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Combined Higgs boson measurements
and their interpretations ¢
- with the ATLAS experiment
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Production modes & decays

* Inputs ATLAS, Run 2, L=36.1-139 fb1,
H->vy, H>ZZ, HOWW, H>Zy, H>bb, H> 11, H>pp

« Signal strength
U=1.05+ 0.06 = 1.05 + 0.03 (stat.) = 0.03 (exp.) = 0.04 (sig. th.) = 0.02 (bkg. th.)
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+others measurements (c;BR, ratio o/, BR/BR;, etc.)
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Coupling strength modifiers

 coupling strength modifiers (k framework, no Zy, 1)
3 scenarios, increasingly reducing assumptions

(1) boson/fermion symmetry (reduced H couplings to f, V)
KV 1.035 + 0.031, k=0.95 + 0.05
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Coupling strength modifiers

3) generic parametrisation: allow non-SM: effective couplings for loops
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ATLAS Run?2

Kinematic properties (STXS)

Kinematic properties, STXS stage 1.2, 36 truth bins

s

* |

*was split in [0-60], [60 ; 120]
in ATLAS-CONF-2021-053
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e x—>2HDM ATLAS, Run 2, L=36.1-139 fb,

Coupling modifiers>2HDMs, H,,:: assumed~=couplings Hg,,, changes: f(a, tan )
Limits Couplings=f(cos(p-a), tan [3)

typel type II Type III Type IV
ATLAS Preliminary e ATLAS Preliminary e Ky sin(f — «) sin(p — «) sin(p — &) sin(B — «)
Vs =13TeV, 36.1 - 139fb~1 ---- Expected 95%CL Vs =13TeV, 36.1- 138 fb~? ---- Expected 95%CL
g B T T @GN zs I cos(a) /sin(B)  cos(a)/sin(B)  cos(a)/sin()  cos(a)/sin(p)
2 10! : 2 108 Y kg cos(w)/sin(B) —sin(a)/cos(f) cos(a)/sin(f)  —sin(a)/ cos(p)
I [ ¥ s cos(@)/sin(p) —sin(a)/cos(p) —sin(a)/cos(8) _cos(a)/ sin(p)
« Compatible w/ alignment limit:
 Best fit not shown
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Combination STXS+decay->SMEFT, Warsaw basis

e EFT ) ATLAS, Run 2, L=36-139 fb,
) o o el
o= Asul’ + ) 5 2Re (A0 AL ) + > T|:ﬂ§f‘)| + )~ Re (A0 A() +pure A4
interf. SM-d6  pure d6 " interf. d6-d6 -;ntenl‘ SMC'Id'm 8
Linear (in c;) Quadratic (in c;) Cross-terms neglecte
* |Inputs
ATLAS: _
-Higgs: H>yy, H>ZZ", HOWW", H> 17, Hébﬂ 24 c./eigenvectors(c): || 28
-do/dX EW linear+quadratic linear
LEP, SLD: EW observables

« Symmetry: U(2)y X U(2), X U(2)q X U(3); X U(3),

* Impact c; (linear) on STXS & BR | STXS | BR
_ 1( ggH VBF VH wHH | | BR |
Rel. uncertainty 5|
measurement = .
E°‘i§|||||||||||| HENEE R x4
Impact c; — ! ‘

\\\\\


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/

Combination STXS>SMEFT

* Results ATLAS inputs (Higgs + do/dX EW)
individual and eigenvectors (else no sensitivity)
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. Inputs ATLAS, Run 2, L=139 fb,
H>vyy, H>ZZ 54l Channels compatible

e Systematics
Dominated by stat. uncertainties ;experimental & theoretical uncertainties correlated
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k= 100'_ ATLAS — SM 6 (pp—H, m, = 125.09 GeV)  _|
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o [pb]

Theory/Data

e do/dX ATLAS, Run 2, L=139 fb?,
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055 = g 05C i ]
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model. QCD rad., prod. rﬁmé)des
JES/JER important

Sensitivity p',, to Yukawa Hcc, Hbb
loop(ggH, I'(H->vyy), thus BRS), qq, 99
normalization & shape of p;H

pH [GeV]

perturbative QCD

Combination w/ VH(bb, cc)
Jet energy, flav. tagging not correlated:
(clustering #)

Channel Parameter Observed Expected
95% confidence interval 95% confidence interval
Combined Kb [-1.09,-0.86] U [0.81,1.09] | [-1.14,-0.92] U [0.86, 1.15]

Ke [-2.27, 2.27] [-2.77, 2.75]

Scenario Observed Observed

68% confidence interval 95% confidence interval
Bpsm =0 [-1.61,1.70] [-2.47,2.53]
No assumption on Bgsym [-2.63,3.01] [-4.46,4.81]

Best «. constraint


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2022-04/

H->1nvisible

e SM:BR(H>ZZ*>4v)=0.1 % Run 1+2, L=4.7+20.3+139 fbL,
Higgs portal SM<dark sector

DM y: MET: indirect

ttH

H+j VBF

« Correlations

Run 2 : most experim. systematics correlated among channels

Run 1-Run 2: most experim. systematics uncorrelated
detector layout #, data-taking #<>data-driven calibration #
bkg modelling: improvement in MC & theory
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H->1nvisible

Limit BR H->inv (95 % CL)
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HH & Higgs self-coupling (k)

Run 2, Vs=13 TeV, L=126-139 b1,
(from paper draft Hy5cH,c+H 5c)

* Inputs

Channel Integrated luminosity [fb™!]
HH — bbyy 139
HH — bbr*7~ 139
HH — bbbb 126

«  Limit p,, (95 % CL) HH=f(x

e T T T T 1 T 1 T T ]
ATLAS —— Observed limit —— Observed limit (95% CL)

Vs=13TeV,126—139 b ... Efpectgi ;jpm;}hesis)
M HH)=32.7 fb HA =
Ogat +ver(HH) = Expected limit +1g

[ Expected limit +20

. T T T 1 T T T

- ATLAS Obsered i (95%

- VS =13 TeV, 126—139 fo-" = e hypota )

104 HH-bbT* T~ +bbyy+bbbb == Expected limitig .
F [ Expected limit 20 ]

E=S Theory prediction

¥¢  SM prediction

OggF + ver(HH) [fb]

Obs. Exp.

