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Experimental evidence
3.4

for the Higgs Boson Decay to a Z Boson and a Photon

at the LHC . Evidence (2309.03501)
ATLAS and CMS Collaborations » Georges Aad (Marseille, CPPM) Show All(5264) Obtained from a
Sep 7, 2023
combination of ATLAS
32 pages
Published in: Phys.Rev.Lett 132 (2024) 2, 021803 (2005 05382) and CMS
Published: Jan 11, 2024 '
e-Print: 2309.03501 [hep-ex] (2204_ 1 2945)_
DOI: 10.1103/PhysRevLett.132.021803 (publication)
PDG: H— Zy Show All(2)
Report number; CERN-EP-2023-157 . ]
Experiments: CERN-LHC-ATLAS, CERN-LHC-CMS * Previous searches:
View in; CERN Document Server, HAL Science Ouverte, OSTI Information Bridge Server, ADS Abstract
corvice 1806.05996, 1402.3051,
pdf (2 links [4 cite H datasets 1307.551 5, 0806.0611 ...

[ reference search 3) 57 citations

ATLAS and CMS, PRL 132 (2024) 021803 [2309.03501]



Experimental evidence

> Sl L L LA NLANLANLAL ILANLANL N BN B
o ., ATLAS and CMS Preliminary :
@ °°F LHC Run 2 $ Data :
§ sof- —— Signal + background ]
© - ---- Background ]
©
o B ]
S 0 =
30 -
201 .
i A BT A A BN N B A SN i BN R B AR A 1
g) 2_1_ LIRS  IN
o B
I B
8 0
© B
()] B i
okl v b by b b by
115 120 125 130 135 140 145

ATLAS and CMS, PRL 132 (2024) 021803 [2309.03501]

Branching Ratio:
(. = .)x ~

Signal strength:

Motivation: provide SM prediction
as precise as possible.
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Previous calculations
Why NLO EW?

The QCD corrections amount to 0.22% of the LO width. It is resonable

to expect that the EW corrections will yield a larger contribution.

The theoretical uncertainty has not been fully discussed
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LO QCD Corrections
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Previous calculations
Why NLO EW?

The QCD corrections amount to 0.22% of the LO width. It is resonable

to expect that the EW corrections will yield a larger contribution.
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Previous calculations

« Signal background interference: F. Buccioni, F. Devoto, A. Djouadi, J. Ellis,
et. al, Phys. Lett. B 851 (2024) 138596 [2312.12384]
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 Lorentz structure

 Feynman integral

» Electroweak coupling

Some technical
details



Lorentz structure
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Constraint:
1=0, 5=— 1 5 4 (Gauge invariance).

», 3, g do not contribute to 2



Lorentz structure
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Constraint: Z
1=0, 5=— 1 5 4 (Gauge invariance).

», 3, g do not contribute to 2

Do not need in the calculation of 4.



Feynman integrals

About 5000 Feynman diagrams (Feynman gauge)
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We work in the on-shell
renormalization scheme.

Electroweak coupling

- (0) =1/137, -coupling in the zero momentum transfer limit ( "= )
o+
y € ,Pp For non-zero momentum
7 transfer (like ( — )%= 2),
In — terms survive.
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We work in the on-shell
renormalization scheme.

Electroweak coupling

« (0)=1/137, -coupling in the zero momentum transfer limit ( ' = )
e, p’ For non-zero momentum
Ay transfer (like ( — )2= 2)
In — terms survive.
e, p
« ( ?)=1/128,resumIn — terms, ( ?) = - (c()) 2
. =v2 2/ (1—- 2/ ?)=1/132, defined through muon

decay, = (0)1+A WD



We work in the on-shell

Electroweak cou pl Ing renormalization scheme.

We use five different electroweak coupling schemes:

1. (0) scheme: allto (0);

2. ( ?)scheme:allto ( 2); noln( ) terms
3. scheme: all to ;
Z
4. mixed 1: the one connecting to the external W W
photonto (0), othersto ( 2); L W
5. mixed 1: the one connecting to the external H " W
4

photonto (0), othersto



e Numerical results

« Other potential uncertainty

Sources

Numerical results



Numerical results

TABLE I. The LO and NLO decay widths of H — Zy under
different coupling schemes. The relative EW corrections are also
given.
Input

Scheme  parameters I (keV) TILW’ (keV) Spw (%)
a(0) a(0), my 5.920 6.234 5.3
a(m%) a(m%), m; ML 6.303 —13
3, G, my 6.399 6.343 =D
Mixed 1 a(0), a(m?) 6.791 6.316 -7.0
Mixed 2 a(0), G, 6.364 6.316 —0.75

L0 = 6.364%929% keV, NP =6.31673927 keV.

—0.444



Numerical results

TABLE I. The LO and NLO decay widths of H — Zy under
different coupling schemes. The relative EW corrections are also
given.
Input

Scheme  parameters I (keV) TILW’ (keV) Spw (%)
a(0) a(0), my 5.920 6.234 5.3
():(m%) a(m3), m; ML 6.303 —13
3, G, my 6.399 6.343 =D
Mixed 1 a(0), a(m?) 6.791 6.316 -7.0
Mixed 2 a(0), G, 6.364 6.316 —0.75

L0 = 6.36479597 keV, NP = 6.31673925 keV.

The EW corrections

more significant
than the QCD
corrections
greatly suppress
the theoretical
uncertainty



Numerical results

Combining EW, QCD, -mass corrections:
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Numerical results

Combining EW, QCD, -mass corrections:

EXPaTLAs+CMS

Branching
ratio (with Lo
SM total

width): NLOqco

|
|
|
|
|
|
|
|
= —
|
|
|
|
|

- —

e+

I
I
I
I
I
I
I
I
|

- =6.348

I
I
i
|
|
|
|
|
|
I
I
I
I
I
I
I
|
|
|
|
I
I
I
]

3.4+1.1

16750

1572338

1.56:99]

Myx1073

+0.028
“oo0ss keV

The EW

corrections
exacerbate
the tension.



Other potential uncertainty sources

Finite width effect / proper definition of -  —— subtle in theory



Other potential uncertainty sources

Finite width effect / proper definition of -  —— subtle in theory

phenomenologically:

* -width effect: about —3%
[PLB 851 (2024) 138596]
-width effect: may reach 10%
[PLB 727 (2013) 424, PRD 89
/ (2014) 3, 033013]

Iarger than quick estimation ( /7 )

Alternative way: study the - €8 process, experimentally and
theoretically.



Summary

Cross check:

We obtain the most accurate prediction Br( - )=
1.56239% X 1072 by including the NLO EW corrections.

The EW corrections are more significant than the QCD
corrections, and can greatly suppress the theoretical
uncertainty.

The state-of-the-art SM prediction is significantly lower
than the measured value. This could probably be
attributed to the underestimated experimental
uncertainties or the new physics beyond the SM.

W. L. Sang, F. Feng, Y. Jia, Phys. Rev. D 110 (2024) 5, L051302 [2405.03464]






