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https://arxiv.org/pdf/2407.13554

Outline

>Combination of single-H and double-Higgs measurements
* Test compatibility with SM

*Signal strength of single-H combination
*Signal strength of HH combination

* Measurement of H coupling to fermions and vector bosons
*HHVYV coupling (x,,) from VBF HH production

e Constrain on the Higgs boson self-coupling 4
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CMS 138 fb~' (13 TeV)

Why a H+HH Combinatio

o0 r i-k=ky=1 ——Obseved  -r-Modian sxpected
kt %%—-—/ 1 _— T:eory :)(:ediction eeee :1869: CL e:pe::t:df
K A k,\ --------------- [ ee———————————r—— e | 95% CL expected -
ST ‘~ eTeoTere) P 6@@—‘\1 :' sz — O IS "If: 1
t } excluded L
¢ with other g
, cou PI i ngs ‘ g Excluded
* Measurement of Higgs trilinear self-coupling lambda is a { fixedtoSM } &
SO PR PR ARSI PPRERL RS ° E
fundamental test of SM(x;, = k/kq,) 5 |
*k, accessible from both HH and single-H XS measurements L I I R
HIG-22-001
* First exclusion of k,,, = 0 at 6.66 from HH combination with CmMs 1381 (13 TeV)
other single-H coupling fixed to SM All other x = 1 ¢ Best fi
. . . +1SD
> With H+HH constraints on k,y, with more general | .iZSDS
assumptions on single-H couplin 5 SM
P S el
Direct search ;
*BSM expected to introduce changes in more than one coupling,
HH has better k, sensitivity but single-H provides constrain other h _
Higgs Couplings Indirect interpretaton :
> More general statements about k; S
K
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https://cms.cern.ch/iCMS/analysisadmin/cadilines?line=HIG-22-001&tp=an&id=2535&ancode=HIG-22-001

Input Analysis

All the main H production and decay modes covered
Analyses for HH production targeting GGFVBF and V-associated production

Differences with respect to single-H and HH combinations of HIG-22-00|
* Do not consider in this combination

« H — invisible (does not constrain on k)
H— Zy
> Sensitivity to k; is negligible because of the large Stat. Uncertainties
« HH — bbZZ(4l): low sensitivity and high overlap with HZZ(4l).
Removal of overlapping categories between single-H and HH. Optimized to provide maximum sensitivity to k), ky, kr

1 E Y A2y

Single-Higgs
Process | 1 7z 4 H— bb VH(H — bb) tH(H — bb) | ttH(multilepton) H— uu H— yy H—> 11 H—> WW
Paper HIG-19-001 HIG-19-003 HIG-18-016 HIG-17-026 HIG-19-008 HIG-19-006 I"_'"fé‘_'é‘_%'é’ HIG-19-010 HIG-20-013
Lumi |38 |38 77 36 |38 |38 |38 |38 |38
Phase-space STXS 1.2 Inclusicve Inclusicve Inclusicve Inclusicve Inclusicve STXS |.2/Inclusive STSX 1.2 STSX 1.2
Double-Higgs
Process HH — bbyy HH — bbtrt HH — bbbb(resolved)) HH — bbbb(boosted) VHH — bbbb HH — 4V/2V2t/4t HH — bbWW
Paper HIG-19-018 HIG-20-010 HIG-20-005 B2G-22-003 HIG-22-006 HIG-21-002 HIG-21-005
Production ggHH/qqHH ggHH/qqHH ggHH/qqHH ggHH/qqHH VHH ggHH ggHH/qqHH
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Signal strength(yy) from single-H combination

. b

d i

= I

s
%
4l

—— Expected, uH=O.998‘“°'053

-0.051 = = = =

‘-... ........ Observed, uH=1 .043fg:g§2 S

CMS Private

o

LLF"||||||||

HIG-22-001 expected

Jo) S

6.
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+0.036 +0.033 +0.028
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I HIG-22-001 observed
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uH

* Best fit shifted of ~4% with respect to HIG-22-001, but still within 1o uncertainty

* Probably driven by switch of H — 77 from inclusive(obs.p; = 0.81 £ —0.10) to STXS(obs.uy; = 0.95 £ —0.13)

* Small reduction of uncertainty with respect to HIG-22-00]1

* Probably driven by switch of H - WW from inclusive(obs.y; = 0.93 4+ 0.10/ — 0.09) to STXS(obs.uy = 0.95 = —0.08)

* Good compatibility of impact between this combination
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Signal strength(yy ) from HH combination

CMS Work in progress 138 b (13 TeV)
5 1 I 1 1 l 1 I 1 1 [ 1 1 1 I 1 1 l I 1 I I =

j 10 1 l I I I I ] I I 1 I I I
B L K, =1 +1.39
g of K’; _ 1 Expected, p, =0.99" 17 E
% - Ky =1 +1.39
‘ 8l - Observed, u  =1.327 o E
7F /2
&t CMS Private -
1C—E
6
HiH

» Good compatibility of 1;; and impact are found between expected and observed
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Likelihood Scans of k;,

CMS 138 fb™' (13 TeV)

j 6 . | ' ] | 1 I | | | I | | | 1 I | | | l | | 1 | I | | ] l 1 1 1 I | ] ] I 1 1 |
= [ Observed — single-H comb., 5.8"7" :
— i - +3.9 i
< 5—Kf=KV=K2V=1 HH comb., 1.0°7, h
AN T — single-H and HH comb., 3.1°3% -
- | ] )
- \\ | 20 -
4r \ -
3 B .
21 -
1 S_ 1o _f
O'.l | L T T

-4 -2 0 2 4 6 8 10 12 14

Ky

*Results compatible with SM within 2¢ in [-1.2,7.5]
*Best fit k, from single-H combination shifted to higher value
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Likelihood Scan of k;, under more general assumptions

20 interval

Similar to ATLAS:

8] |—1.7,+7.7 |pLB 843, 10 August 2023, 137745

477171 23,478 [-1.

Best fit 10
Hypothesis Expected Observed |
Other couplings fixed to SM 1.0778 31301 [-2.

: +4.7 +21 [T A
Floatlng (Kv, Koy, Kf) 10_13 42_% |4
Floating (xv, &, k3, k) 1'0_}1'3 4.77 1

. i
Floating (v, Koy, K¢, Ky, K¢, ;) 1.077g

—~~ 6C'IM'S"I"'I"'I"'l'"I"'l1'3'8'ftl)-j('1'3ITe‘\'/)
\_EL single-H and HH comb. — Observed. 4_7:; '
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el
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* Fits with additional floating POls seem to slightly favor K, around 4.5

I

]

I\

B

14 Aug. 2024 g


https://www.sciencedirect.com/science/article/pii/S0370269323000795?via=ihub#fg0060

2D likelihood scan of (K, k)

_43CMS_____ 138fb7(13TeV)
- . Observed — single-H comb. :
1 2-_ Ky =Koy =1 HH comb. -
Tl — single-H and HH comb. -
1S | A N -
1.0 ‘ .:' ~
0.9:- +SM 7
I ¢ Best fit value

0.8 —68.3% CL (1o) -
: ---95.4% CL (20) -

0.7 PR NN TR SN SR TN NN TN SN SN NN SN ST L SN S SR SN S S SU S R S N

-5 0 S 10 15

K
* A large degeneracy of the ggF HH cross section with respect to k; and;\ K, limits the «, sensitivity of the
HH channels

ok, arise mostly from the contamination of single-H events in the HH enrich categories and from x
dependence of the H branching fractions

* The single-H combination provides a stringent constraint on k,

o [ 2 4
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2D likelihood scan of (K, k,y/)