103 -
bbyyl + 4.2 5.7 Fe——=—c - ===
bbrrTol * 47 39 , 4 5
) 2 )
o 10 E —— bbyy
bbbbl- 54 8.1 e T
—— bbbb
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P £ T SRR RS R N S SN S, 1 01 TN T TR S TR S SN IR RS SRR R B 1
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95% CL upper limit on HH signal strength Lipy

obs: 2.4xSM, exp: 2.9xSM K, 0bs: ]-0.6 ; 6.6[
(if no HH) (exp:]-2.1;7.8[)
(4.0 if SM)

}\’, KZV, o .)

over(HH)([fb]

I e S B B B S S S B ey s B s B B s s s e
r ATLAS = Observed limit (95% CL)
E: ted limit (95% CL,
[ VE-13TeV, 1261891 == el e
103 HH-bbT*+T™ + bbyy + bbbb [ Expected limit +10 =
E 1 Expected limit +20 3
\ E=E Theory prediction
y, \\ % SM prediction
102? ““““““““““
107E
E — bbyy
—— bbt*T"
3 —— bbbb
oL —— Combined
10:\Ill|\IIll\IIIlLIIIlLIIIlIIlI
-2 -1 0 1 2 3 4

Kay

Ko 00S:]0.1; 2.0]
(exp:]0.0; 2.1])
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~ HH+H:probing further,

* Inputs Run 2, Vs=13 TeV, L=126-139 fb !,
HH (bbyy, bbtt, bbbb) + 1-H (yy, ZZ">4l, ttr, WW >evpv, bb)  (exploit loop from
Negligible overlap channels, removed ttH(tt) : 4 % in HH higher order)
« Parametrisation
-o HH: f(x;,, x, xy Koy) -BR(x,, x,,) -Axe: f(k,)
1-H STXS: sensitivity 1 for x,, k., (K;, K, K, Ky) -Axe: f(x;): =1

(ggF=f(i,) inclusive : not exploiting STXS granularity)

B T T T
| ATLAS

< I I I n - - -
§ [ ewememe UL add 1-H : relax assumptions Higgs couplings
- oserve — HH+HKonly ]
: wiennener | @S SIFONQ as wo/ i,
6 95%: k) € [-0.4,6.3] -]
5 i gt | * Less model dependent
4':_’ ””” N\ N\ 7y T Combination assumption Obs. 95% CL Exp. 95% CL Obs. Valuetll‘;
2k ] HH combination -0.6 <k; <6.6 21<k; <78 Ky = 3.13_3
0‘ 777777777777777777777777 o , Single-H combination -40<ky1 <103 -52<ky<11.5 k= 2.5i§'_g
- 0 ° 10 Kls HH+H combination -04 <Ky <63 -19<k;<7.6 Ky = 3,0t11‘
- bs: [-0.4 : 6.3] - . :
K}\,' ODs: Ty Y HH+H combination, «; floating -04<ky <63 -19<k1<7.6 -7
exp: [-19 . 76] HH+H combination, ;, Ky, kp, k¢ floating  —1.4 < x, < 6.1 22<ky <77



http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2022-03/

Conclusion

Object Reference & comment

H,og Mi, Mg, STXS, K , Run 2, L=36-139 fb!
36 truth bins
ATLAS-CONF-2021-053: less channels, one truth bin more (split)
k. add generic ratio f coupling modifiers

Hyos k=>BSM: 2HDM "Run 2, L=36.1-139 fb!
Hizs STXS>EFT "Run 2, L=36-139 fb1

SMEFT, Warsaw  topU3l: relax t, b: U(2), X U(2),, X U(2)4 X U(3); X U(3),
ATLAS-CONF-2021-053: only linear, flav. symmetry U(3)°

Opy105 do0/AX , Run 2, L=139 fb!
H,,:2>inv , Run 1+2, L=4.7+20.3+139 fb!
HosH 55 - , hon resonant HH combination part of HH+H

, Run 2, Vs=13 TeV, L=126-139 b1
-Non-resonant: superseeded by HH part of
-Resonant: not new since D1S2022: backup, ATLAS-CONF-2021-052

H5H 125+ H15 | My, K , Run 2, Vs=13 TeV, L=126-139 fb!

Prospects HL-LHC, \s=14 TeV, L=3000 fb-!
Not new since DIS2022: in backup
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Backup

Abstract: Combining measurements of many production and decay channels of the observed Higgs boson allows for the highest possible measurement
precision for the properties of the Higgs boson and its interactions. These combined measurements are interpreted in various ways; specific scenarios of
physics beyond the Standard Model are tested, as well as a generic extension in the framework of the Standard Model Effective Field Theory. The latest
highlight results of these measurements and their interpretations performed by the ATLAS Collaboration will be discussed.
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Production (SM) * Decay (SM)

g TR R ST B © YRA4, arxiv: 1610.07922 [hep-ph]
%m‘ i E YRS, arxiv: 1307.1347 [hep-ph]
% pp — qgH (NNLO QCD + NLO E\Ji/] %
E_pp— ttH (NLO QCD + NLO Ew) | —=_ Hey’y : tlny Interference
o : 1 ~ signal/bkg
120 12 124 §I1|26 128 130 10y36 151125125 124 125 126 125 158 126 130
M, [GeV] . M, [GeV]
Signal strengths, L : Fiducial /
J J Simplified Template Cross-Section : :
scale factor differential
(STXS) :
U, k framework Cross-sections
 Direct (dis-)agreement SM ()« “Simplified’ : indep. decay mode & » Specific to decay mode &
« f(ref.): model, precision ¢y  easy to combine cs(i%H)phases ace (truth binsy > N0t €asy to combine
* higher sys. error () *  (exA); from SM : assummed template in fits (I2"H=2]) nase space o
— » Reduced th. sys. error (.  region detector acceptance
H=(cXxBR)/(cXBR)g, _ y © S ation full o
,.sq ° region detector acceptance |y,[<2.5 () no extrapofation Tull pnase space g
i = H— ) = o™ X/"f_ no extrapolation full phase space Fiducial region as close as reco

selection level->tiny model
dependency 20
* Reduced th. syst. error (no ref.)

" k" >reduced model dependency
« Enhance sensitivity for BSM models
» =f(experimental acceptance simulation)
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Inputs : ATLAS-CONF-2021-053 vs Nature

ATLAS, Run 2, L=36.1-139 fb,

Decay channel Target Production Modes £ [fb_l] Ref. Used in combined measurement
H — vy geF,. VBF, WH,ZH ttH,tH 139 [10] Everywhere
PR geF, VBF, WII, ZH, t7H (i) 139 1]  Everywhere
ttH  36.1 [19] Everywhere but STXS and SMEFT
R ggF, VBF 139 [12] Everywhere
H =W tHH  36.1 [19]  Everywhere but STXS and SMEFT
-t gl VBF, WH, ZH,ttH (ThaqThaa) 139 [13] Everywhere
ttH  36.1 [19] Everywhere but STXS and SMEFT
B WH,ZH 139 [14,15,16] Everywhere
H — bb VBF 126 [17] Everywhere
ttH 139 18 Everywhere
H — pp geF, VBF,VH, ttH 139 20 Everywhere but STXS and SMEFT
H — Z~ geF, VBF, VH, ttH 139 21 Everywhere but STXS and SMEFT
H = inv VBF 139 22]  Scc. 62 & 6.3
ATLAS, Run 2, L=36.1-139 fb!,
Decay mode Targeted production processes £ [fb~!] Ref. Fits deployed in
H—yy ogF, VBF, WH, ZH, fiH,tH 139 311 Al
H—-ZZ ggF, VBF, WH + ZH, ttH 139 [28] All
1tH + tH (multilepton 36.1 [39] All but fit of kinematics
H— WW ooF, VBF 139 291 Al
36.1 [30]  All but fit of kinematics
t7H + tH (multilepton)  36.1 [39] All but fit of kinematics
H— Zy inclusive 139 [32] All but fit of kinematics
H — bb WH,ZH 139 [33,34] Al
VBF 126 [35] All
ttH+tH 139 [36] All
inclusive 139 [37] Only for fit of kinematics
H— 11 ggF. VBE, WH + ZH, 1tH 4[tH] 139 [38] Al
1TH + tH (multilepton) 36.1 [39] All but fit of kinematics
H— pu ggF +7H {THJVBF + WH + ZH 139 [40]  All but fit of kinematics
H — cc WH+ZH 139 [41] Only for free-floating k.
H — invisible VBF 139 [42] « models with By & Biny,
ZH 139 [43] «k models with By.& Biyy.
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Higgs detailed map (STXS, «)

e Inputs pp>ii>ff ATLAS, Run 2, L=36-139 fb1,
-Higgs
Various prod. modes & kinematics (STXS) various decays Luminosity application

