -
- 1 oF —= 95%CLHH
T~ 10del independent limit " j; ohpredeion
double-Higgs decay channels are combined with single-Higgs boson cross-section 1.1 :— —“\\‘ —:
measurements assuming k, 1s the only source of physics beyond the SM i ] .
i ; _
Uy / 7
 Using the combined measurement (assuming k; only source of physics BSM), values - ol )
outside —0.4 <k, < 6.3 are excluded at 95% CL (exp. —1.9 <k, <7.6) 0.9L -7 -
 This study provides the most stringent constraints on Higgs boson self-interactions to date 10 ' '1'0' — '1'5' —50
K
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Conclusions

 We are 10 years after the Higgs boson discovery
* Most up to date results of i1ts properties were presented

* Gauge couplings to vector bosons (W, Z) and y and Yukawa couplings to 3rd
generation fermions (7, b, 7) are experimentally confirmed

* Achieved less than 10% precision (total uncertainties) 1n a few individual channels
but others still dominant by statistical uncertainties

o Improvement in Run3

» Aiming for percent-level precision at HL-LHC
* STXS regions allows stronger constraints on BSM & SMEFT well advanced
* The best constraints on HH signal strength and x; to date from ATLAS

* So far, Higgs complies with SM predictions
I L? Brookhaven
National Laboratory 18
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Run 2

» Run2 data-taking successtully finished 1n
2018

* 139 fb-! of 13 TeV proton-proton collision
data collected by ATLAS 1n total after data
quality (DQ) requirements thanks to the
excellent LHC performance
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Run 3

Slightly higher CM energy, double luminosity of Run 2

Channel | 13.6/13TeV 14/13.6 TeV

H (ggF) 7% 6%
HH 11% 7%
tt 11% 6%
) o
i R e LHC risk analysis found training to 7 TeV unreasonable
tttt 19% 11% — 6.8 TeV was decided in 2021
L ) o
SUSY stop (1.2-1.5 TeV) 20-30% 14-19% Calondar Voar 5053 5053 3004
Z (5_6 TeV) 50-70% 30-40% Machine efficiency 25 % 50 %
o o Bunch population [10*!] at FT 1.4 1.8
QBH (9'5 TeV) 250% 100% Collisions at IP1 and IP5 2736 2736 2484
Norm. emittance at FT [pum] 1.8 || 1.8 | 25 | 1.8 | 25
Levelling time [h] 53 ([ 12.1 114|102 | 9.3
Optimal fill length [h] 10.7 || 15.5 | 15.0 | 13.7 | 13.3
Integrated luminosity/year [fb~"] | 35.4 || 84.4 | 83.6 | 81.2 | 80.1

Table 3: Performance estimate at 6.8 TeV for 2022 and 2023/2024, considering various possible
beam parameters in 2023/2024, assuming a turn around time of 4.5 h, 130 days of pp run per year,
and an effective cross-section of 100 mb. The impact of the finite 5* steps during 3*-levelling is
neglected, degrading at the percent level or less the performance of each year (e.g. correspond-
ing to a reduction of the 2022 and 2023/2024 performance by 0.3 — 0.4fb~' and 1.1 — 1.2fb~",
respectively, assuming a 3* step of the order of 5 %, see [34] for more details).
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