CMS 138 fb' (13 TeV)
a ) | | I 1 | ' | l | ] 1 | I ] | I ] ' I ) | | l | J 1
- Observed - 4+ SM -
}‘ 41 i ’ single-H comb. ¢ Best fit value "
- K=K = HH comb. — 68.3% CL (o)
i -- 95.4% CL (20)
- — single-H and HH comb. ...... 99.99994% CL (50)
3 _
2 S T I P o —~
IR l.
1 (DI :
Or _
- 1 1 1 | ] L. l| 1 1 1 1 ;I 1 1 1 1 | 1 1 1 1 l 1 1 L

0.8 0.9 1.0 1.1 1.2 1.3
Ky
» The constraint on k,,, is driven by the HH categories enriched in VBF HH events
- The single-H channels have no sensitivity on the k,,, but provide a stringent constraint on k;,

- Exclusion of k,,, = 0 for any value of k;, observed at 5o significance.
v Same conclusion as HIG-22-001. But we don’t fixed coupling in single-H

FIININ




Summary

*H and HH combination provide fundamental extensive tests of SM

*All k, measurements compatible with SM within 1 or 26, depending on the input
channels

.Observed result constraints k, at 95 % CL with ky, kyy, k. k., k_, kﬂ floating in interval

—-1.4 <k, <7.8
-With other POls fixed: —1.2 < k, < 7.5

Exclusion of k,;, = (O for any value of &, observed at 5¢ significance

ch [543 2% 2 14 Aug. 2024




Thanks !




Jialin Guo
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Table 3: Summary of overlaps between the considered single H and HH analyses included in
this combination. Non-overlapping analyses are indicated by a v/, overlaps removable with
negligible impacts on the combination are indicated by a X'.

single H/ HH analysis = HH — yybb HH — ttbb HH —4b VHH — bbbb HH (leptons) HH — WWbb

H =9y -

H— WW
ttH (leptons)

H — up

H—ZZ — 4l

H — bb (ggH, VH, ttH)
H— 17T

VHH — bbbb

DSRNENENENE NN
SESENE NENETENEN
SR NENE N NN
NN NN
CASRRARS
CAaRSARR
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H couplings to fermions and vector bosons

K
Coupling modifiers k to quantify couplings deviations from SM predictions (K'f = K—)
SM

Likelihood scan of (Kfa KV) H couplings VS particle mass

CMS
| | I I | I | I I I I I | I | | | I I -1
CMS 138 fb™ (13 TeV)
i % Discovery + LHC Run 1 o= This paper | g5 1 3 'mH _ 12538 Ge ' | " ; t.-
— 68% CL -==95% CL { SM Higgs - .
15 — — \g
: : 5 101 - ‘”‘".o' _
. i E‘h| - i ]
i _ < b .
-2 T ’.?’ -
1.0 — \ _ 10 s
K . N - i ¢ Vector bosons
B \ - - ¢ Third-generation fermions
| \ i 10°F . E
! E §_.o' }Second-generation fermions
i h il :x --- SM Higgs boson
05— N —
_ /) i 107 F A B N -
1.4 T T T T T T T _ ' ]
I | C% 12F } 1.05 _ ﬂ -
O . - :
- 7 Sad 0] SE SR L EEEE LR EEEEES + """"""""" 1.00f---tf-q-F-- -
i ) - S osf } 0.95¢ : :
0 ] | ] | 1\‘ L 1 ] ,r'l ] ] ] | ] ] ] | ] - 0_6"l el A el
0.6 0.8 1.0 1.2 1.4 10 1 10 102
Ky Particle mass (GeV)
= Compatibility with SM within 10% .
= Around 5 times improvement w.r.t = Agreement with SM for masses
| ok within 0,1- 200GeV
discovery
s




Test XS and BR compatlbuluty with the SM

= 1.002 %= 0. 057 +O 036(theory) + O 033(exp ) +O 029(Stat )]

