Probing light quark Yukawa couplings through
angularities in Higgs boson decay

Bin Yan
Institute of High Energy Physics

CEPC 2022
Oct 24-28, 2022

In collaboration with: Christopher Lee




Higgs couplings and EWSB
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Light quark Yukawa couplings@LHC
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Light quark Yukawa couplings@e™e™
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Event shapes

1 .

One class of event shapes: e(X)=—= Z D' | fe(m:)
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Examples:

Thrust fl—T (77) — e |77| Brandt, Peyrou, Sosnowski, Wroblewski,64; Farhi, 77
Jet broadening fB (77) — 1 Catani, Turnock, Webber, 92

f ( ) . L Ellis, Ross, Terrano, 81

C-Parameter c\n) = cosh(n)
Angularities fTa (77) — 6—|n|(1—a) Berger, Kucs, Sterman, 03 (re|atively new)

The proportions of two jet-like and
G. Bell, A. Hornig, C. Lee, J. Talbert, JHEP01(2019)147 three-or-more jet like events
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Why Event shapes?

One class of event shapes: Z 1p", | fe(1s)
r= PDG2019
- _p
A. Tests the PQCD ALEPH (j&s) o ‘ ®
OPAL (j&s) ; : |
JADE (j&s) : I
B. Extractions of strong couplings Dissertori (3j) —or— ete-
JADE (3j) I . — i jets
_ Verbytskyi (2j) :I-:-Q—l &
C. Substructure of jets Kardos (EEC) - shapes
Abbate (T) o i
) .. ) Gehrmann (T) F—@— : |
— =1
D. Quark-gluon discriminations Hoang (C) ¥
L 1 4 1 | I T S N S S S R |
1 do 0110 0115 0.120 0.125  0.130
ma S. D. Ellis, C. K. Vermilion, J.R. Walsh, A. Hornlg C. Lee, JHEP11(2010)101 s (MZ)
0| qjet | giet | The peak:
zzg R= | sof R=1 Approximate CA/CF scaling
1505: “|
? | o a=1/4 Jet Angularities
100 | \K Y a=1/2 |
50 | ] t —]
5 —_— ] 10 © !
of f ] 0» 1 f (77) — €_|n|(1—a’)
0000 0002 0004 0006 0008 0010 000 0.005 0010 0015 0.020 Ta

Ta

Ta

6



Event shapes and Yukawa couplings

J. Gao, JHEP 01 (2018) 038
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Event shapes could give a strong constraint
for the light quark Yukawa couplings
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Factorization for event shapes in Higgs
Fleming, Hoang, Mantry, Stewart (2007) decay

Bauer, Fleming, Lee, Sterman (2008)
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Accuracy counting

Accuracy

Fcusp

YFs '72, YR
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From NLL" to NNLL accuracy:

G. Bell, R. Rahn,and J. Talbert, NPB936(2018)520-541; JHEP 07 (2019) 101

Two-loop soft anomalous dimensions provided by SoftSERVE
Two-loop jet anomalous dimension obtained from consistency relations
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Non-Perturbative Model

Soft function as convolution of Perturbative and Non-Perturbative parts:

' / A T T KH ~ TMH
Sz(ka ,u) — /dk SPT(k k :U)jmod(k o QA;LL) ~ (1)
! g ~ myTi/ 2=
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Hoang, Stewart, PLB660(2008) 483-493 ns ~ MpTg
The Non-Perturbative function will give a shift of the angularity distributions
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Matching to Fixed order
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Light quark Yukawa couplings
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Analysis region
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Light quark Yukawa couplings

Nbin
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How to improve results?
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B. Multiple angularities?

C. NNLL predictions?
Matching to NNLO
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Summary

A. Light quark Yukawa couplings are important for us to verify the electroweak symmetry
breaking mechanism ;

B. Event shapes are powerful tool to suppress the gluon background;

C. We use angularities from Higgs decay to constrain the light quark Yukawa couplings.
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18



SCETT & SCE T — awirtual(ity) contest
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Hard, jet and soft function@1 Loop

Ha rd funCtion: Berger, Marcantonini, Stewart, Tackmann, Waalewijn, 2011
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Evolution and Resummation
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Profile scales and their variation

Typical scales:

HEH ~ TMH

v (1)

e (1)

Hs ~ TMHTy

G. Bell, A. Hornig, C. Lee and J. Talbert, JHEP 01 (2019) 147
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ri - [T Numerical
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Resummation and fixed order
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Profile function

Smooth transition between different scale regions:
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Theoretical uncertainty
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Evolution and Resummation
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Event number

Vs =250 GeV,L =5ab* J. Gao, JHEP 01 (2018) 038

A. Two non-b/c jets in final state

B. Recoil mass constraint

N? = 3070, N}'F =0.1N?, N?? =0.2N?, N9 =0.6N?
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