(allows do/dX per prod. mode)

Targeted production processes

Decay mode L[] Fits deployed in
ggF, VBF, WH, ZH. . 11H.1H H—yy 139 All
goF, VBF.WH + ZH.11H + tH H—ZZ 139 All
iTH + rH (multilepton) 36.1 All but fit of kinematics
egF, \{BF H— WW 139 All
B ﬂ'/H. ZH 36.1 All but fit of kinematics
ttH + tH (multilepton) 36.1 All but fit of kinematics
inclusive H— Zy 139 All but fit of kinematics
WH.vil; H— bb 139 All
_ 126 All
H+1H 139 All
inclusive 139 Only for fit of kinematics
geF, VBF, WH + ZH, 1iH +1H H—1r 139 All
ttH + rH (multilepton) 36.1 All but fit of kinematics
geF+ttH +1H VBF + WH + ZH H— pp 139 All but fit of kinematics
WH+ZH H—cé 139 Only for free-floating x
VBF H — invisible 139 x models with By & Biny
ZH 139 x models with By, & Bjny
| ————————————————
—
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Couplings Combination Run 2

P < 200GeV
1

qq — Hiv

pp — HUL

my; < 350 GeV

my; = 350 GeV

pi < 200GeV




Coupling strength modifiers

 coupling strength modifiers (k framework, no Zy, 1)

1) boson/fermion symmetry

Ky=1.035 + 0.031, k=0.95 + 0.05

=

2) « treated independently (no invisible/undetected)

Scaling of coupling with mass
(reduced H coupllngs to f, V)

{iis. ATLAS Runz Qe
1.10F ¥ gt
1051 3
1.00F x E
0.95 - E
0.90 - E
0.85" E
0.801 E
0% 700 15 1Mo

3) generic parametrisation (add H—=>inv)
allow non-SM: effective couplings for loops

£fg 1" ATLASRun2 )
; 3 E
: 2.scenarios F7: T l
o
E
ELL|§ o X, ;r;eppd r:nt (add H->cc = ‘o L. ATLAS Run 2
> =
< - K —_————i Leptons Quarks )
102 = i R e v vl u] e ‘—
E T Quarks § Kb I_:—__o_‘— EI d s ‘n
3 B nn - Force carriers Higgs boson |
e, CoEcE: <] = piam
C Force Higgs boson | K,| ————— o—
104 & | cl | EI = L b —e— B =8,=-0
> 14_]lii| T —rrer l__ Kg = - B tres, B, 20, xy <1
I C 7 K e ——— SM prediction
Ou_ 12+ l - 4 - Paramet lue not allowed
M 1 I g i i KZy | .-------———l—————-l—'—I ————————— I -
08L l i i B 0.8 1 1.2 14 1.6
} | | Ll L] T 68% CL interval
10 1 10 10? T T
. Binv -------------------------- 1
. . Particle mass [GeV] L
95 % CL limit on x, ] S o T
. . . 95% CL.Iimit

obs: <5.7xXSM (exp: <7.6xSM)

| -wo/ invisible/undetected

SM 2
2, Bjx;

K.ZLI(K, Bi,B,) = (=B, —B.)
1. u.

1 -w/ invisible/undetected
~" 1 BR, (#SM), BR,, (light g, low MET)
| degeneracy: k<1, k,<I

BR;

iy 0bs:<0.13 (exp: <0.08)
BR

obs: <0.12 (exp: <0.21)
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tanB

tanB

Kk—>2HDM
Coupling modifiers>2HDMs, H,,:: assumed~=couplings

Limits Couplings=f(cos(p-a), tan [3)

1

-1 s L s | . L n
10—1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

1

10

ATLAS Preliminary
Vs =13TeV, 36.1- 139!
my =125.09 GeV, |yu| <2.5
2HDM Type-|

- SM
--- Expected 95%CL
—— Observed 95%CL

o0t

\ ‘
\
1 i
\ i
\ 1
\ !
\ ;
\ i
;
\\ l'
Y F
\
kY I‘
\, /
\ /
\ /
\
I‘ r
\ Al .
\ /
i /
. i
i /
' I
1 I}
vy
VS . .
i
v
!
|

fermiophobic

[l

f:t

cos(B — a;

ATLAS Preliminary
Vs =13TeV, 36.1 - 139 fb~1
my =125.09 GeV, |yu| <2.5
2HDM Lepton-Specific

- SM
--- Expected 95%CL
—— Observed 95%CL

Lepton-

o0t

Specific

1 00

Lepton specific

I:I:

q

-1 s L s tH . L n
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

cos(B — a)

tanf

100 F

-1 L L L |
10z .00 -0.75 -0.50 -0.25 0.00

100

10

ATLAS, Run 2, L=36.1-139 fb,

ATLAS Preliminary

VS =13TeV, 36.1 - 139 fb~!
my = 125.09 GeV, |yu| <2.5
2HDM Type-Il

--- SM
--- Expected 95%CL
—— Observed 95%CL

D/l U

100

"
\
.
",

MSSM-like

025 050 075 100
cos(B — a)

ATLAS Preliminary
v5=13TeV,36.1-1391b71
my = 125.09 GeV, |yy| < 2.5
2HDM Flipped

--- SM
—— Observed 95%CL
--- Expected 95%CL

Flipped

Flipped

\
N
NN

W,
e

D U/l

() ()

-1 L L L
-1.00 -0.75 -0.50 -0.25 0.00

025 050 075 1.00
cos(B — a)

ﬁﬂ, changes: f(a, tan )

typel type Il Type 111 Type IV
Ky sin(ff — ) sin(f — &) sin(ff — ) sin(ff — o)
ky cos(w)/sin(p)  cos(a)/ sin(B) cos(w)/ sin(B) cos(a)/ sin(B)
kg cos(w)/sin(p) —sin(w)/cos(B) cos(a)/sin(f) —sin(a)/ cos(B)
iy cos(a)/sin(B) —sin(a)/cos(B) —sin(a)/cos(f) cos(a)/ sin(B)

e Compatible w/ alignment limit:
cos (B-a)=0
Hy=H\M, Hff=H;>M
« Best fit not shown
(limited sensitivity in tan )

» petals: Hff: same magnitude, sign+#
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Combination STXS>SMEFT