CMs 138 b1 (13 TeV) CMS 138 fb~1 (13 TeV)
® Observed +1 s.d. (stat) Obse|l’ved W'th 50 ® Observed +1 s.d. (stat) -Ove ra" gOOd com pati bi | ity
m— +1 5.d. (stat @ syst) t1sd. (SySt)-' Significance m— +1 s.d. (stat @ syst) +1 s.d. (syst)
— 12 s.d. (stat @ syst) == — 12 s.d. (stat @ syst) o
o=|s ®. with SM
i _l_ L a=" - Stat Syst p -‘ ; i Stat SO)(I)st
+0.08 4 +0.07 L4 -—E— 1.132000 006 00 o o
vt & e ~ | =»Small excesses in /1,5 and in
1 (1 . 1 M
ok i ik - ETRR
giver | g e 0.80:012 9% 1007 0 "l o //l
1 | 1 (B Ly
: . . I uw [ —pou— 0.970.09  +0.05 +0.08
HwH —E—' 144928 4021 *019 g o . .
k ; o ol ! = Systematics uncertainties
] . . cn L 0 —pou- 0.8540.10  +0.06 +0.08
! Iz : +0.22 +00§'-C_, o B L ' 2
oy T 12088 o B0 4 ; crucial for H measurements
L s R — 10598 o 98
E (O m i e :
: i | B - oougy o gE0lE == '.bl - e * Reduce exp. Uncertainties with
- |7 : TS G—— 211045+ :42 + :17 .
- E R 5|2 N mlo new or improved approaches
‘ o] ]
A : 7| 8% i s u . T  Need of more precise theory
N RN NN NN .""'-v o s Caa ol i il i PR
O 05 10 15 20 25 30 35 40 45 0 0.5 1.0 1.5 20 25 30 35 4.0 P redictions
Parameter value Parameter value
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Upper limit on HH signal strength

CMS 138 fb~' (13 TeV)
C ' ' oo R E ' ' L
Ky = K¢ = —e— Observed @ ----- Median expected o o _
oy =y = oo oy ™Obs(exp) upper limiton iy, = 3.4(2.5)
----- 95% expected . .
B Exp limit of 2016 _=No deviations from SM observed
e oeenD 22 HHcomb , :
Expected: 40 o = 2.5 time better than 2016 result scaled
Multlepton : by Lumi
ecleq: I
Observed: 21
e E - * Extensive usage of ML tools + boosted
Expected: S’Z 0 .
Observed: 8.4 | | - topologies
I ® o °
Expected: 5.2 : =HH will be one of the most exciting
Observed: 3.3
S I —
b b : results of Run3
Expected: 4.0 i
Observed: 04 : *Scaling by end of Run3 and combing
crocieh 58 I - |
Expected: 25 ¥ | with ALTAS vary to 1!
1 10 100
95% CL limit on o(pp — HH)/aTheory
TFTRRIOIN




Constraints on «;

*Observed results compatible to SM predictions

Limiton HH XS vs k;
CMS 138 fb~' (13 TeV)

-
o
w

T

95% CL limit on o(pp — HH) fb
2

Excluded Excluded 1
N\

: K=Ky =ky=1 —— Observed  ---- Median expected :
—— Theory prediction 558 68% CL expected "
----- 95% CL expected T

10'—llllllIlll\\\\‘llllllllllllllllllllllll_‘l

6 4 2 0 2 4 6 8 10

Obs. K) c [—13,69]
Exp. k;, € [—0.9,7.0]

=Close to exclusion of k;, = ()

* Possible with Run3 data or with
Run2 HHcomb of CMS+ATLAS

pp — HH

Direct search

pp = H

Indrect interpretaton

Hh [ A 2

K, measurement from HH vs from single-H

-1
CMS 138 tb (13 TeV)
y & 28 [ 2 & B 2 ¥ & 2 S | ¥ & 0 & [ X X &
All other x = 1 ¢ Best fit
B+1SD
+ 2 SDs
SM

5 0 5 10 15 20

Ky

=First CMS measurement of k; from
signle-H
 Ultimate «, results with Run 2 dataset will
be updated soon by combining H+HH

14 Aug. 2024 18



Constrainsonk,, , -

*Observed results compatible to SM predictions

Limit on VBF HH XS vs &,y Likelihood scan of (k;, K,y,) with

considering only boosted HH(4b)

CMS 138 fb~1 (13 TeV) )
103__. r+rr+ | o+ ¢+ | ¢~ r. v v ¢ 1Tt T r1r 11 25 138fb (13TeV)
Ky =Ky =Ky =1 — Observed @ ----- Median expected - - :
= Theory prediction ¥ 68% CL expected 1 -
----- 95% CL expected - o
\ I
: Y 2 N
: W W
102 \ \ -
i A :
5 Excluded Excluded
E
_
O 10 -
X - \ -
N N\
N N
| S NN § - | &
-2 -1 0 1 2 3 — 10—2
Kav

Obs. Ky € [0.61,1.42]
Exp. Koy < [06,137]

=i, = 0 excluded at > 56 assuming x; = k, = k, = 1
=i, = 0 excluded at > 3¢ for any value of k;,




Evolution from the H discovery towards HL-LHC

oM
12 - __Tv__ﬂ__::z‘_____“ _____ ﬂ]_j_m_::ﬂ_é =At HL-LHC high precision tests of the SM
¥ 32 [ I *Precision below 5% for all the considered
Zg _ : — couplings
] :“{bnn[ﬂ ..... e wﬂ = Projection to 300()]%_1 on Uy < 1
= ______ =1 «Evidence of SM HH expected with 4¢ for CERN
OF t b E
S HZHT “““ i H Further improvement possible through new
12 - — techniques and ideas (observation?)
] S T -} =Potential for more extensive test SM, e.g.
)k - e
: & S f T© ¥ Observed Gtat @sysy) e
e & /\\.\\@Q Y [ Projected (stat ® syst) | Syst
L RPN 14 Aug. 2024



https://doi.org/10.23731/CYRM-2019-007.221
https://doi.org/10.23731/CYRM-2019-007.221

Search for non-resonant HH production

e HH production is sensitive to the Higgs trilinear coupling A

e VBF HH is sensitive to ¢, coupling — k,, = ¢,, / ¢, ¢,

ggF production (ggHH) diagrams at LO Fundamental tests

eJeTeToIox LeJelelele) S

t of SM
e K
TO0000T k """"""""""""
t HH production cross
~ sectionvs k, =A/A_,
= " HH production at 14 TeV LHC at (N)LO in QCD
VBF HH production diagrams at LO T [ — 25 G NSTHZIOE LD pl (i)
q q q gy




Evolution since discovery

H Discovery (up to 10.4 fb™" at 7-8 TeV)
b =0.87 £ 0.23 [dominated by stat.]

Run 1 comb (up to 24.8 fb™" at 7-8 TeV)
u =1.00 + 0.13 [+0.08/-0.07 (theory) + 0.07 (exp.)  0.09 (stat.)]

This combination (up to 138 fb™ at 13 TeV)
u =1.002 + 0.057 [i 0.036 (theory) + 0.033 (exp.) + 0.029 (stat.)j

> Systematics uncertainties crucial for H measurements

today and even more in future

o Reduce exp. uncertainties with new or improved approaches
o Need of more precise theory predictions

