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HH production modes

NNLO FT-approx
JHEP 1805 (2018) 059 ggF

= 31.05b*5/% (13 TeV)

[ [ [ [ [ ]
HH production at 14 TeV LHC at (N)LO in QCD 1
~~~~~~~~~~~~~ M,=125 GeV, MSTW2008 (N)LO pdf (68%cl)

10? g imele Phys. Lett. B 732 (2014) 142 -

MadGraph5 aMC@NLO
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m Gluon fusion: dominant production mode

0 about 4500 HH events in the Run 2 datasets
o large destructive interference = tiny xs

o0 self-coupling information both total and
differential cross section (strong MuH
dependence on AHHH)

. second production mode

HH production — direct determination

of Higgs trilinear coupling AHHH
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Which decay channels?

Full Run 2 re_SUItS XX % :current public results at sqrt(s) = 13 TeV _
focus of this talk — = Many final states explored at

the LHC

O progressively covering more as
luminosity increases

—h

ATLAS (VBF only)
CMS

—h
<

My — 125 GeV

m Several full Run 2 results
avallable!

0 focus of this talk

ATLAS

—h
-
R

ATLAS (SM only) 107

107 No “golden channel” for the
CMS bbZZ(4¢
47) study of HH
-5
ATLAS 19 Complementarity from the final
CMS states for SM observation and

10° BSM study

rarer
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PLB 800 (2020) 135103

PRL 122, 121803 (2019)

EXPERIMENT

L AL BRI CMS 35.9 fb™' (13 TeV)
ATL AS —e— Observed
— a ) 4 mmeme-- Expected — bbVV
\s=13TeV, 27.5-36.11fb S Expected + 10 ot e s s
B O,gé\AF (pp s HH) — 335 fb Expected + 20 a Expected 88.8xSM B
B Obs. Exp. Exp.stat. _ bbbb
= 4 - Ob d 74.6xSM '
HH— bbt' 12.5 15 12 Ex:eeg\t/eed 36.9xSM
ot - _ gg—HH
HH— bbbb 12.9 21 18
i | bbtt
HH— bbyy 203 26 26 Evsocted 56 beSM —=— Observed
HH— W'WWW 160 120 77 oh B -~~~ Median expected
- - L I 68% expected
HH—> W'Wyy 230 170 160 Expectod 18.8xSM
i _ | 95% expected
e FEWAW 24 :
HH— bbW'W 305305 _________ (_) _____ i Combined
Observed 22.2xSM
Combined 6.9 10 8.8 Expected 12.8x SM
Loy vl 1l 11| T R L I | | | L 0 g | |
10 102 10° 10* 10° 6 7 8910 20 30 40 506070 100 200 300 400
95% CL upper limit on o__ (pp — HH) normalised to " 95% CL on o, /oM
ggF ggF H HH

m A sensitivity of ~10 x SM is set by each experiment with the 2016 dataset
O corresponds to Ka in the range of about [-6, 12]

m These results clearly show the importance of exploring and combining several final states
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wensonss High BR, low /B : HH—bbbb

CMS Preliminary Simulation

2017-2018 SM ggF-HH
Region 4b, All Categories

(00
o)
o

m Events selected with = 3 b jets
o largely rely on b tag performance, also at HLT

Events

m, [GeV]
0
S

m Sighal combinatorics solved by pairing jets
as “closest to diagonal”

o minimal bias of the bkg in the signal region

o0 natural definition of signal, control, and
validation regions based on signal properties

N
o)
o

200

150

m Advanced categorization of events

0 ggF - VBF discriminant to define production
mode categories

o0 high and low mun regions in ggF
o SM- and BSM-like categories in VBF

100

50

ol 0
0O 50 100 150 200 250 300 350
m,,, [GeV]
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Overwhelming multijet background Powerful discriminants and data driven estimate