* Inputs pp>ii>ff ATLAS, Run 2, L=36-139 fb1,
-Higgs
Various production modes & kinematics (STXS) various decays
(allows do/d X per prod. mode)
Target Production Modes Decay channel L [fb_l]
goF VBF, WH, ZH, ttH,tH H — v 139
geF, VBF, WH, ZH,ttH (4/) H 277" 139
ggl’, VBF H—WW* 139
ggF, VBF, WH, ZH, ti_:H(ThadThad) H— 71 139
WH,ZH ) 139
VBF H — bb 126
ttH 139

-#Higgs (-do/dX EW, EW observables : LEP, SLD)

Prod. & decay : parametrised-> c; (CP-even, real), SMEFT, Warsaw basis
ATLAS constraints on 24 c;/eigenvectors(c;) : linear+quadratic
(28 when adding LEP+SLD) . linear
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Combination STXS>SMEFT

ATLAS, Run 2, L=36-139 fb,

(6) (C (6)) (6 .(6)
o= [Asml® + Z ﬁZRe (ﬂgﬁ)ﬂgm) i Z |3[f‘5)| G < LT 5Re (ﬂ{ﬁ)ﬂ(ﬁ)*) +pure A
i i i<j ) ]
interf. SM-d6 pure d6 interf. d6-d6 +interf SM-dim 8
Linear (in c,) Quadratic (in c;) Cross-terms ~neglected

 Linear vs linear+quadratic: qualitative measure of missing O(A4)
* NWA: factorize production/decays

0b=0‘gM<1+ZAblcl+ szlc +Zcbl )

i<j
linear quadratlc Ccross-terms

* Input parameter scheme: my,, m,, G¢
e Symmetry topU3l: relax t, b

ui2), x U(2), xUR); x UQ), X U(3),
2 first generations quarks treated similarly All lepton generations
3rd generation quarks: no symmetry treated similarly

A=1TeV, reinterpretation A’: ¢;2X(A/A’)? 27
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Combination STXS->SMEFT

Wilson coefficients/operators probed by Higgs channels

pure bosonic IH+f

T 1
chn (H'HOWE'H) Cerr (HH)leH) )
abe ~av <, 1 v o H (3)
ca R erdenders Corr (H'H)(qY,/uH) ¢y
Cw W w P Ctr (H'H)(QH1) CHe
* A 1
CHD (HTDMH) (HTDHH) Cor (H'H)(QHD) c;;
(3)
CHG HTH G:}UGAPU CHq
CHB H'HB,,B" CHu
Crw H HW,, W CHd
t I I v C(l)
CHW B H't HVVM,B HQ
(3)
CHQ
Crt

2H+f

1H+G+f

A ALy T A
(Qa"™ T t)H G,
(Qaw't)'rjﬁ I/V:“,
(Qa""t)H B,,,

Ci@
Cewv

CiB

lightq & Q

(1,1)
Z(f&
51
Céqﬁ)
€Qq
(]

tu

(Q7.Q)(@"q)

(QT" Q)@ "+"q)
(Qo'7,.Q) (o' q)
(Q0'T"7,Q)(qo" T"+"q)
(v, t) (@ u)
(R, Q) (v w)
(QT* 7, Q) (uT"+u)
(@7.Q)(dy"d)
(QT"y,Q)(dT*~"d)
(@v.a)(ty"t)

(@7, a)ET*4"t)

Some common & additional c; for do/dX EW (ATLAS), EW observables (LEP, SLD)

Impact c; (linear) on STXS & BR

| STXS

BR
\

( ogH VBF VH ttH,tH \ ( BR \
- S !
rel uncertalnty 5 |
. 05
measurement
= 1F
[0)] F
= : CW=1.0
LLIIj 05 [ c =0.2
o c'¢=0.2
S A gl U 1 B B o
mpact C; —>
-05F
-1t P S S S S S S L S S S S S S S S S S S S R SR SR PR P S S S SR N
Z. 2. . WY QG 0 UGNY L & Zo. Zo <Yy Gy Of K
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% SN “z@»v@a 0 0//’? 2 600023 v Ty o g, 28
iy 8, D 7 Yo vl v 2 e % % » %
B K, 0 Y, 0, 7 0
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Combination STXS+decay->SMEFT, Warsaw basis

Assumptions STXS : independent of c;: {signal acceptance/efficiency, signal shape, bkg}
~ true: partition in regions of similar kinematics

no more true for decay:

eg: H24l, Mgpieaging i (£7), from gg>H->41, assumed valid for all prod. modes)
parametrise in fiducial cuts

- -1 Sjmulation EFT

~ow=7 1 Basis samples c.

"= 1 Tree level/LO: Madgraph/SMEFTSim

+ Loops gg—->H, gg>ZH, H>gg: SMEFT@NLO

E H->yy: analytic computation

- Higher order corrections : factorize from SM

0.25

- ATLAS Preliminary

o
no

£ Mg iy = 12GeV

o

o

w
[

Normalised to unit area

e
—
\

0.08"" T

o 10 20 30 40 50 60 70
m,, [GeV]

e Systematics
Common systematics treated correlated among channels
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Combination EFT

Wilson coefficient and operator

Affected process group

LEP/SLD ATLAS ATLAS
EWPO Higgs electroweak

CHO (H'HO(H'H) v

cc Fedesdess v v
Cy dTEwlwrw e v v
Cip (HfDuH)* (H*DHH) v v
CHG Hwah ot v

CuE H'H B,,B" v

caw H'Bw,, wH v

cywp H'T'uw.,B"™ v v v
CeH (FY (1, H) v

Cutl (H'H) (Y, wH) v

Cim (H'H)(QH¢) v

CoH (H'H)(QHD) v

&) (H'i'D , H)(iy"1) v v v
) (HY DL H) (i 1) v v v
Cire (H''D  H)(#v"e) v v v
¢y @D @" ) v v v
5 (HY DL H) (g7 q) v v v
CHu (HH?HH)(ﬂ-’)'M’U) v v v
CHa (D, 1) (" d) v v v
iy (D, m)QQ) v v

chy  (H'BLE)Qr Q) v v

b (H'i'D 1) (by"b) v

Crre (D ) (") v v

Cra (Qa“"T"t)ﬁGf},, v

Cew Qo™ t)yr' HW,, v

CiB (Qo""t)H B,, v

cy (I ) (") v v

ATLAS, Run 2, L=36-139 fb,

Wilson coefficient and operator

Affected process group

ATLAS ATLAS
Higgs electroweak

s (@ v
o D@ ) v
Cow () (@r*w) v
Ced (eyue)(d"d) v
Cla (f I)(in u) v
Cid (1) (dy*d) v
Cqe (qr.9)(er"e) v
Cf;}{l) (@7,.9)(@v"q) v
Célq”g) (7T 7.9 (@T* 7" q) v
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) (@) v
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0 @udrd v
Cfd) (@I "y, u)(dT+" d) v
& @@t v
oy @) Ty v
A @ Q>(d7"d> v
& @ty v
5V (@@ v

¥ (@r wxaT “q) v

o Qo' ,Q)(@0' ) v

o) QT T ) v

ii) (Bv,.t) (" w) v
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C(Qgi (QT" 7, Q) (uT " ~"u) v
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Appendix impact c; (linear) on STXS & BR
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EFT implementation

« Higgs sector Mbins d Poysi
Category b, considered as an histogram bin £ (Nle. ) = | | Poisson (Nb‘NE (faf")) x| | fi (80
.. b [
pp21i>1f constraints on systematics
N (e.0) =) 'Z NPESM () ( L+ Y A+ BUICT+ ) Chlcic; | + Ny SN (0)
r|ld ) i i i<j
signal bkg

Assumptions STXS : signal acceptance/efficiencies, signal shape, bkg independent: c;

~ true for H->2 bodies: partition in regions of similar kinematics
Decays : no more true : parametrise EFT effect acceptance & shape
eg: H=24l, Mgpiea4ing n (Off-shell Z), from gg>H->4l, assumed valid for all prod. modes)

EW sector: some exceptions of parametrisation acceptance
;ATLAS:F;@"‘”'“'"W o :SM 1« Simulation EFT
M = 1266V 1 Basis samples c;
1 Tree level/LO: Madgraph/SMEFTSim
1 Loops gg—->H, gg>ZH, H>9gg: SMEFT@NLO
] H->vy: analytic computation
- Higher order corrections : factorize from SM
__1 Propagators corrections linear expansion 32
60 70 -
n cey (Quadratic neglected)

0.25

Cow =
= Cpw =
T Gy =

<o
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T T T
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o
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e
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EFT implementation

« EW sector: likelihood from gaussian from oy,=f(c;, 0)

« Scan test stat: profile likelihood ratio g (¢;) =—2log -
->Confidence Interval (Wilks theorem, 2 distribution) L (x\é‘h H)

e Systematics

Common nuisance parameters for systematics of various channels
Luminosity : split : 1 correlated, 1 for 2015/2016, 1 for 2017/2018

PU modelling/eff PU suppression: correlated

Some uncertainties correlated among sectors (some components of JES, etc.)
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Combination STXS>SMEFT

* Results ATLAS inputs (Higgs + do/dX EW):
individual and eigenvectors (else no sensitivity)
-orthogonal subsets affecting some observable
-PCA operators within group

o
HB,HW HWB,HD,tW tB

f(c) 21y )
Hesslan matrix H,,, change of basis matrix A o
Hsmerr = A"H HA ch
expected uncertainty o; eigenvalues A: o=1/\

- additional results: ...+LEP+SLD o
- Simplified likelihood: very good agreement ="

i
Chi, e

| | [1]
exp _E AuT V; 1 Ap CHu‘Hd,Hf,icE;‘])
Jen det(v,)

[2]
2g2/

L(p)=

o4
HB,HW , HWB, HD.W, 8

Ap=p—f
cof

uH.dH,HO

U=f(SMEFT) o, e
CEr]w).nm

CeH
CtH

o2
Hu, Hd, Ht, Hg
Céﬁzf

]

4
Cogar

ATLAS Preliminary
V8 =13 TeV, 36.1-139 fo~

SMEFT A =1TeV

e BestFit
— 689% CL
wnnnes 95 % CL
—— |inear
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e
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I
1o

AT 00N
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ombination EFT

ATLAS, Run 2, L=36-139 fb,

CHG
[1]
10 % Cripy v

Chyy, vir
3
A
A
HVV, vir
5]
RV, vir

¢t

2q21
i
4q
Cw
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Chyy, vir

7
HVV vt

Bl
HV vt
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(12"’
Chvv, vir
Cig
[1]
Ciop
CuH,dH,HO

o
2q2]
i
4
0[13] q
A
14
Crvy, vif
CeH
CiH

ATLAS Preliminary

Vs =13 TeV, 36.1-139 fb~!
SMEFT A =1 TeV
Linear parameterisation

- —— -

e Best Fit
68 % CL
------- 95 % CL

M Higgs
B EWPO
EW

—0.04
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Appendix combination STXS>SMEFT
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* Inputs ATLAS, Run 2, L=139 fb1,

H->yy, H>ZZ" >4l Channels compatible

« Systematics

Dominated by stat. uncertainties ; Experimental & theoretical uncertainties correlated

Ofid_ * do/dX (Njets’ PTIead'_jet, Yul, Pr™)

2F T T T T T T T T T T
E ATLAS . Mz

9 T T T T T T o) O I = 2 —
L a 50 . E
& 100F ATLAS — SM o (pp—>H, my=125.09GeV) | = [ ATLAS b Ho2zZ . 8 SF 3
= ) L F H-ZZH-o1y Y Howyy b 3 F H=>Z2ZH-m ¥ H-ow ]
T [ YH-oyy AH-ZZ* QCD scale un.certalnty 1 L {s=13Tev, 139" +  Combination S 1gf -13Tev. 13910 ¢ Combination 3
3 | & Combined data Total uncertainty (scale ® PDF+o) ] 40— [ Systematic Uncertainty = e [ Systematic Uncertainty E
© 80 . . _ C Total Uncertainty % “FE Total Uncertainty 3
i O Systematic uncertainty ] L A1 [ MG5 FxFx K=1.47, +XH S 14F [ MG5 FxFx K=1.47,+XH
30— ‘e NNLOPS K=1.1, +XH — © F ‘= NNLOPS K=1.1, +XH 3
B C wessses XH=VBF+VH+tiH+bbH+tH | t2g NN wesenes XH=VBF+VH+ttH+bbH+tH
60 S : Ot 3
- 201~ * - 0.8F { I% + H -
i r i IE*] frore N . ] 06 F p E
L r I ] Lt =
i C {BH*-m;, 02F ! fods =

i L I e (N - Y T N P PP PP S i

20 Vs=7TeV, 451" © 13_ . = . g, R ot R Rkt FEOTRE F7 -2
i {s=8TeV, 20.3 b - A 1. S & s I 1
[ {5 =13 TeV, 139 fb™ E i R R bt gy -
= f i i i
ob—t e v 2 o5k = g 051 : .
7 8 9 10 11 12 13 = Ny=0 Nyt Njpo=2 N g2 3 £ 0 10 20 30 45 60 80 120 200 300 650 13000

pr [GeV]

modTeI. QCD rad., prga. modes perturbative QCD

« Sensitivity Yukawa Hce, Hbb JESMERIMportant . oo mphination w/ VH(bb, cc)
loop(ggH, I'(H->yy), thus BRs), qq, qg Jet energy, flav. tagging not correlated:
normalization & shape of p," (clustering #)

Observed Expected Scenario ObservedA OtjservedA
Channel Parameter 95% confidence interval ‘ 95% confidence interval 687% confidence interval  95% confidence interval
Bpsm =0 [-1.61,1.70] [-2.47,2.53]
Combined Kb [-1.09,-0.86] U [0.81,1.09] | [-1.14,-0.92] U [0.86, 1.15] No assumption on Bpsm [-2.63,3.01] [—4.46,4.81]
Ke [-2.27, 2.27]

[-2.77, 2.75] Best k. constraint
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Gigr 00/ AX

* Inputs ATLAS, Run 2, L=139 fb!,
H->yy, H>ZZ >4l

« Systematics

Acceptance/response matrix: correlate theory unc. (QCD, pdf, PS, composition signal)
Experimental & theoretical uncertainties correlated

