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Introduction Phys. Lett. B 800 (2020) 135103

Phys.Rev.Lett. 122 (2019) 12, 121803

o Given the Higgs scalar potential:
1 1
V(H) = 5m,in + AvH? + ZMH“ + O(H®)

@ within the SM the potential depends only on two parameters v and my, fixing my
and v we have:

my,

SM
As = e =27 = T8

and Ai=0, fori>5
@ new physics could modify the Higgs potential altering the A3 without affecting my or
v: e.g. by extending the scalar sector or due to the exchange of new virtual states.
@ A3 and its variation from SM k) = A3/A3" can be directly probed by Higgs boson
pair production
o constraints from ATLAS HH at 36 fb~%: —5.0 < A3/23M < 12.0 at 95% C.L.
(Exp. —5.8 < A\3/2\3M < 12.0)
o constraints from CMS HH at 36 fb~1: —11.8 < )5 /\gm < 18.8 at 95% C.L.
(Exp. =7.1 < A3/A3" < 13.6)

— There are also processes that are indirectly sensitive to Asz: single-Higgs production
mode
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https://www.sciencedirect.com/science/article/pii/S0370269319308251?via=ihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.121803

Higgs Self-Coupling constraint from single Higgs analyses
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JHEP 1612, 080 (2016)

Higgs Self-Coupling in single Higgs processes S [P L o (Gl e

o Single Higgs processes do not depend on trilinear-coupling Az at LO
o Two types of NLO EW corrections that depend on A3
o one universal O(A3) due to Higgs loops
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https://arxiv.org/abs/1607.04251
https://arxiv.org/abs/1709.08649

_ : : : JHEP 1612, 080 (
Cross-section and branching ratio S [P L o (Gl e

o Following A3 corrections each production mode cross-section and decay branching
ratio varies as a function of ky = A3/A\3".
BSM i
g 38\ R\ — 1HC
pi(ka, ki) = SVl Zi™M (k) |:H,2 + ﬁ] )
BRPSM K7+ (ka —1)C]
pie (ki ke) = BI{SM = o (; iz
f Zj BR; |:ij + (kx — 1)C{]

where k; and kf are additional coupling modifiers such as xr (Higgs to fermions
coupling modifier), kv (Higgs to W /Z coupling modifier)
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https://arxiv.org/abs/1607.04251
https://arxiv.org/abs/1709.08649

Differential distributions and A3 corrections

Eur. Phys. J. C77 (2017) 887

@ Not only global normalization but also differential distribution are modified, since A3
corrections have not trivial dependency on the kinematic of each process

@ VH and ttH production modes are the most affected ones

o No differential effects are expected from BR correction
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Figure: for A3 at the SM value
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https://arxiv.org/abs/1709.08649

Input analyses

o Interpretation of single Higgs boson

i (x

o CMS considered inclusive
o production cross-section: figgr(ra), LvBF(Kx ), hwr(KA), wzH(KX), teer(FA)

o decay rates: 177 (rx), n#Z(kn), BV (k2), 1T (K1)

3) = i(a) x 1 ()

CMS-PAS-HIG-19-005
ATL-PHYS-PUB-2019-009

analyses using signal strength depending on «x:

@ ATLAS in addition used full STXS fiducial cross-sections for VH and VEBF production
modes in order to include differential information

o Input analyses:

S. Manzoni (Nikhef)

Analysis L [fo~1]
ATLAS CMS
H — ~~ 7.4
ttH — vy 79.8 7.4
H— ZZ*— 4¢ 79.8 137
H— WW*— evuv 36.1 35.9
H— 711 36.1 77.4
VH, H — 7 — 35.9
VH, H — bb 79.8 77.4
ttH, H — bb 36.1 77.4
ggF, H — bb (boosted) — 35.9
ttH multilepton 36.1 77.4
H— pp — 35.9
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https://cds.cern.ch/record/2706103
http://cdsweb.cern.ch/record/2667570/files/ATL-PHYS-PUB-2019-009.pdf

Results

CMS-PAS-HIG-19-005
009

ATL-PHYS-PUB-201

o Results obtained fitting kx-only, all other couplings are set to their SM values.
o Strong assumption: BSM only affects x,

e S
E  ATLAS Preliminary

35.9-137 fb™ (13 TeV)
T T T

< I« e
£ 9 E 14 CMS 1
o 3 Preliminary —— Observed
i 120 SM Expected
—— Stat. + Exp. Sys. + Theory Sig. ] 10+ |
— Total = Stat. + Exp. Sys. + Theory Sig. and Bkg.
st sk ]
“ oo E
sE E
£ 1 af o]
2F E
‘E 1o 2 9
v 15 ET) 10 15 20
KA K
kaT37 Ky [95% C.L]
Observed  4.0743 —3.2,11.9
ATLAS €€ a1 | ]
Expected  1.0755 [-6.2,14.4]
cMS Observed 6.7t‘é‘_% [-3.5,14.5]
Expected 1.07%3  [-5.1,13.7]

o complementary to the limit from HH 36.1 fb~! combination:
o ATLAS: —5.0 < k) < 12.1 CMS: —11.8 < k) < 18.8
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https://cds.cern.ch/record/2706103
http://cdsweb.cern.ch/record/2667570/files/ATL-PHYS-PUB-2019-009.pdf

Results for k) — kp CMS-PAS-HIG-19-005

ATL-PHYS-PUB-2019-009

o Fit using kK and kr parameter and setting Ky = 1

1 S e 359137 W1 13 TeV)
& 15 AN AL W 13p T T T T T T 16
£ reliminary X E cMs Preliminary + Best fit 2
14 (5-13Tev,36.1-79.81b" 3 C —68% CL 14
' my= 12509 GeV, x,= 1 12pKv=1 g05% CL
13- 9 r + SM
E E 12
12F RS B 11
L 10
11 B £
H Y Ly 8
1 : - £
£ ! r 6
0.9F * sm . osp
E o+ BestFit .. o L 4
0.8[- —68%CL Treeeoee ° | r
F ---95% 0L 08F 2
0.7 i b b b b b L
-20 -15 -10 -5 0 5 10 15 20 0.7C L L | | | 1 0
x ~10 -5 10 15 20
A K}‘

}c)\fllz kx [95% C.L.]
Obs. 41743 [ 32,119
Exp. 10755  [-6.3,14.4]
Obs. 6.61%3  [-3.3.14.4]
Exp. 1.0752 [-5.5,13.8]

ATLAS

CMS

@ the sensitivity to x is not much degraded when determining xr
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Results for k) — CMS-PAS-HIG-19-005

ATL-PHYS-PUB-2019-009

o Fit using k) and kv parameter and setting kp = 1

T 35.9-137 b (13 TeV)
14 T T

AR AARASRARANLARAN 16
E " > [ T T T T
1 ATHAS Prelminaty 1 X [ cusPreliminary + Best fit 2
AL (5=13TeV, 361 - 79.8 1 - —68% CL
E my,=12509 GeV, ;=1 13pKe=l - 95% CH
1.3 b L + SM
120 E F
1.1 £
T F
0.9F * sum B E
[ BestFit L
0»8; — 68% CL — C
F ---ssucL E
0.75 I I L L L L L L
~20 -15 -10 -5 0 5 10 15 20 0.8C L | | 1 1 1

K
kATl Ry [95% C.LJ
aTLAs  OPs: 48774 [-6.7,18.4]
Exp.  1.07%% [—9.4,18.9]
oMS Obs. 10375}, [ 55217

Exp.  1.07%% [-7.4,17.2]

o the sensitivity to x, is degraded by 50% when determining xy
o Fitting ka-Kkv-KF or fitting Ka-kH = kv = KF results in nearly no sensitivity to k)
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Higgs Self-Coupling constraint
from the combination of single and double Higgs analyses
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DiHiggs constraint on k)

Phys. Lett. B 800 (2020) 135103

o Double Higgs production directly sensitive to Higgs boson self-coupling

t

9 (0000 ——— ----- H
t t
9 Q000 """~ H ¢
= L0mi g ey
U SAaA A RASARRARAS MRS AR SRR RaRRs RaA AR R e g E ! 3 |- - - Exp. 95% CL limits
& [ ATLAS Simulation ] = E i 1
? F (s=13TeV . by, 2 btags = bBT,Tyg SLT | 3? r 4 |~ obs. 95% CL limits
g - bByy, 1btag o= BBty g [ ' 1
2 bbb g ' bbbb
i
+ 10E ER 3 [—oher
o F 1 £ ]
e r ] E 4 |~ bbyy
—3 [ ] [ Allowed k; interval 1
g r ] 10-iL aesv% L J Comb
Q F - E E|
< E Obs. Exp. E .Comb +10 (exp.)
i B r (Exp. stat.) ATLAS ]
E B [ 50-120 0-58-120 | \s=13TeV 1 Comb. £20 (exp.)
£ y ] r 5.3 -1L5) | 1
= ! ! ! T s | LA ol | ‘( | )‘ o 27"5 ’36"1 fo ) " Theory prediction
T TR T NS R ST/ BT 102hdn b L L

Ky

o Observed 95% C.L.: —5.0 < k) < 12.0
o Expected 95% C.L.. —5.8 < k) < 12.0
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https://www.sciencedirect.com/science/article/pii/S0370269319308251?via=ihub

Input analyses

ATLAS-CONF-201

@ ATLAS has constrained k) combining the information coming from the single Higgs
measurements and the double Higgs analyses

5 10 g T

S F Oy Oy El
Analysis L [fb—1] © | —0ur “Op 1
H — Yy 79.8 102? Owh  ~Ouy E
H—s ZZ*— 44 79.8 e
H— WW*— evuv 36.1 10 -
H— 77 36.1 3 ]
VH, H — bb 79.8 L 4
ttH, H — bb 36.1 .
ttH multilepton 36.1 1
HH — bbbb 36.1 107 3
HH — bby~y 36.1 \ ]
HH = bbr 36.1 R T TR RN

Kx
o Single-Higgs contributions in di-Higgs analysis parameterised as a function of .

@ ttH — ~~ contribution excluded because of a large overlap with HH — bbyn
analysis (up to 50% of the events)

@ The remaining categories have a maximum overlap of less than 2%
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http://cdsweb.cern.ch/record/2693958/files/ATLAS-CONF-2019-049.pdf

Contribution to the combination

ATLAS-CONF-201

@ The global likelihood shape depends on combining the contributions from the different

production and decay modes

foe]

ATLAS Preliminary — —— ppH, ggF

-2In A

(s=13TeV,275-79.8 b
Expected (x, = 1) Pp—H, VBF
pp—H, VH
= pp—H, ttH

— pp—HH, ggF

w b o N

68% CL

920 -15-10 -5 0 5 10 15 20

K

-2In A

Q
BT T

[ ATLAS Preliminary —— H-22"
TE Vs=13Tev,27.5-79.8 fb* ::Z% 3
E Expected (x, = 1) H— ww* B
6; j— :H_L‘v“bﬁbﬁ E
E — — HH - bbe's ]
£ — — HH - bbyy i
5; L [’ /’E
% v [
3
2
PN NN
96157165 0 5 10 15 20
K

@ The expected (on Asimov) dominant contributions to the combination arises from the
combined HH channels, from ggF single Higgs production mode, and ttH for the

negative values of k) .

@ The double Higgs analyses set the strongest constraint on k.
o H— ~v and H— ZZ*— 4/ are almost comparable with di-higgs analyses (also

because of larger integrated luminosity)
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http://cdsweb.cern.ch/record/2693958/files/ATLAS-CONF-2019-049.pdf

Results ATLAS-CONF-201

@ Results obtained fitting x-only, all other couplings are set to their SM values.

Q Q

< STy < ST g
c 7; ATLAS Preliminary —doullﬂeHHIQQS— - 7; ATLAS Preliminary —-dpu'lbleHHiQQS;
. 7F {s=13Tev,27.5-79.8fp* — SiNge HIgys - . [ (s=13Tev,27.5-79.8f" —= single Higgs —
N F kp=ko=k=k=k =1 A E NP Expected (, = 1) — = HHH ]
6F g BF Kw=re=k=K =Ky =1 3
5 E 5 E
ae_ N E_ =
F95% CL ] F95% CL ]
3 E E e
2k E 2k E
S S S f
£68% CL ] £68% CL ]
G’uu\uu\uu\uu\u il beed NS RN NEEEE D, du\\uu\uu
-20 -15 -10 -5 0 5 10 15 20 920 -15-10 -5 0 5 10 15
Ky Ky

Ky = 4.673% = 4.673% (stat.) 713 (exp.) 195 (sig. th.) T3% (bke. th.)

