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Higgs sell-coupling in the SM

V(¢) = —p*¢'¢ + A(¢'¢)*
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Higgs pair production

e gluon fusion

g 0 ’,, H
.-’
g \‘\
(NN)NLO QCD
~100000 events

Borowka,et al,PRL117,012001
Baglio, et al, EPJC, 79, 459
Chen,Li, Shao,JW, PLB 803,135292
JHEP,2003,072

e vector boson fusion

(N)NNLO QCD
~6000 events

Ling,Zhang,Ma,Guo,Li,Li,
PRD89,073001

Dreyer,Karlberg, PRD98,114016,
PRD99,074028

e double Higgs—strahlung
q W, Z

S« H

NNLO in QCD
~3200 events

Baglio,et al, JHEP1304,151
Li,Li,JW, PRD97,074026, PLB765,265

e associated production with top quark

NLO in QCD
~3000 events

Englert,et al, PLB743,93
Liu, Zhang, 1410.1855
Frederix,et al, PLB 732,142
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bb ZZ
Expected: 40

Observed: 32

Multilepton

Expected: 19
Observed: 21

bb vy

Expected: 5.5
Observed: 8.4

bb tt
Expected: 5.2

Observed: 3.3

bb bb
Expected: 4.0

Observed: 6.4

Combined
Expected: 2.5

Observed: 3.4

CMS 138 fo! (13 TeV)
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Why do we need precise prediction?

1. The measured events numbers do not depend on the theoretical
prediction, but the interpretation does.

2. As more data are accumulated, the experimental uncertainties
will reduce. Theoretical uncertainties will reduce only after we
calculate higher-order corrections.

3. Renormalization and factorization scale uncertainties are sizable,
especially for Higgs productions.
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the more precise the cross section is
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go>HH@NLO: Full mt dependence

99 — HH at NLO QCD | /s = 14 TeV | PDF4LHC15 donro
1 F T | T | ! | ! | ! | ! |
—— MS scheme with m,(m,) : dQ) 1Q=300 Gev
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10 - | donrLo
d() 1Q=600 GeV
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0.02978(7)*8%
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0.03204(9)+9%

0.000435(4) 9%
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13%
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27.73(7) 1%, b

(
32.81(7) 1%, b
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1140(2) 3% fb
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Baglio, Campanario,Spira, et al, 1811.05692, 2003.03227



go>HH@NNNLO

Many checks:

1. Self consistency (gauge invariance, poles cancellation)
2. Reproduce single Higgs xs up to NNLO

3. Reproduce double Higgs xs up to NNLO

L.B.Chen, H.T.Li, H.S.Shao, JW, Phys.Lett.B,803,135292, JHEP,03(2020)072
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T'he idea of g1 subtraction
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Validation of q 1" subtraction
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How large are NNNLO corrections?

or der\/g 13 TeV 14 TeV 27 TeV 100 TeV
T31% T31% 26% T19%

LO 13.8()_%:? 17.()6_%;) 98.22_%253 2015_%:?;)
NLO 25.81;5}%?72 31.89;5152?; 183.0;4}%7; 3724;411277‘;
N 1;IL O | 30.4 1+_07 :686?; 37.5 5+_07 gé 214. 2+_o6 5 73%; 4322;05 :531((7;
N°LO |31.317, 25" 38.657, 70" 220.27 75" 44387 25"

87%

18%

3%

L.B.Chen, H.T.Li, H.S.Shao, JW, Phys.Lett.B,803,135292, JHEP,03(2020)072




o [fb]

How to choose a scale?

355 e ¢ - ;
B e
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L.B.Chen, H.T.Li, H.S.Shao, JW, Phys.Lett.B,803,135292, JHEP,03(2020)072



Invariant mass of nggs pair
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[fb/20 GeV]

go— HH including decay
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x-section significantly!
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go—HH including NLO decay
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Conclusion

> Measuring Higgs self-couplings is of great importance in the
future.

- Precise theoretical prediction is heeded to properly interpret
the data.

- The dominant channel gg>HH has been calculated up to
NLO/NNNLO in the finite/infinite mt scheme.

- The cut effects and higher order corrections in decay are
also significant, and thus should be considered for a detailed

stuay.
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Top quark mass effects
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N*LOQN'LOm, NLO 0 m; =00 _ ; NLO k.l Ao,
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go—HH@NNNLO
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do

[fb/5 GeV]
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