Dominated by stat. uncertainties

Dominant systematics: bkg modelling (H->yy), luminosity

Niets: P12 18t JES/JER important

Dominant th: PS ggF

* Fiducial cross-section
Compatibility p-value=0.98

a T

2 ool ATLAS — SM o (pp—H, m, =125.09 GeV) |
Ig [ YH-oyy dH-2Z" QCD scale un.certainty 1

o | ¢ Combined data Total uncertainty (scale ® PDF+a)

80 O Systematic uncertainty -
60

40}

20 I Vs=7TeV, 4510’
- Vs=8TeV, 20.3fb"
I Vs=13TeV, 139 fo’' ]
N T 38
7 8 9 10 11 12 13

Vs [TeV]
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* do/dX

T T T T T T T T T T

T T
FATLAS b OHo oz

~n

g S0~ aTLAS b Hozzt . 3 103?_ ATLAS ;‘ H s zz* | E - amas 3‘ H;ZZ“ 3 22 E
© L Hezz Mo ¢ Hom 19 F Ho2Z' H =y ¢ Howy 3 ¢ p HoZZHowm toHow 49 2 Ho 22 H oy ¥ Hoy E
40__ Vs=13TeV, 139 1o ¢ Combinal.ion f.g— 1025_ Vs =13 TeV, 139 fp™ + Combina[.ion 7 - E Vs =13 TeV, 138 b ég;g:;n::gnumemm ___% 1.8;— Vs=13TeV, 139 1" ¢ cgmbmm‘ion =
: e S [ R S s B i wd a2
C B:I ’ B e mcs Exe KJZ?, wxH 35.- . [ ] Mctis IExe K=1lzt?‘ o 50 iRV 2 14f [ MG5 FxFx K=1l,y47, xH
8o ’I ol CoONMOPSKelLeXH ) B E oS e E E soeeeee XHVBFVHftHibBHtH | 4 of < NNLOPS K=14,+XH 3
i ....... XH=VBFVHutIHsbDH+H | 8 i_ sesiees XH=VBF+VH+TH+ H:-!H_: 405 3 % A T XH=VBF+VH+”H+WH”H_§
o Nies 1 T et PloA0 30#’--.}&‘ hﬂ ’ﬂ | e 0-;%5 I{J | P
£ e I T N CO I R bl o | T,
: *ltiﬂf s ] _zf 4_ ....... f 10; F*J: 0:2_ H" ;“"#*:4, E
. 13,—__ ________________ o sy ,*m’f: ) 102 ] I o o T .rt e o ﬁ,*im ‘ I
s 1 g 4 . ] 15k % i
% Ui b L R Qg T U;:Illllifllli%‘ :)EZI ------- e O L P |||I ------- 5
g 0o N0 N N2 nes £ % a0 m 60 120 850 0 015 040 045 060 075 090 120 160 200 25 0 10 20 30 45 60 80 120 200 300 G50 13000
jts P [GeV] b pl [GeV]
th. model. QCD radiation, prod. modes pdf perturbative QCD
Channels compatible
« Sensitivity Yukawa Hcc, Hbb: e Combination w/ VH(bb, cc)
loop(ggH, I'(H->yy), thus BRs), qq, qg Jet energy & flavour tagging not
normalization & shape of p;H (variante : shape only)  correlated: #jet clustering
. Ob d Ob d
Channel Parameter 95% COSESZ;‘::Zdinterval ‘ 95% Cofgg:rclzdinterval e 68% Conﬁzz;z nterval 95% Conﬁzzg‘; interval
Bpsm =0 [-1.61,1.70] [-2.47,2.53]
Combined Kb [—1.09, _0-86] U [0.81, 1-09] [_1-145 _0-92] U [0.86, 1-15] No assumption on Bgsm [-2.63,3.01] [-4.46,4.81]

c -2.27,2.2 =2.717, 2.75 . .
- 7227, 2.27] 7277 27 Most stringent constraint
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H->1nvisible

« SM:BR(H>ZZ*>4v)=0.1 % Run 1+2, L=4.7+20.3+139 fbL,
Higgs portal SM<&dark sector, DM y: MET: indirect
H+j VBF VBF+y ZH ttH
g 9 g t
Fo< P
g . g t
» Correlations
Run 2 : most experim. systematics correlated among channels
Run 1-Run 2: most experim. systematics uncorrelated
detector layout #, data-taking #&data-driven calibration #
bkg modelling: improvement in MC & theory
* Limit BR H=>inv (95 % CL) « EFT and UV models explored, m >2my,up
z 1f T T T T T T | = — e
i 09E ATLAS — Observed ~ — ‘S, N ATLAS 3 BH',””,V<0'093
@ E_ Vs=7TeV, 471" ..., Expected _E S 109 :\\ B 77ev. 4717 ] All limits at 90% CL
5 0'85 Vs =8 TeV, 20.3 fb' ERS = S - \\\ Vs= 8TeV, 203" 7 Higgs Portal WIMP:
E O7F Vs=13TeV, 139 6’ [CJ+2 E ? = \ E=13TeV, 139" [ < Sodar
E TE - S 10k Ny =
g 065 3 E e N i Majorana
o 0.5 —; - :: ~"~‘\ ........ :: Vectorgpr
d 0.4 _i (mos't Strlngent 10_45 :: \~_: __T‘___T',_f.r—z """ Vectoryy mogel, o = 0.2
§ 0.3 . —; reSUItS to date) 10749 :: ’, ......................... :: Olherexperiments:.
0.2 3 I " s IR
o mmi ODS: 0.107 B e
0% éé, 7 7 o o e exp:0.077 7~ complementary 7 . 40uxzerun

o

S 10 1 10 10° 10°
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H->1nvisible

ATLAS, Run 1+2, L=4.7+20.3+139 b1,

Translated by EFT in spin-independent G p. nucleon

mediator new interactions > TeV>>m,,
Scalar, Majorana, vector

Owimp-nucleon [€M?]

---------
------
-
t.-.,
-

...........................

Complementary to direct searches

L.

----------

L |

ATLAS
Vs= 7TeV, 471"
Vs= 8TeV, 20.3fb"
Vs=13TeV, 1391b"

e
.~
..
---------
-

at

.....

1"
-

coherent elastic

................

neutrino-nt ucleus scatterin

1

.| ol ol .|°°|

10

103

tmwmp [GeV]

Kinematics: assume myy,;;p<my/2

B, <0.093
All limits at 90% CL

Higgs Portal WIMP:

Majorana

Vectorge

Vecmruv model, o« = 0.2

Other experiments:
© Xenon1T-Mig
— — DarkSide-50
- =~ PandaX-4T
LUX-ZEPLIN
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H,,:H,,: non resonant: selection

* Dbbbb

Very high BR (33.9 %)

Largest background (QCD)

=4 b-jets (DL1r, WP 77 %)
top-veto discriminant Xy,

HH discriminant X,

Final discriminant variable: m,,,

*  bbyy

Very low BR (0.26 %)

cleanest signature

=2, 2 b-jets (DL1r, WP 77 %)
Veto e, u (- other HH w/ leptons)
bkg: continuum yyjj, 1-H
Resonant analysis:

continuum vyyjj, non-resonant HH, 1-H

MVA

-Resonant: resolved (R=0.4)
boosted (R=1.0) Categories: m,,
(anti-k; jets) Final discriminant variable: m,
Resonant : NWA
* bbbt

Large BR (7.3 %)
=2 b-jets (DL1r, WP 77 %)

ThadThad: TiepThad- 11 8/H + Tpag, OS], OF {2 154 OS, veto e, p}

Bkg: tt, Z+HF
Final discriminant variable: MVVA
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Non-Resonant H,,:H,,¢

e Systematics

Data-taking, pile-up mis-modelling, luminosity : correlated
Physics objects : correlated, m, : correlated

Different methodologies : uncorrelated

Theoretical: correlated ; 1-H vs HH: uncorrelated

Systematics constrained significantly: checked correlation effect: < 2%: take conservative

HH: dominant bkg estimates data-driven: uncorrelated w/ 1-H
negligible impact choice, apart ggF HH: correlation | 7 %: take conservative
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HH

Run 2, Vs=13 TeV, L=126-139 fb1,
(from paper draft Hy5cH,c+H 5c)
* Inputs « Systematics
Channel mtegrated luminosity [fv™'1  Physics objects : correlated, Am,, : correlated
HH — bbyy 139 methodologies # : uncorrelated

HH — bbt*1~ 139 .
I bEbE 126 Theoretical: correlated ; 1-H vs HH: uncorrelated

«  Limit Wy, (95 % CL) HH=f(k,, Kp\p ...)

e — LI L L I L B B E — ‘L L B L N B L L B B LN B B B
ATLAS — Observed limit £ - ATLAS — oObservedimit@s%cy) | =2, [ ATLAS —— Observed limit (95% CL)
vs=13TeV,126—139 o' ... Expectedlimit — i , Expected limit (95% CL) | <= i Expected limit (95% CL) |
oM., er(HH)=32.7 fo (1t = 0 hypothesis) I T Vs=13TeV,126—1391b~" == (4,,-0hypothesis) I VS =13 TeV, 126—139 fb-’! == (=0 hypothesis)

oo 0 Expected limit t10 £ 104 HH-bbT* T~ +bbyy+bbbb == Expected imit+10 = 3;, 103 HH-bbT+ T~ +bbyy+bbbb  E== Expected limit +10 =
[ Expected limit +20 L = [ Expected limit +26 5 F 1 Expected limit 20 3
> E== Theory prediction O> B LA\, == Theory prediction ]
* Y¢  SM prediction - A ¥¢ SM prediction g
L S N Rt
Obs.  Exp. Dg 108 10 :EY‘ -- S m e — =<3
bbyyF + 42 57 TEEEEE === e .
bbrrTol * 47 39 4 2 101
. 2 E ,
o 10 F o —— bbyy
bbbbl 5.4 8.1 E bbT*T-
- — bbbb

Combined~ ¢4 24 29 i — Combined | 100k — Combined

\|§||I||\|I...\I\.\.I\.\.I..\. 101\|\|I\||\I1 TN [N T S S N AN T S | E 0 0 Lo b b b b
0 5 10 i5 20 25 30 10 _5 0 5 10 15 -2 -1 0 1 2 3 4

95% CL upper limit on HH signal strength Lipy sz

obs: 2.4xSM, exp: 2.9xSM K, 0bs: ]-0.6 ; 6.6[ icpy: 0bs: ]0.1 5 2.0
(if no HH) (exp:]-2.1;7.8[) (exp:10.0; 2.1])
(4.0 if SM) 45
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Resonant Hy,:H ;¢

ATLAS, Run 2, Vs=13 TeV, L=126-139 fb .,
« Resonant analysis (non resonant superseeded by HH content of HH+H paper draft)

my € [251 ; 3000] GeV, NWA

final DV
bbyy: 251-1000 GeV m,,
bbtt: 251-1600 GeV MVA
bbbb: My

resolved (R=0.4): 251-1500 GeV

boosted (R=1.0): 900-3000 GeV sensitivity dominated by...

bbyy bbrtr bbbb
= T T - | E— LA L A L AL L R
5104; ATLAS Preliminary 3
T E “\\ Vs=13TeV, 126 - 139 fb-" 3
) Y\ Spin-0
x \ i —— Observed limit (95% CL) |
o 10°F --- Expected limit (95% CL) 3
F = Comb. exp. mit+ 1o 3
i 3 Comb. exp. limit £ 20
1025_ c\ = 3
F \\\ D ZolocaI:3_2 ]
L: veto resolved events from boosted selection 1 , S aq ZP=2.1
10— bbb | R 3
- —— bbttt”
- —— bbyy |
10 —— Combined -
E L1 1 | l :‘ | 1 1 1 | 1 | T T I I I | || 1 I 3 46
200 300 500 1000 2000 3000

mx [GeV]
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« Correlation
correlate systematics among channels

Source Scale factor bby~y bbr T~
Experimental Uncertainties
Luminosity 0.6 * *
b-jet tagging efficiency 0.5 * *
c-jet tagging efficiency 0.5 * *
Light-jet tagging efficiency 1.0 * *
Jet energy scale and resolution, EAs® 1.0 * *
Ky reweighting 0.0 * *
Photon efficiency (ID, trigger, isolation efficiency) 0.8 *
Photon energy scale and resolution 1.0 *
Spurious signal 0.0 *
Value of m 0.08 *
Thaq efficiency (statistical) 0.0 *
Thad efficiency (systematic) 1.0 g
Thad €1Ergy scale 1.0 *
Fake-7y,,4 estimation 1.0 *
MC statistical uncertainties 0.0 *
Theoretical Uncertainties 0.5 * *
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 HpsHpstHs

* Inputs ATLAS, Run 2, Vs=13 TeV, L=126-139 fb',
Channel Integrated luminosity [fb~!] mH:12509 + O 24 Gev
HH — bbyy 139 (LHCHWG 2022 002)
HH—>bl_?T_T_ 139 ~ T
HH — bbbb 126 g- G{pp - H[H)"'X} I I—gn'gr':' D:E E  heww
H — vy 139 %w‘gr-mnv _E':: E g 1.1;_ ::_j’rz
H— 77" — 4 139 g ok I |
H— v~ 139 w?__ K
H — WW* — evuy (ggF,VBF) 139 :
H — bb (VH) 139 | —
H — bb (VBF) 126 b ]
H—bb (iH) 139
10 3 - ]
 Parametrisation of 1-H and BR

-1-H: exploits STXS granularity: increase sensitivity to ,, k., (K, Ky, K., Ky/)
accept. x efficiency : negligible dependence «,

slgndl

(K2, Km) o pi(Kas Km) X pp (Kas Km) X osm,i X Bsm,p X (e X A);p f(process, STXS)

1
1— (kx2 — 1)02y

f (KK)Z F’NLU:-:W _ gBsM [(HA | 1)Ci n H’ﬂ ZBSM _
Ty LOpw.SM Kiw '
ggF: «, dependence only + not using STXS depence
1-H=f(x\, K,,): prospects, although small sensitivity (arXiv:2208.09334) 49

-BR(x;, ) taken into account
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 HpsHpstHs

e Systematics
Data-taking, pile-up mis-modelling, luminosity : correlated
Physics objects : correlated, m, : correlated
Different methodologies : uncorrelated
Theoretical: correlated ; 1-H vs HH: uncorrelated
Systematics constrained significantly: checked correlation effect: < 2%: take conservative
HH: dominant bkg estimates data-driven: uncorrelated w/ 1-H
negligible impact choice, apart ggF HH: correlation | 7 %: take conservative

« Combination H+HH

Treated statistically independent

Consider further HH=f(x,, «;, k\, K,y)

Search overlap (1-H : négligeable, HH : <0.1 %, H-HH: <1 % apart H>tt, HH->Dbbrr:

removed ttH(t7) : 4 % in HH

K- obs: ]-0.4; 6.3] 50
exp: ]-1.9; 7.6[



< 10 I I I I | I I I I | I I I I I | < 10 I I I I | I I I | I | I I I | I
- - ATLAS i - - ATLAS il
- - » — H K, only = - - » —— H Kk, only s
ol | vVs=13TeV, 126—139 b HH K onl | o | vVs=13TeV, 126—139 b HH K1 onl |
| 8 Observed A onty — | 8 Expected SM A Oy —
i - HH + H K, only | i - HH + H K only |
- HH + H K only: HH + H K, generic - - HH + H K only: HH + H Kk, generic
6 95%: k) € [-0.4,6.3] ] 6 95%: K € [-1.9,7.6] ]
- HH + H K, generic: . HH + H K, generic: .
B 95%: k) € [-1.4,6.1] T 95%: Kk € [-2.2,7.7] T
4 - — —
o - -
0 i I l 1 l | } 1 l |

-5 0 5 10 15 5 10 15

Ka Ka

g9 HH : Ak, k)=1,xA +120 D o(k, K;)=K, 2K 2A]? +x|0O)2+k 3k, f(A,O)

o1



 HpsHpstHs

+1-H allows to relax assumptions on Higgs couplings to other particles

4-11_4\|\|||||\|\||||\|\|||\|\|w||\ 4.;1_4
x [ ATLAS —— 68%CLHH+H | x

1 T T T I T T T T I T T T T I T T T T T 1 T T I I T T 1
. ATLAS — B8%CLHH+H

[ Vs=13TeV, 126—139 fo~ = 9% CLHH+H ] [ VS=13TeV, 126—139 fo~' —=+ 95%CLHH+H
1.3 Allother k fixed to SM — S8%CLH 4 1.3 Allother k fixed to SM — 68%CLH
E Observed - gg:::: gt ZH i E Expected SM - gg:’;: g:: ZH
1.2 o s 1.2 . oL
— C oqr  Bestft HH+H ] C oqr  Bestft HH+H ]
1-H 115 N N e R B e e S A g
strong constrainti, 4 & D E i ]
as strong wo/ «x; : s : :
0.9 - | . 0.9 | -
_10 15 20 -10 15 20
(1) CL, treatment Ka Ka
(2) Profile likelihood ratio scan
Combination assumption Obs. 95% CL Exp. 95% CL Obs. valueillg
(1) HH combination —06<k1 <66 21<k; <78 k=31
2 Single-H combination —4.0<k3 <103 -52<ky<115 «ky3= 2.5Jj§:g
)| HH+H combination —-04 <k;<6.3 -1.9<k1<7.6 ky =3.018
(20 HH+H combination, k; floating -04<k3<6.3 -19<k1<7.6 Ka= 3.0f11'.g
| HH+H combination, k;, Ky, kp, kK floating —1.4 < k) < 6.1 —22<ky <77 Ky = 2.33:})

Less model dependent (HH parametrisation)



Prospects HL-LHC
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* Inputs Prospects HL-LHC, Vs=14 TeV, L=3000 fb1,
Run 2 bb’yy, bbtt Process Scale factor
Siggg?SHH 1.18
« Extrapolation VBF HH 119
-my=125.00 GeV (negligible) ““wrn " L
L M o gluon luminosity
-5 Vs=14 TeV ‘ a I bbtt : {Z+HF, tt}: norm: data
Others L1 ‘ —>additive x factor: {1.37, 1}
e Systematic scenarios « Alternative systematics
-Baseline: -No syst. uncertainties
stat: x 1/VL -Theoretical unc. halved: th/ 2, exp : / 1
L: 1% (Run 2 : 1.7 %) -Run 2 syst. unc.

Theory: /2 (‘continuous progress’)

MC stat: @ (cpu for generation)

K, samples reweighting: non-closure: g (cpu for generation)
spurious signal : @ (‘progress in modelling”)
object performance: f(upgrade) envelope <> uncertainty on prospects
bbyy: m,,: 240 MeV->20 MeV

. o4
 correlate systematics among channels
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H,5H 125' prospects HL LHC

Expected limit

-
N
HIL

I LI T I T T T TT
i ATLAS Prehmmary

IMmit| ATLAS Preliminary - = i T 2T B
L I m It Vs=14TeV, ;ﬁﬂmnaw Expected limit 20 g e = ] = ic' IKX ATLAS Prellmlnary
HH - bt T~ + bbyy Expected imit £10 | & 1of- i Ys=14TeV, 3000 ib- = S | V=14 TeV, 3000 fo-'
Projection from Run 2 data £ 95 »| HH__’ b_bT T7 +bbyy : 16 HH - bbT* T~ +bbyy
Asimov data (bkg. only) 2 K ! Projection from Run 2 data Projection from Run 2 data
o2, yor =38.79 b B 8 i Asimov data (k3) Asimov data (ks = 1)
: 2 | —— Nosyst. unc. 3 —— Nosyst, unc
No syst - 0.42 |~ Baseline 12 — Baselinu'a l
o . & Theoretical unc. halved : Theoretical unc. halved
5 ;7 Run2syst. une. I —+— Run 2 syst unc.
Baseliner— 0.58 E sl yst. unc.
af I
Theoretical unc. halved— 0.93 3 E B
2 AN e
Run 2 syst. unc.— 1.16 L
oty 1, DR L 1
o 05 1 15 2 25 3 35 Lovvalieed Liviiliiiil oo liioaliiey . 5. \ WO /- e st
95% CL upper limit on signal strength 92 -1 0 1 2 3 4 5 6 7 8 0
(S M) Kn -2 -1 0 1 2 3 4 5
o . , Degeneracy «, raised by bbyy
Significance [o] Combined signal
Uncertainty scenario bbyy bbrT 7~  Combination | strength precision %] Likelihood scan 10 CI
No syst. unc. 2.3 4.0 4.6 —23/ + 23 (0.6, 1.5]
Baseline 2.2 2.8 3.2 —31/+ 34 (0.5, 1.6]
Theoretical unc. halved |1.1 1.7 2.0 —49/ + 51 0.2,2.2]
Run 2 syst. unc. 1.1 1.5 1.7 —57/ + 68 0.1, 2.5]

bbyy: dominant systematic: spurious signal

bbtt: dominant systematic : MC stat:

Comb.: dominant systematic:

-not in baseline
-in Theoretical unc. halved ; Run 2 systematics unc.
-100 % uncertainty HF - 1-H background
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