@ 95% C.L.: =23 < x, < 10.3 (observed), =5.1 < kx < 11.2 (expected)

@ The combination significantly improves the constraining power on k.
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http://cdsweb.cern.ch/record/2693958/files/ATLAS-CONF-2019-049.pdf

Results Generic model

ATLAS-CONF-2019-049

o Fit simultaneously several coupling modifiers: r., rw, 1z, ko, kb, ke
o Test of BSM models that can modify at the same time x, and other Higgs boson

couplings.
< T < ST
< [ ATLAS Preliminary 1 < [ ATLAS Preliminary 1
= F = = 5= 1 =
N E s=13Tev, 275- 798" ] D e ]
[ — Ky Ky Ky Ky K, profiled ] G Expected (K, =1) k. K, K, K, K, profiled |
57 — ;-only model E 57 — = k;-only model E
E El E \ I
4 \\ E a1\ ,l{,{;j
£ 95% CL E Foso cL\ | B
e B e ‘i "
E El E \\ 73
L 1 L \\ 1
o E oF E
E El E \ El
pE k| s \} k|
teswcL I Teswcl W, T
£ 1 £ N 1
o A A A GT\HH\H‘\.LJ‘——K/‘{“H*
-10 ! 5 -10 -5 0 5 1
Kx Kx
+1lo +1lo +1o +1lo 1o +1o 0
KW _1o RZ 10 Kt_1s Kb_1s Klep_10 KX_1o0 A2 [95/0 CL]
46732 | [-2.3,10.3]
1 1 1 1 1 173
10753 | [-5.1,11.2]
+0.08 +0.09 +0.12 +0.20 +0.16 +3.5
1.0379% [ 110799 | 1.0079%2 | 1.03%929 [ 1067318 [ 55735 | | 27 115
+0.08 +0.08 +0.12 +0.21 +0.16 +7.6
1.00t9% | 1.0079% | 1.007912 | 1.00192L | 1.00t918 | 1.07%6 | | 62 110

@ Substantial constraints on K even in this more generic model.
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http://cdsweb.cern.ch/record/2693958/files/ATLAS-CONF-2019-049.pdf

Conclusions

@ Single-Higgs measurements can be used to constraint k)

o First constraint on k) from indirect measurement has been provided by the ATLAS
and CMS
e 95% C.L.: —3.2 < x, < 11.9 (ATLAS) and —3.5 < n, < 14.5 (CMS)
o best-fit: k) = 4.07%3 (ATLAS) and k) = 6.775% (CMS)
— comparable with HH results at L = 36 fb™': —5.0 < x) < 12.0 (ATLAS) and

—11.8 < kx < 18.8 (CMS)
o ATLAS collaboration has provided a more stringent constraint combining single and
double-higgs measurements:
0 95% C.L.. 23 < gg < 10.3
- R
o best-fit: k) =4.673%
@ Combining the direct and indirect measurement allows to test generic model where
several parameters are floated together with
o fitting Kk, Kw, Kz, Ke, Kp, kit 95% C.L.: —=3.7 < k) < 11.5
o substantial constraints on k) even in this more generic model.

S. Manzoni (Nikhef) Higgs self coupling 28th May 2020 17 /18



Thank you for your attention!

| am available for additional discussion, Zoom meeting following this session:
o ID: 923 4908 0316 https://cern.zoom.us/j/92349080316

o Password: same as for this session
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arXiv:1910.00012
ATLAS-CONF-201

Results k- #+

@ The HH cross section depends both on k: and k)— cannot constrain both
parameters simultaneously

¢ LAp e e

[ ATLAS Preliminary | H 4

s [ fs=13Tev,275-798m" | R

257 P = HHG 130 g zrkar o1 3

[ M [ *SM - ]

r -1 [ +BestFitH 5 ]

2 —69 1.2]— +BestFitH+HH } = 3

L © [ —68%CL H ]

L HH white-paper [ --95%CL ]

1.5~ 1.1} —

iy ——— —]

L SM C ]

05 0.9 -

C 1 | L L L L L ogh A g
20 415 -0 5 0 5 10 15 20 B R TR T R

=
>

o the combination with the single-Higgs measurements allows, even for k values
deviating from the SM prediction, the determination of x: to a sufficient precision,
restoring the HH sensitivity to xx

@ the constraining power on k) of the combined single and double-Higgs analyses is
only slightly worse than in the k)-only model
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Higgs boson self-coupling at HL-LHC

14 i
: ; ;
dotted: 6, only / solid: global fit 14 dotted: &), only / solid: global fit
12 width: S1 and S2 scenarios width: $1 and Sz.scenant\os )
HL-LHC single Higgs, inclusive 12 — HL-LHCsingle Higgs, differential
10 HL-LHC single Higgs, differential ——— HL-LHC double Higgs, differential
10 ~— HL-LHC combination
8
8
5 ¥
6 6
4 4
2 2
0 0
-15 -10 -5 0 5 10 15 -4 -2 0 2 4 6 8
8Ky (9

o The improvement of the indirect k) constraint at HL-LH is limited by systematic
uncertainties

o Larger gain in sensitivity for HH analyses that are currently limited by statistic
uncertainties

@ k) measurement from single-Higgs is still very important to resolve the second
minimum in HH likelihood shape
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https://arxiv.org/abs/1902.00134

ttH + tH, H — ~~ differential cross-section

CMS-PAS-FTR-18-020

o Constraint on ky from ttH + tH, H — ~ differential cross section measurements at
the HL-LHC with the CMS Phase-2 detector

@ 95% C.L.: —4.1 < k) <14.1

CMS Phase-2 Simulation Preliminary 3ab™ (14 Tev) CMS Phase-2 Simulation Preliminary 3ab’ (14 TeV)
s B LA L o B e S B AR
2 —4— Stat + exp. syst. + ggH+VH theo. uncert. £ £ i —— W/ YRI8syst. uncert. 3 7
3100 | Hadronic categories only a [ ]
= | Leptonic categories only L T N Stat. uncert. only =
o (. Expecation , = 10 r B
B SR £ e L S Expectation k, = -5 £ Hadronic categories only |
= 4t theo. uncert E e
7 [ 95% CL Leptonic categories only
z [ ]
x 3 K =1 -
x C 2
z 6!>350 Gevy150 Gev £ 7
3 OF [ |
s il r 1
F ivi<as i E i
b Hoyvip! >20Gev <25 [eavcr B
>=2eis: p, > 25 GeV. I < 4, atleast one b jet E ]
10 L , Cov vl w0y IR BRI |
0 45 8 120 200 350 ; Q =5 0 5 10 is 2
P (Gev) K
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Inclusive vs STXS fit Phys. Rev. D 101 (2020) 012002

ATL-PHYS-PUB-2019-009
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Constraining x) through a global fit (1)

o It is possible to use normalization modifiers

//,f(h'/\) = pi(ka) X /1f(h',\)

o pi(kr): <
BSM i
) N_©O _ -BSM 2 (K/)\_]-)CI
pilkx, ki) = —gyr = Zu - (Ka) | K7 +7Kéw
where k; = kr, kv and Z55M (k) is defined as:
1

BSM _ . _ -3
Z77 (ka) = 1= (2 -1z, with  §Zy 1.536 x 107~

o where term of the type k?ry are neglected and terms like k?x32 are accounted by the
ZBSM§2 term.

o pr(ka):
BRPSM K2+ (ra —1)Cf

SM T ;
BRPY v BR$M [;-ej? ¥ (kx — 1)c{}

pr(ka, kr) =
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Constraining k) through a global fit (2)

ATL-PHYS-PUB-20

o Considering inclusively the Higgs boson production modes and decay channels:

production mode | ggF VBF ZH WH  ttH
C{ x 100 0.66 0.63 1.19 1.03 3.52
Kiw 1.049 0.932 0.947 093 1.014
k2 A A A
decay mode H— ~vy H— WW* H-—=2ZZ* H-—bb H-=r1
C! x 100 0.49 0.73 0.82 0 0
n? 1‘59/&5 + 0.07nf_— — 0.67kyKF n-f/ nf/ n,z: mf_—
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Double Higgs cross-section

@ The SM oger(pp — HH) accounts for more than 90% of the Higgs boson pair
production cross-section

@ It proceeds via two amplitudes: the first (A1) represented by the top-box diagrams
and the second (A2) represented by the top-triangle diagram.
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e A proportional to y? and A to the product of y; and As. The BSM HH amplitude
can then be written as:

A(ke, ka) = K2A1 + KeraAa .

o omitting the integral on the final phase space and on the PDFs for simplicity, the ggF
double-Higgs cross section oger(pp — HH) can be expressed as:

oger (PP — HH) ~ ¢ || A1|? +2f?RA1Az+< ) 2| }
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