—

e
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Test XS and BR compatibility with the SM
CMS 138 fb' (13 TeV)

w i
i —— Observed +1 SD | u, combined +1 SD
T I T I I T E il I T I i 7
1012 I 1035 1 | 1 -}6.54 1 1 I 1 0 1 1 1 1 1 1 I 1
vy 108 | 160" 27  1.4370°% 1.19 10 1| J.38 o
" =1.13+0.09 : . ' :
I I | I
0.93 *0-14 : 0 30 048 : +1.55 ' +6.59 : 10.73
u# =0.97 "% : : : |
_ I
I 1 | I
+0.11 ; +0.28 : 0. ;
WW ggool i 078 %% 24157 o 176 05 | 1.44 +0.32
u"W = 0.97 £ 0.09 : ; : :
I I | I
I I | I
+0.17
T 0.66 +0.21 -pi 0:86" ' B 1.3310% i 1.89 1022 B 0.35 "5
wo0gszot0 | : : B |
I
I I I I
5 31297 ; 10.42 ; +0.36 : 40.46
o _ ?02 o N H DR _ 0905y, 1] 0.90 "%,
W =1.05 o3 ' ' :
1 | |
+0.74 ' +0. : +3. | '
mu 0.33 072 , 1.55 05 : 5.63 3¢ 5 g7 263
TiLa B0 g = : . ; 221 o
42 : ? I 2 4 6 8 :
1 | | |
Z 3 86 +1.39 : 4.43 +3.82 l
. 259+1;y7 -1.23 Sle : -2.89
L =299 596 I
1 | 1 1 1 1 1 1 1 1 1 1 1 1 | 1 | 1 1 1 L 1 1 1 1 1
0 05 1 15 2 25 o 1 2 3 o 1 2 3 4 0 1 2 3 4 005 115 2 25 3
ggH VBF WH /H ttH+tH
- _ +0.26 g +
n ., =097=008 u,=0.80 £0.12 m =1.49705 u, =1.29705 we, . =1.13200
o . = )ﬁ['
Jialin Guo 0[] 4 L 2 2 14 Aug. 2024




H couplings with more general assumptions

Assuming also H decays to
- invisible(=missing p;) & undetectable
(=non-closure of other BR'’s to unity)

Measurement assuming effective
couplings for ggH, Hyy, and HZy

CMS 138 b (13 TeV) CMS 138 b (13 TeV)
® Observed +1 SD (stat) ® Observed +1 SD (stat)
= +1 SD (stat @ syst) - +1 SD (syst) = +{ SD (stat @ syst) +1 SD (syst)
— 12 SDs (stat @ syst) — +2 SDs (stat @ syst)
™ : Stat Syst B _ Stat Syst
Ky - 1.02:008 005 +0.05 K, g T i
KZ —5— 1.04:007 +0.05 +0.05 Kw -Q 1‘00—0.06 -0.04 -0.04
el 1.00
K, —agm— 1.10:008 006 0.05 Z_ -’ WIeT. Wl oL
= i %p — &2 B
g —ass— 0.92:008 +005 +0.06 = :
J : K o 0.91:0.07 +0.04 ig:gg
K; —*— 1.013::; +0.07 +0.08 K, —$— 1,11i8:;? ig;g +0.07
Kp ——— 0.99°°17 012 012 “zy| ——e=Em——— 1625 3 o
il K : 0.93=0. - +0.06
K, —en— 0.92:0.08 +0.06 +0.06 g_ i— R
B i Ky - Wiis S o
K -E +0.21  +0.19 — :
i : [P Blnv -- 0.0720.05 +0.02 +0.04
K2y | —l—é‘l— 1655 loas 00s Bndelt | | | | COBRESE . 305 - 3
0 05 1 15 2 25 8 35 4 g 035 1 19 2 25 3 35 4
Parameter value Parameter value
Stat. unc = syst unc except for Both invisible and undetectable
, o o
k“ and and kZY BR’s compatible with zero

] — /YT 1. I —) -,



What's new in full Run 2 HH searches @CMS?

e Improvement wrt HH searches with 2016 dataset much
larger than gain in integrated luminosity

Extensive usage of ML tools Boosted topologies
5 i 59.7 fb” (13 TeV) 20 138 fb™' (13 TeV)
[ = bb .7 g:::fg::“ PR :;reﬁt L %J E_CMS Pr eliminary S::: z::en:r:oil;xcf‘z'ocbgi‘:ga135163 GMT
:>j 10° res2b E g'(:;s ? 2‘;‘;‘9 - g 18 E_ + Data . HH (1= 3.5) . aCD, gaF H, VBF H Q Run / Event / LS: 3053131,624767783 / 361
103 [} stat+Syst post-fit unc. E ::iz_ . ti+jets - Vijets, VV . VH
c - B
102 HIG'20-01 0 L%’ 12;_ ttH Total unc. = N
10 105 B2G-22-003 -
8F
10! 45
102 2 " Boosted
0
o %F T — ggHH—4Db event
§ 1o et s A l i -------------- ] ------ g 15111 """ *4{ """ 44 l """" shateibinil candidate
() 0-(5) E_ | | | | | | | | | l cou 05— l .......... ................ ot e l ............... ................. ............... ot
R 2 2 2 S g g 060 80 100 120 140 160 180 200 220
DNN score for resolved Regressed mass of one AK8 jet in

ggHH(bbT, 1) category a ggHH(4b) boosted category

+ Selections targeting VBF HH production mechanism
+ New final states, e.g. multilepton 20




Outlook for the future

Projection of ATLAS+CMS combination of

HH searches @HL-LHC and HE LHC
CERN Yellow report Vol. 7 (2019)

i s | - AL S ol mvkioto | LR T L LU L G T O T AL
< i M
< .. F HL-LHC/HE-LHC - -
14 e he o =— o Evidence of SM HH
12F- U= 14TeV. 3 ab L expected with 40
inE- — 15=27TeV, 158b" 1 o Further improvement
s \ AN —_ /) ” possible through new
oF E techniques &
45 1, ideas—observation?
21 Run 2 HHcomb —
o s o i i A M il e s s | e e s s s b o ) TN <4 To
0—1 L1 1 | | lil .~ lil | L1 1 1 I | I L1 1 1 | L1 1 1 | | I L1 1 l—
-1 0 iMi2 3 4 5 6 7 8

<i- _y50% precision @HL-LHC
015% precision @HE-LHC—5% precision with 100 TeV & 30 ab™
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Trilinear self-coupling in single-H mechanisms

e k,-dependent NLO electroweak corrections to single-H XS
and BR

Examples of k,-dependent diagrams Example of k,-dependent
for single-H prod. mechanisms O(k;) diagrams for H—VV decay
V
& [ kA i
v

One universal correction for H
wave-function renormalization O(k,?)
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BSM/SM

Effect of k, corrections on Higgs XS and BR

Modification of H BR vs kA
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o Larger variations for VH and tt
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e Effect on double-H @LO

—large variation

e Around SM single-H XS’s are
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Global fit

e BSM phenomena affecting k, should reasonably introduce
deviations in other H couplings

> Simultaneous fit of all H couplings
> (Complementarity of constraints from single-H and HH fully

exploited in their combination
CERN Yellow report Vol. 7 (2019)
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Introduction

* Higgs boson self-coupling (A) is a crucial missing element to complete
the picture about Higgs boson

® A measurement provides:

£ |»
o a fundamental test of SM and has important physics \|>>

implications (e.g. stability of the universe)

o a probe of the Higgs field potential shape 5
* Deviation of the coupling strength from SM is characterized by the JE
coupling modifier: k3 = A/Agy <
We focus on the trilinear coupling !
1 oo 3 1
V(h) = Smhh? + Avh® + ZAh*+...
_H H.  _H

H =4 4 2
H H H &

Im¢

L . _ 2 2
Self-coupling arises from Higgs field H trilinear coupling A = mj, /2v

potential expansion around its v.e.v. with v = Higgs boson v.e.v.
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