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ATLAR Cross sections b A

- Simplified Template Cross Sections (STXS)
Multiple non-overlapping phase space regions based on production mode of the Higgs boson, kinematics of the process
= V(— leptons)H
> Reduces theoretical wowe] [woze ] [ wozm ]
inti | l | : :
uncertainties ° 1B | [T | | > Defined in stages
" | IE | with increasing
> Common.framework for S [ . L I i ] | TR granularity

combination of orthogonal e R E— — |

decay channels 100 [ecefencadionned b RS
O-jet 1-jet > 2-jet O-jet 1-jet > 2-jet O-jet 1-jet > 2-jet

" Fiducial cross section
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Interpretations

* BSM physics modify the Higgs couplings
* Deformations are model dependent, but which model?
* Two frameworks for “parametrizing our ignorance”:

Kappa framework
Coupling of Higgs to p is modified by «
2 SM
Ky = 0p/0,
kp =1 = SM

For loop induced processes
sometimes use effective modifiers,
eg. K,

| . Assumes tree-level coupling structure of the SM | -
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SM Effective Field Theory (SMEFT)
Wilson \
coefficients
(5)4 ) (6) (6)
LSMEFT—LSM+Z A O‘ +Z 9

New physics mass scale

Operators obeying symmetries

d=5,7 operators introduce lepton/baryon number violation
=> Focus on d=6 operators

Allows any coupling that doesn’t violate symmetries




Data: 139 fb?, full ATLAS Run 2

 Measurements: Fiducial single + double do 2500
* Final states with <=1 j are considered

* VBF, VH are fixed to SM and considered backgrounds
Fit is performed to m_. in each bin of observable

mr = (B + )~ o+ BT = ek P

< 14
> F : e Data
% 1.2 w0 Sys. Uncertainty —
= F Powheg+Pythia8 (0=93%) A
L | 2 K- w Powheg+Herwig7 (p=95%)]
1 - # MadgraphFxFx (p=97%)
[=] C —
o 0.8¢
o6t ATLAS E
0.4 s H—sWW—evuv; N_=0,1 -
C Ys=13TeV, 139 b '
0.2 3
L e ]
;  OF : t : ]
w - E
s < " el E
- 1E S ‘*u ] ‘$‘ - E
o 0E £ =
o E 1 1 E
o 0-30 30-60 60-120 120-1000
Pt [GeV]
David Reikher

ggF H—WW" — evuv

HIGG-2018-49

000

TELAVIV_NU'01AIN
UNIVERSITY 2NN

% E o Data ~~ Total Unc.
o 4000 mggF H WVBF H

o  EOther H  tt/Wt

= 3500 mww mZy

:@ Mis-Id [ Other VV(V)
S 3000

>

w

ATLAS
H-WW*—evuv; Niel=0'1

Vs=13TeV, 139 fb!
p: <30 GeV

® 12F 3
& 15-\\’4\\-&\@4‘-\;&--.—\\—.—- A R g e A gy el "““"E
[%2] F ]
8 Os;l I RS P | T B A AR |:
80 90 100 110 120 130 140 150 160

* Dominant sources of uncertainty:
 Jet, muon reconstruction
« t,WWWbackgrounds

« Difficulty in modeling Z~

Measurements are consistent with the SM
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Data: 139 fb, full ATLAS Run 2
* Measurements: Fiducial differential + inclusive cross sections, SMEFT interpretation
* VBF - direct probe of Higgs coupling to W/Z bosons
* Simultaneous binned likelihood fit of MVA discriminants in several kinematic regions.
* e.g.Inthe SR, two BDTs are trained to separate VBF from top+VV and top+VV

from other backgrounds
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Measurements are consistent with the SM
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-25/
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Data: 139 fb, full ATLAS Run 2
* Measurements: o in full phase space, STXS

* New from last iteration (arXiv:1808.09054, 36.1 fb?)

