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𝒁𝜸 → 𝝂𝝂%𝜸: initial state radiation 
(ISR)
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𝒁𝜸 → 𝝂𝝂%𝜸: anomalous triple gauge 
coupling (aTGC)

𝒁𝜸 → 𝝂𝝂%𝜸 process
• allows to test the highest available (NNLO QCD) corrections
• is extremely sensitive to neutral aTGC due to higher Z branching ratio to 𝜈𝜈̅ than to 𝑙-𝑙.

Motivation

Process topology: 𝛾 + 𝑝23455 +𝑋 , both objects with high energy (>150 GeV)

Category Requirement

Photons E�
T > 150 GeV

|⌘| < 2.37

Jets |⌘| < 4.5

pT > 50 GeV

�R(jet, �) > 0.3

Inclusive : Njet � 0, