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measurements are crucial for refining our understanding of Higgs mechanism
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Infroduction

Higgs self-coupling is a crucial parameter for Higgs potential and electroweak symmetry

mj;

V(H) = —p2H H + 33 (HTH) Asm =3

12

Shape of the potential connected to the phase transition of the early universe from the unbroken to the
broken electroweak symmetry

A deviation of the potential from the SM would directly point to new physics

with additional scalar particles (SUSY, additional singlets, etc )
whether the Higgs is composite

with first-order electroweak phase transition

The precise measurement of the Higgs self-coupling is one of top

priorities of the current and future high-energy collider experiments
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Infroduction

RFE H
g @®------ H 7 J
Self-coupling can be directly studied via HH <
production processes
e 1111111 LI @------ H .
R H
fusion to Higgs pair W e
. . 10° E
: ] d M,, = 125 GeV
’ talk about this later |  aLncrs
% vector boson fusion to Higgs pair | o
| the structure-function approach (NNNLO) f 0k
* double Higgs strahlung process (VHH) , 1 "“ )
. total and differential cross section (NNLO) =
! ’ 0" L -
| * associated production of Higgs pair with top quark pair | i
. NLO o -213 114 210 30 50
G e ———— A APt Aot ettt S Bttt A B A e sttt ttecncnn] 70 100
Vs [TeV]
For VHH production at NNLO, see arXiv:1607.06382 and
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Infroduction
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Introduction
At the LHC
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Infroduction

At future colliders

Higgs@FC WG September 2019
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Perturbative corrections
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Perturbative corrections
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Perturbative corrections
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Perturbative corrections

schemes by
reweighing the differential cross section

ettt e e A inclusive total cross sections
i N\LO® N ZLOmt: add the difference

N‘LO®N'LO,, _ ;7 NLO k.l NE 13 TeV
| do = do,, "7 + Aoy, NLO,..
; @NkLOB_i b N ZLOmt: weighted by LOmt cross section NNLO&NLO,,, §
| L0 NNLOg_i®&NLO,,, ;

AN OO = dgN1O 1 Aohl — | | NNLOSNLO, |

dUmt—wo NBLO@NLOmL
,.? 3 _
(N KLO® N ZLOm: weighted by NV ZLOm cross section N°LOgB-i®&NLOm,
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m; d Gnljlg(go m; n,— oo dﬁnbl]lg(go

| Larger difference with different |
approaches due to larger invariant mass |

Chen, HTL, Shao, Wang, B

| :
arXiv:1909.06808, arXiv:1912.13001 ~ For total cross section, the
difference is about a few percent

11/19

- e e I ——=—=—



Perturbative corrections

Di-Higgs decay with a measurement function F, [dec = / dl g, / dl'y, Fy

Cross section for Di-Higgs production and decay

() 1 L
= | Opro I'dec(X,. X, X R(Hy — X1)R(H2 — Xa).
pro—l—dec(X1 X2) ( FH1—>X1 FH2—>X2 dec(X1,X2) expanded . an) ( 1 1) ( 2 2)

expanded INn series of a,

NLO corrections as sum of corrections to production and decay individually

(1) O_pro(l) 4 O_dec(l)
pro—l—dec(bb,’y’y) pro+dec(bb,yy) pro+dec(bb,y7)
| _pro(1) oL L O o RH, S bB)R(H - 1)
production part protdec(bb,yy) — “PPOR0)  p(0) - dec(bbyy) : 2

Hl—)bb H2_>'Y'Y

HTL, Si, Wang, Zhang, Zhao, JHEP 04 (2024) 002
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Perturbative corrections

1 1 f dr(l) ~ FJ F(l) ~
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HTL, Si, Wang, Zhang, Zhao,

JHEP 04 (2024) 002 and in preparation
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EW corrections

Top-Yukawa-induced and Higgs self coupling-
induced corrections
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complete EW corrections obtained numerically

L po Muw/2 /PR +m}  mu

. "/—2:}“::{ W%_ ......... LO  19.96(6) 21.11(7) 25.09(8)
ﬁﬁﬁﬁﬁﬁﬁﬁﬁ () ;U:t; NLO 19.12(6) 20.21(6) 23.94(8)
S (e§g39;'?’\:} """" R (f)ig; e IC factor 0.958(1) 0.957(1) 0.954(1)

Muhlleitner, Schlenk, Spira arXiv:2207.02524
Davies, Mishima, Schonwald, Steinhauser, Zhang arXiv:2207.02587 Bi, Huang, Huang, Ma, Yu, PRL, 2024

Heinrich, Jones, Kerner, Stone, Vestner, arXiv:2407.04653 see Huai-Min Yu'’s talk on Tue.

EW correction with 1/m, expansion

Davies, Schénwald, Steinhauser, Zhang, 2308.01355 15/19



EW corrections

g 99 o H Jur<—-- H g, H 9381 H
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vy >« y 4 vt y AW 50aw = 04 + Opd + 8.7 + SpA> + 64
g Q9 ¢ H goulsl o g gu H gualsl’ H

O Higher-order EW corrections include Feynman diagrams with one or more triple Higgs or
quadruple Higgs vertices.

O These corrections exhibit a distinct functional dependence on the Higgs self-coupling.

VM (@) = —p?(@T0) + A(279) .
(@) = —p(27®) + A(2'2) If one count the power exactly, cross section

EFT approach 0 n -
PP NP () = Con ( oip_ L v2) only depends on k5 and K, linearly
T A2n—4 2
n=3
_ A3 vt L
BENM T T ST
LY | 6cev? | degvt L
H4_)\§M:1| A2 ! Y4 —1+666‘|‘Cg.

Davies, Mishima, Schonwald, Steinhauser and Zhang arXiv:2207.02587 16/19



EW corrections
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O Higher-order EW corrections include Feynman diagrams with one or more triple Higgs or

quadruple Higgs vertices.

O These corrections exhibit a distinct functional dependence on the Higgs self-coupling.
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Davies, Mishima, Schonwald, Steinhauser and Zhang arXiv:2207.02587
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EW corrections
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EW corrections
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QCD (N)NNLO

— QCD (N)NNLO + O\, A%

OEW corrections include higher order terms in k;
3’
O Large effects observed for large k;

O The upper limit by the ATLAS and CMS
collaboration on k; is 6.6 and 6.49

O With EW correction, the , the upper limit is
/:/ narrowed down to 5.4 and 5.37
=1  ow | w0l
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Conclusion

O Measurement about Higgs self-coupling is a cornerstone for understanding electroweak
symmetry breaking and probing new physics.

O A precision study for HH production and decay is required
O A method proposed to extract the k; dependence in the cross section

O A better constraint obtained after considering EW corrections

Thank you!!
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