e Larger dataset
* ggFin > 2jfinal state — increase in statistics

HIGG-2021-20
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Data: 139 fb?, full ATLAS Run 2 ATLAS-CONF-2022-067
e Performed in 4 channels
* Different MVA discriminants adapted to background composition are used Channel | Backgrounds
* ANN for multiclassification of signal + multiple backgrounds
* RNN for S/B classification, events as arbitrarily long sequences of objects
* BDT 0s.2l tt, Wt
* Used input variables based on reconstructed object kinematics
e.g. B ) plo SS2L\W(Z/y ), W+, W + jets
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ATLAS Combination of differential cross section 000
measurements in H—Z7 —4land H—~y

Data: 139 fb, full ATLAS Run 2

* Combination of arXiv:2004.03969 and arXiv:2202.00487

* Inclusive measurement for all H production modes

* Extrapolation to common phase space of both channels and combination

» Unprecedented 7% precision for o(pp— H) measurement due to larger dataset and combination of channels
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Sensitive to coupling to b/c quarks via ggF

Measurements are consistent with the SM
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ATLAS . 000
Combined measurements

Combination of multiple Higgs analyses in multiple decay channels and HIGG-2021-23
production processes was performed (Nature 607, 52-59 (2022))
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Combined measurements are consistent with the SM
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Combination in STXS
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Nature 607, 52-59 (2022) cyl
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*A45 Combination — kappa Interpretation

Nature 607, 52-59 (2022)
HIGG-2021-23

No BSM contributions

Two modifiers - KJV (vector bosons), lﬁ:F (Fermions) h;c free or K:c:K:t

Assuming no BSM contributions
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Measurements agree with the SM
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Higgs coupling to cc is very challenging - low BR, high jet background

Combining VHcc and VHbb

yields a 95%CL constraint

IN Hs ZZ' 41 + H—y, do/dp%  is used to derive limits on & , .

K

c
Kb

Constraints on « , s,

0 lepton
Exp.= 40 x SM
Obs.= 35 x SM

1 lepton

< 4.5 => Higgs coupling is weaker to ¢ than to b at 95% CL

2 lepton
Exp.= 51x SM
Obs.= 49 x SM

Combination
Exp.= 31x SM
Obs.= 26 x SM

« Most stringent constraints on r_ in two scenarios — decays to BSM particles allowed/not allowed
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First ATLAS global EFT fit

Framework allows to include additional measurements to improve the combination

* Multiple combined measurements:
* ATLAS Higgs boson data
* ATLAS EW data
* EW precision observables (EWPO) from LEP and SLC

* Cross sections and branching ratios reparametrized in terms
of wilson coefficients in STXS, constraints on 28 Wilson coefficients are determined

David Reikher
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ATLAS Preliminary
V/s=13 TeV, 36.1-139 fb~!
SMEFT A =1TeV

Linear parameterisation

e Best Fit
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ATLAS Run 3 H— ZZ —4l + H—yy dot

HIGG-2022-12
Data: 31.4 fb! @13.6 TeV (H—7)

29.0 fb @13.6 TeV (H— ZZ"—4l)

* Measurement: Full phase space o + fiducial & full phase space ¢ in each channel
* Each channel measured in fiducial phase space and extrapolated to full phase space for

combination
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Good agreement with SM at unprecedented COM energy
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Conclusion

* Run 2:

- Differential and inclusive cross sections from recent measurements are
presented in the ATLAS experiment in STXS, full and fiducial phase spaces.

- Combined measurements are interpreted in the SMEFT and kappa
frameworks

- Improved precision compared to Run-1 due to increased statistics and
Improved analysis methods, entering precision measurements era.

* Run 3:
- First analyses at 13.6 TeV have been published
* All results are consistent with the SM
* Dataset of LHC is expected to increase by a factor of 20 by 2040

David Reikher Thank you! 15
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e Production modes — single Higgs ™~
| Wiz th
----- H
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@ 13 TeV, o(pp— H)=5Tpb ~8M H produced during Run 2
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Ml Recent Higgs coupling measurements in ATLAS

V/s= 13 TeV
ggF H—WW*— evpuv Fiducial do arxiv:2301.06822
VBF H— WW*— ey Fid. do, o, SMEFT arXiv:2304.03053
(VBF + ggF)— WW*— evuv Full o, STXS arXiv:2207.00338

VH H— WW*— (lviv+lvjj) Full o ATLAS-CONF-2022-067

HZZ* — 4] + H_)zy/y Full do,o, K arxiv:2207.08615
.~ H—cc K arxiv:2201.11428v4

V5= 13.6 TeV

HZZ* — 4l + H—y Fiducial & Full & arXiv:2306.11379

Combined SMEFT interpretation

Combinations & interpretations  Combined measurement of Full o, STX.S, k
SMEFT constraints from H*— Z Z— (414 2{2v)

ATL-PHYS-PUB-2022-037

Nature 607, 52-59 (2022)
ATL-PHYS-PUB-2023-012

Dévid Reikher
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EFT interpretation
off-shell ggF H— ZZ—(41+2[2v)

Off- shell Higgs removes Cq, Ct degeneracy: ATL-PHYS-PUB-2023-012
O.SMEFT(CI, cg) ) 7 ¢y mé
~(cr+cy)” [1-—
O-SM 15 Ct + Cy 4m% “ .20 7| LI ‘ T 17T |l T .I LI ‘ 1T 17T | T 1 7T | T 1 1 |7
- ATLAS Preliminary =~ —==- Obs-88%CL. ]
015-H" = ZZ— lw + Obs.BestFit —|
[ 13 TeV, 130! e 4
L Linear + quadratic * SM -
0107 =1 Tev p
P - ]
7 0.05 .
0.00 -
Z
7 -0.05- —
] | ‘ 1 | | ‘ 1 1 | 1 |
0100 0 0 20 30

CoG, Ctp - COeffs. In Warsaw basis
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SYATLAS il
Differential Cross Sections
Sensitivity of Some Observables

. p¥ — at low values, sensitive to non-perturbative QCD effects, at
high values sensitive to perturbative QCD calculations + BSM
contributions

* |yu| - sensitive to PDFs

o Niets: Py — probe theoretical modeling of high pT QCD radiation in
higgs production, sensitive to H production process

* |y,o| - probes theoretical modeling of hard gluon and quark emission

* cosf* - sensitive to spin structure of produced diparticle pairs

David Reikher 21
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Nature 607, 52-59 (2022)

Combination Detalls

Analyses used in combination

Decay mode

Targeted production processes

£ [fb~"] Fits deployed in

H — yy

H—>ZZ

H—WW

H— Zy

H — bb

H— 17

H— pp
H —cc

H — invisible

ggF, VBF, WH, ZH, (iH, tH

ogF, VBF, WH + ZH, tiH + tH
ttH + tH (multilepton)

aggF, VBF
WH,ZH
ttH +tH (multilepton)

inclusive

WH,ZH

VBF
ttH + tH
inclusive

oeF, VBE, WH + ZH, 1tH + tH
t1H + tH (multilepton)

geF+11H +tH,VBF+ WH + ZH

WH+ZH

VBF
ZH

139

139
36.1

139
36.1
36.1

139

139
126
139
139

139
36.1

139
139

139
139

All

All
All but fit of kinematics

All
All but fit of kinematics
All but fit of kinematics

All but fit of kinematics

All
All
All

Only for fit of kinematics

All
All but fit of kinematics

All but fit of kinematics

Only for free-floating «,.

« models with By & Bj,y.
« models with B, & Bj,y.

David Reikher

Likelihood

L(e.6,data) = [ | [] POrslnys" (e, 0) +ns

k ecat bebins

nskig_na] — Lk Z Z((T,Bf)(AE)ffe
i f

ox B

@ []ce,
o<

000

TELAVIV_NU'01AIN
UNIVERSITY 2NN

of each process after combination

T T T T T T
ATLAS —  Total
Ys =13 TeV, 36.1 - 139 fb" = o
my = 125.09 GeV 1 SM
p.. =72%
Sy ; ot oL S
ggF+bbH yy - 104 oo (oo 006 )
agF b 22 " 085 9 (98, o)
ooFseor e CHE (IR I
ggF +bbH 17 = 090 ‘0R (0l ok )
QQF +bbH-+HtH gy —a— 054 T8 (0% . 8
ver 77 e - NE
VBF 22 - 133 5% (0@ Zone)
VBF WW = 113 T e )
VBF <+ = 100 9% (1533, 6i)
VBF+ggF+bbH bb et 098 ‘0l (‘om0
VBF+VH pp 231 % (3. 6%
WH vy 153 9% (140% . 0a)
ZH yy [a—— 022 0R (182, 8%)
VH zZ i 150 (i, 0%
WH Ww —— 226 1% (Com . o)
ZH ww | —e=— 286 115 (1%, 55
VH tz = 100 (0% (103, 18%)
WH bb = 106 0% (5. o%)
ZH bb = 100 9% (155, fois)
ttH yy e 090 35 (8%, 8%)
HtHtH 22 ——— 168 3 (% 0%
HtHtH Ww I-EE-I 184 5 (0. )
ttH+tH 77 bt 137 g5 (R 6
by | 035 ‘I (4R i)
Il 1 1 1 Il 1

) 2 0 2 8 10 12
L e L B B R B B
tHyy 26 3% (438, N3
P PRI R I P R ol v by by by
% 2 0 2 [3 g8 10 12 14

o x B normalized to SM
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https://www.nature.com/articles/s41586-022-04893-w
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Combination allowing BSM

Nature 607, 52-59 (2022)
HIGG-2021-23

B.__ — Branching ratio to invisible BSM particles
B - Branching ratio to

BSM particles that cannot be detected due to
large backgrounds

David Reikher

Effective

000

Kz
ATLAS Run 2 |
K - Leptons Quarks
‘ ARAnn |
| s - mE -
Force carriers Higgs boson ]
K ——
J gy 1z W]
Kiji | i B T
K —— —e— B, =B,=0
g i i -m- B, free,B,>0,x,<1
SM prediction
K —
4 - Parameter value not allowed
KZ'y .............. S S e e
| | | |
0.8 1 1.2 1.4 1.6
68% CL interval
| I
N RREEELLEEEEEREEEEEEEE 1
Bu. """"""""""""""""""" 1 | |
0 0.05 0.1 0.15 0.2

95% CL limit


https://www.nature.com/articles/s41586-022-04893-w
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ATLAS
EXPERIMENT
(ggF+VBF) H—WW" — evpr improvement
2018 2022
- 20— o Raamamna s e e e e e
e — 68%CL ATLAS 2 18- ATLAS — eswoL
—_ 0 -1 £ L A o
: — 95%CL s=13 TeV, 36.1 fb 2 b =137y, 130 1" 5 e
= 15 % Bestfit ] T F i b SM68%CL ]
T+ M @'y 4 ! S
= - w [
1o} ] s F i
S : ] S 12F -
05 - - - i
> i 1 1 il
o 0.5 = C
0.8 -
0.0 . g_ei <]
[ ] 0.4:— —
ol N 1l N P B SR L s rlagseslass e plasrdlagseela e els s gl gy pal o
=5 0 5 10 15 20 25 8 9 10 11 12 13 14 15 16
GggF ) .BH—’WW* [pb] O-ggF' BH_) WwWw* [pb]
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H— ZZ"—4l + H—~v including Run-3 result

s 100 T e

2 90E ATLAS Preliminary — SM o (pp—H, m,, = 125.09 GeV) =

:!f: - ¥ H—yy & H—-ZZ*—4l QCD scale uncertainty .

D% 80F ¢ Combined H—yy + H—4l ™ Total uncertainty (scale ® PDF+a,) -

70F F

60F

50F 3

40F 3

30F | " 2

- \s=7TeV, 45fb' :

20E~ (s=8TeV, 20.3 ' <

10E Vs=13TeV, 139 fb' =

- /s =13.6 TeV, 29.0-31.4 fb' =

PRI N SR ST S T NS T T S SR ST S N T T SN TR S S R T T N T T S S R SR S T
0778 9 0 11 12 13 14

(s [TeV]
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Event Displays

H—~y ggF H— WW'— evuv VBF H— WW'— evuv
candidate Canidate (0 jets canidate
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