m Background from 3b region

CMS Prelimi 36 fb™' (13 TeV CMS Prelimi 36 fb' (13 TeV : :
@ ol e 7 BN v S 0 3b—4b transfer function trained
£ 400 1> 00 ¢ 2016 Data = 400 FrThm ¢ 2016 Data _ , _ _
G>> - iﬂb I My - Bkg. model w/o reshaping g - g%b ; ] Bkg. model with BDT rewelghtlng method Iin
350 Asr region 350__A§gegon —
LLI 3 B Bkg. unc. L B Bkg. unc. CR

SM ggF-HH x 100

 VBF-HH (x,y=2) x 100 0 applied to data in the SR(3b) to
model SR(4b)

0 accurate method validation In
sighal-free VR

300"

— VBF-HH (K2V=2) x 100

250 250

200 200[-=¢ i

v

150 150

100 100} m Powerful multivariate
50 50 et — discriminant to separate

0 0 background from signal in ggF
o E . Tl 91k
= 2 000000”"“‘ “ < 1k
% 15;...°|‘.‘;..*..‘|..“.....|‘...Q....i‘.,:...:.. T P ol % o8 .
< % 0102 03 04 05 06 07 68 09 = 0% 67 6203 04 05 06 07 08 09 1 Leverage on ML techniques to
0 BDT Output ] BDT Output

boost the analysis performance
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CMS-PAS-HIG-20-005 H H — bbbb - resu |tS

CMS Preliminary 13 TeV 4000 CMS Preliminary 138 fb™ (13 TeV)
HH—bbbb =, - 95% CL upper limits | Al categories i
— B Ob d ]
ggF Low M 95% CL upper limits % L Mezie;\r:eexpected HH — bbbb 4
Obs: 23.4 —e— Observed ~ I 68% expected - u =1, u =17
Exp: 25.1 --o-- Median expected ;l\?- 3000__ 95% expected PENLC I L
B 68% expected \%_ | —— Theoretical prediction : 5 i
95% expected > ' ' .
ggF Highm > 2000
Obs: 4.0 g
Exp: 7.7 I
O
>2 1000
S
VBF categories
Obs: 43.2
Exp: 70.8
Combined Observed (expected) 95% CL UL
Obs: 3.7
Exp: 7.3 36 (73) X SM

-2.3<Krn<94 (-5<kn<12)

Best constraint to date on SM HH

0 20 40 60 80 100 120 140

_ SM
uw = OHH/OHH
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wscoenm Medium BR, medium S/B : HH—=bbrr &9

ATLAS

EXPERIMENT

m Several final states
O UTh, €Th, ThTh: 88% of the total
decays

m Incomplete reconstruction

0 use likelihood-based
algorithms to estimate mrr

m Several background
Processes

tt (irreducible): from MC

/+HF: MC + data-driven
normalization in ee/pu+jets CR

misidentified jet—th bkg. from
data

bb ThTh bb IJTh Challenging decay channel
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ATLAS-CONF2021030  HH — bbT’L‘ ! IOOI(Ing IOI the SlgﬂaI A@AS

EXPERIMENT

i 1075_"I"'I"'I"'I"' "'I"'I"'I"'I"'_E IC\) 1095" L L R L =
U he rich S = ATLAS Preliminary . gm y C S S F ATLAS Prellmlnary ° gm y Lo S
= Usetheric 5 46l 1§=13TeV, 139 1b" — at exp. fimit - - 5 10°E {s=13Tev, 139 10" — at exp. fimit - —
] . L2 10°E Top-quark = 12 = Top-quark =
kinematic event S = ThadThad Jet — 1__ fakes (MJ) > S 107 = TepThao SLT Jet - 1, fakes o
: : i 10° | Signal Region Z — vt + (bb,bc,cc) | 0 = Signal Region Z — wt +(bb,bc,cc)
information to B Jet - v, fakes () = 10° I Other -
: - Bl Other - = SM Higgs -
separate signal from 10'k ThTh Cat. SM Higgs - ok £Th cat. — Uncermnty =
. Fe Uncertainty = — et e Pre-fit background —
bkg Wlth a BDT/NN 103_ """"!.\.‘.\.:" N L LU Pre-fit background _; 104 -;_..“ r--...".. —§
. . = - F g 5
O Inputs: masses, . 107 o E
o7 i - .- =
momenta and angles 102 e E
between objects 10 : §= 10 e s
] — ’
m Fit the BDT/NN 1 T = E
- 1_5_I [ L L L L L " 1_5_ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Output EJ : I I I I I | 1 g I I I I I I I I
& e e @ @ g O @y \\\*Q \\\*\\\\*\\&Qi&{\ \§§§ i\ & 1—0 o © e © o o g  ® . e \(QQ$\\\\\\\+\\ -
. © N ©
®© =FETENT AVEVENIN VRTINS SUTRTIN YUV I . ® Aeboo b b b b b b b b L
= Results dO_mI_nated 8 057205206204 205 0 02 04 06 08 1 R B - B SV ER RO O VR
by the statistical BDT score NN score
uncertainty
o leading systematic: Observed (expected) 95% CL UL: 4.7 (3.9) x SM

bkg. modelling
No results yet on k) constraints and on separate ggF/VBF measurements
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resnes Low BR, high S/B: HH = bbyy &5

EXPERIMENT

Very rare but clean channel Analysis targets maximal efficiency and purity

CMS Preliminary 137 b (13 TeV)
TyFT —1 T 11 | L | L | L | L | L | L | L | L | T T4
- i _ - '
S 10°E 4 Data ggHE]VBFHE = Dedicated MVAs for background suppression
; 108 _;_t_ — ggF HH—yybb x 10° VH [ |ttH _; 0 CMS: feep NN against ttH + BDT against nonresonant
% 105i E v(y) + jet (uses object kinematics, ID, resolution)
|_|>J 2 > - > - 0 ATLAS: single bkg. discriminant
10* : : : E
L : : : 4+ m Event classification based on the MVA purity and
10°F : . E the HH invariant mass
10° e ; : : = 1 CMS: 3 MVA categories X 4 mun categories
f I » ! _
10 L : ' ’9’154»1,4.*# - 0 ATLAS: 2 MVA categories X 2 myn categories
N : E T Tfﬁﬂ 4 o additional VBF-specific categories and results by CMS
10-" ’ /A,%mll | B Mpp resolution improved with multivariate
04 05 06 0.7 0.8 0.9 1 regression
ggF MVA
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ATLAS-CONF-2021-016

JHEP 03 (2021) 257

EXPERIMENT

- - S CMS Preliminary 137 b (13 TeV)
q) — ATLA P I- . — N : L | | _I 1 | L | L L | L | L | L :
g 10 Ys=13 ?evr??:mtl)qary ; |[4)i|ta(lSM) 7 = | HH—yybb All Categories -
A - ;Hibgsyg . S:ingle Higgs - (E 25 :_ m, = 125.0 GeV i/(Sgi)aweighted _: ] Slgnal Searched as
P 81— A Wty — — . . :
€ BoTTo /7bb 1 % oF — HH+H+Bft - an excess in them,,
2 i = yy+other jets 7 % . — g + B compotnent_
| DataDriven yj | T =s==ea componen |
6— DataDriven j - Lﬁ 15 I 10 ] SpeCtrum
| 12 |l =20 : o CMS: 2D fit over m,,
IO | ) § - |- and Mpp
o | | 4| | 1 & °F i 0 simultaneous fit
B - _._ — ? — 7.7 - : Ci)/ 0 :I A | | 1l 1 il 1 '!:d'hf Over a” analySiS
= = .
0" 10 120 130 140 150 160 10 = | | ! | | = categories
m,, [GeV. - ¢ ¢
” . = Results fully
Bkg. dominated by irreducible yy+bb in dominated by the
100 110 120 130 140 150 160 170 180
m,., (GeV)

Important contribution from single H
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ATLAS-CONF-2021-016

JHEP 03 (2021) 257

3
L
1L
e
m
Combined .
constraint from
ggF and VBF
categories (in
CMS)

Sensitivity to K
driven by ggF
production

CMS Preliminary

~ 95% CL upper limits

Observed

------ Median expected

I 68% expected
95% expected

—— Theoretical prediction -

HH—yybb

K, =M/ A

-3.3 <Ky < 8.5
2.5 <Ky <82

HHH " “SM

Observed:
Expected:

Obs. (exp.) 7.7 (5.2) X osm (HH)

= 10— E
Hi - ATLAS Preliminary —— Observed |.Im-lt (95% CL) :
T _ \/§ — 13 TeV, 139 fb_1 ---- Expected I!m!t (95% CL) 1
L HH%bE)W [ Expected limit +1c

E 1045‘ [ 1 Expected limit £2c

> i E== Theory prediction

= i

oy i 7,% SM prediction

S, 3l

103§

—————————————————
,’

————————————————————

——
-
~~~
~
\~-,

= Observed: K € [-1.5,6.7]
- Expected: x; € [-2.4,7.7]

101 lllllllllllllllllllllllllllllllllllllll
10 -8 6 4 -2 0 2 4 6 8 10
Ky
Observed: -1.5<ky<6.7
Expected: -24<kya< 7.7

Obs. (exp.) 4.1 (5.5) X osm (HH)
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HH — bbWWw 6

EXPERIMENT

m Fully leptonic WW—-7£v/v final state

+~— | | |

o \"}TL'%ST U 139 o1 m— T = Irreducible ttbar background suppressed with ML methods
C S = ev, B . _ L C e g

> Selection: o et Hr 1 kinematic inputs: mass, pr, angles, multiplicities, energy sums

SR, SF+DF and no d,, cut HH (x20)

m Counting experiment at high NN score

_|IIII|IIII|IIII|IIII 1T 17 1T 1T 1T 1
- ATLAS ' SM (ry = 1)
- /s =13 TeV, 139 fb~! |

101

fo)
2
T
I
T
(@)! (@)
% 05% CL
ol .l
1 | | | | | | | | | s 1 - upper Imit
107 E =
g 1.9 | | | | | | | | ‘I — 40 (29)XSM
~ 1.25 : D
a ' S 10— Opserved E
— 1.0 \ ‘\\\\N\D\Q\\\{ 5 > F - SerVed _
T 0.75 o 3 [t
CDU 05 | | | | | | | | | ‘ﬁ iza
. \ o
-11 -9 -/ -5 -3 -1 1 3 S / 9 11 I?D o | #®== Theory prediction ]
d m 10- __l L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | : L1 1 | L1 1 1 | L1 1 1 | L1 1 1 |—_
HH -20 -15 -10 -5 0 5 10 15 20
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CMS-PAS-HIG-20-004 H H — beZ (4f )

137 fb~1 (13 TeV)

m First study of this final state at the LHC
105: ! 'tion'

m Very rare BR (0.0145%) but very small backgrounds + clean § Ig:rzllliiinary Cbeerved 95% Gl Limi
. ] 5 | Expected 95% CL Limit
sighature from the 4¢ peak '

Expected %1 s.d.
Expected %2 s.d.

m Signal extracted with a BDT
O uses pT, angles, inv. masses, b tag scores

95% CL on aggr(pp—HH) [fb]

137 b (13 TeV)
137 b (13 TeV) - 10°
%’ 60_— Bl oo — 2Z — 4l o 5E CMS -ggééé—i“
S ®F cms -2z - 5107 B M Higgs
g F B S Higgs ® ., 4b Preliminary I SM Higgs
s 5ol Preliminary Bl itV where V=ZW = 10 Bl ttV whereV=2 W
oo I VVV where V=Z,W c - mmVVV where V=2 W
: - Hio o
40— R s —o-Data
- , [T iR heanano 10 -~ HH—bba signal
30|~ e = Signal region defined 10
" ' by the mass peak 1
- 107"
10:—+ 1072
: 103

900 110 120 130 140 150 160 170 180 1 O_4
m, (GeV) 1 -08 -06 -04 -02 0 02 04 06 08 1

N

PO score 95% CL upper limit: 30 (37) X SM
Qo S o
T é A s I ..............
CeE T b X v A Observed: -9 < kx < 14
9 ....................................... T80 -'(-U' I [ | [ 1 |
A 02 04 06 08 1
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CMS —e— (Observed ---- Median expected

Preliminary B 68% expected

13 Tev ==== 95% expected
Run 11 2016, 35.9 fb
Expected 12.8 Phys. Rev. Lett. 122 (2019) 121803
Observed 22.2
bbzZZ, 138 fb™
Expected 39.8 CMS-PAS-HIG-20-004
Observed 32.5
bbbb, 138 fb™
Expected 7.84 CMS-PAS-HIG-20-005
Observed 3.88
bbyy, 138 fb
Expected 5.55 JHEP 03 (2021) 257
Observed 8.40 | I I

1 2 3456 10 50 100 500

m [ndividual channels achieve 5-7 X SM : sensitivity

95% CL limit on o(pp — HH (incl.)) / O

improved much faster than luminosity!

O more data = more sophisticated analysis methods

Luca Cadamuro (UF)

Non-resonant HH at the LHC

Combined
27.5—36.1 fb~1

ATLAS Preliminary
VS =13 TeV, 27.5—139 fb~!

bbl*vi~v
139 fb~?

bbyy
139 fb~?

bbt*t~

139 b1

Excellent prospects for the Run 2 combination

| | I 1 | |
—— Observed

Expected
Expected + 2 0
I Expected £ 10

Obs.  Exp.

6.9 10

Normalised to ogygr -
Phys. Lett. B 800 (2020) 135103

40 29

Normalised to oggr -
Phys. Lett. B 801 (2020) 135145

4.1 5.5

Normalised to Oggr + vBF —
ATLAS-CONF-2021-016

4.7 3.9

Normalised to OggF + VBF -

ATLAS-CONF-2021-030
I |

5 10

20 50 100 200

95% CL upper limit on o (pp = HH) normalised to ogy

August 29th, 2021



Probing the VWHH vertex

Highly sensitive to anomalous Koy !
0 O(1) kev variation = O(10) xs increase
0 large fraction of anomalous Kov signal at high muH 138 fb!. 13 TeV

— dedicated search with boosted topologies in bbbb £ E CMS o
: : ~10° & i . .
= VBF HH(bbbb) : 2 AK8 (large radius) jets + 2 AK4 2 E /:fi/I:?Inary -ECD multijet
— Hi urit
- select pr(H) > 400/500 GeV S0z T 7% Bkg uncertainty

—— Signal (x,,=0)

0 dedicated ParticleNet discriminant Do to identify the bb 4
candidates

0 3 purity categories based on Dop

O Mmpb reconstructed with DNN regression and used to
define SR

> 800
GeV
Exploit HH—bbbb at high mux with dedicated Excellent separation at high mu T F5EY]

boosted analysis methods leading to good S/B ratio
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amssoaso \IBF HH at high m

138 b (13 TeV) 138 fb' (13 TeV)
N L L L L L L B B 22 AN AN AN A A R R A
H’:: : CMS | : _Cr):served N - Me;dian expected 3 E CMS DAL Man Omb .............. - :
%104 " Preliminary eory prediction 68% expected - 1.5 Preliminary .- B -z
s 4 e 95% ted = NS _
1 = Ky =K, =1 expecte E 1: _______________ |l 5 . \ ] [ ] Other fU”
T 0.5 > 4 AR results set in
o X N ]
o i /8 N
! 10k of- N bbyy (CMS)
o A i
g | © and bbbb
i S TN T
2 N\ - - - (CMS, VBF-
e - 1 "-_--..95_0/0. L limi W R0 » N\ \ N
- NN C ;;; I\!ﬁrggl?an_gxpecte:j\' n. i Only ATLAS
2  Em e ; .
% £ -1.5- NN Obs?ervgd """"""""""""""" R g anaIySIS)
1 - \ Excluded region TS _
O ¢ Standard model R .
o | | | | | | | | | | | | | | | | | | | | | | | | _I | | | | | | | | | | | | | | | l 1 l | l l l l | | | | | | | | | | | B
% -1 -0.5 0 0.5 1 1.5 2 2.5 3 s -0.5 0 0.5 1 1.5 2 2.5 3
Koy Koy

Observed: 0.6 < Koy < 1.4 Interplay between kav and Ky

Combination with single H measurements can
solve this & we can claim that the VVHH
Interaction exists!

Best sensitivity to SM production from
resolved CMS analysis : 226 (412) x SM
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JHEP 03 (2021) 257 A brOader BSM plCture

CMS Preliminary

95% CL upper limits
® Observed
O Median expected
I 68% expected
95% expected

Shape benchmark 2

O 4oF HH BR(HH—yybb) (fb)
S

m 5D parameter space,
contact interactions, large
kKinematic modifications

0 probed with representative
signal shape benchmarks

A

m EFT effects become more
My, [GeV. Important as the
experimental sensitivity
approaches the SM

10~

8 9 10 11 12
Shape benchmark

HH as a probe of high energy BSM effects Full EFT fit as the next step
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masconezocos 4+ HH: combined K constraints

EXPERIMENT

> t
| HH + ggF H + VBF H +
I‘ . <~ B VH + ttH (excl ttH(yy) ) 2CMS Prellm/nary 137 fb™' (13 TeV)
| - - ATLAS Preliminary - “ - Observed
| — - 1.5
- t N - 13 TeV, 27.5-79.8 fb” - -
6:— — Ky Ko, Ky K, K, Profiled —: 1:—
m Sensitivity to ki from loop effects A  «only model : :
[ A —] 0.5
0 total xs and BR depend on K g HH(bbyy) + ttH(yy)
0 information from differential xs 4__950/ oL = y:
0 note: NLO (H) vs LO (HH) kyeffects 3 1 % L
20% tin sensitivity 2 | S e,
~ — —] - — t. %
. O Improveme.n In SehSItIVIty E E . EH gt%: 95:/°BCIftft
to Avhn when adding all single H E— | o iHREE
measurements E E P HH+ttH cat 95°/o C L -
OI_-IIOI I I I_I5I I I I OI I I I 5 I I1IOI I I __220 _15 _10 _5 O 5 I1O 15 20

m Combination with single H
reduces degeneracies with Kt
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bl Which prospects for HH?

ATLAS and CMS HL-LHC prospects

12
2‘5%% —— 2-3 x SM sensitivity by each experiment = | i | SMHH significance: 40
< 10 ] 0.1 <k1<2.3[95% CL
o o 0.5 < Kz < 1.5 [68% CL
Run 3 O(1) x SM sensitivity with ATLAS + CMS
300 fb- Close to a evidence for HH production? 99.4% CL °
6
95% CL 4
Observation of HH production
HL-LHC 50% or better constraint of ka - 2
3000 fb-1 NOTE: Run 2 results quickly improving 08% CL
(better techniques, more sophisticated analyses) 0
Projections are likely conservative B
3ab1(14TeV) -~~~ bbyy ---- bbbb K2
— Combination -~~~ pher bbzZ*(4l) -~~~ bbVV(iviv)
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Conclusions

m ATLAS and CMS are conducting a broad program of exploration of HH physics
o SM HH search and self-coupling determination
0 BSM effects in nonresonant production: VVHH vertex, anomalous couplings

m Full Run 2 results are now becoming public
0 largely improve over the previous 2016 results beyond lumi scaling
o0 the large dataset enables the exploration of rare channels (e.g. bbZZ(41) )
m We are approaching a combined sensitivity of about 2-3 x gSM
o high-energy BSM effects become relevant =— motivates the study of a global EFT approach
0 beneficial for the combined interpretation of single and double H measurements
m HH as a topic for HL-LHC only? Not really!

0 a lot of interesting results in the Run 2 dataset
0 more channels and more production modes to explore in the Run 3 dataset
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Additional material



ggF HH production mode

(13 TeV)
—k, =1, SM

— k, =0, only box diagram

— k, =2.45 , maximal interference

Ky, =5, soft spectrum = Strong dependence of the muH
— k, =20, mainly triangle diagram distribution on Ky

m Challenge for analyses: need
optimal performance over a
broad range of kinematics
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HH production: vector boson fusion

N3LO QCD
PRD 98, 114016 (2018)

m \ery rare production mode
0 moderate sensitivity to A

= Unique sensitivity to the
VVHH interaction

O Kov # Ky IN e.g. composite
Higgs models

0 longitudinal scattering
opens when Koy # Ky —
growth of xs at high mnH
values

I ] ] ] i ]

I ] ]
1200 1400

I ] ] ]
1000

L [ N
800

__I:11|11 |
£bO 400 600
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EFT effects in HH

m 5 interactions involved in ggF

Cross section (LO) Signal shapes (LO) -

o =EN 0.005F — =EN 0 3 specific to HH : A, caog, Co
[ c;=2-30.2 % 5M il [ c;=2-30.2 % 5M 0 2 constrained also in single H: cgq, Vt
Sonuni| et O =P

o L1L m 3 interactions involved in VBF

i 0.003} 0 2 specific to HH: A, cov

© © 0 1 constrained also in single H: cv

Lol 0.002} .

i m Correlations between these parameters
5| 0.001f F depend on the way EFT is realised
0 300 4(I)O 5(I)O 600 700 800 900 1000 0.000 -3(I)O 4(I)0 5(I)O 6(I)0 7(50 8(I)O 900 1OIOO

Muy [GeV] Muy [GeV]

A more generic result needs to account
for the effect of other contributions

Cross sections of O(1) c2/cog are within

experimental reach
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Loop effects in single H

Single H measurements provide sensitivity to A from loop effects

m total cross section and BR changes
o0 fully used by the experimental results

m differential information

o0 limited usage by experiments so far (theory prediction not available in
ggF, no ttH differential info from 2016 analyses)

Challenges in the H + HH combination

m experimental : treating overlaps between H and HH analyses
o0 often similar final states, esp. with ttH and H(bb)H(XX) analyses

m theory : defining the framework to perform the combinatior

0 K-framework used so far, combines LO and NLO effects in double and
single Higgs

0 perfect case for a EFT interpretation
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Observed: -5.0<ky< 12 Observed: -11.8 <k) < 18.8
Expected: -5.8<ka< 12 Expected: -/ 1 <Ky < 13.6

Combined constraints based on the
2016 dataset only (36 fb-1)

Large room for improvement with 140 fb-1
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CMS-PAS-HIG-19-018 S' ng |e COU pl I ng EFT SCan

CMS Preliminary 137 b (13 TeV)

95% CL upper limits

Observed
Median expected

I 68% expected
95% expected
—— Theoretical prediction

m Upper limit plot as function of c» |
from the bbyy analysis

m Assumes that only c2 is varied and
other couplings are fixed to the SM
value

m Under this assumption, observe
-0.6 <c2< 1.1 (exp. -0.4 < c2<0.9)

0 correlation with other couplings are
expected to reduce the sensitivity

O yqF HH BR(HH—yybb) (fb)
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m bbbb analysis
extended with

the two VBF jets 3 SRR RN RN R = e =
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® Ongoing study in the LHC HH on the cross section vs cv/ -0.8 < C2v < 2.9 (-0.9 < C2v < 3.1)
. . . . 0
cov in the fiducial analysis phase space allowed @ 95% CL
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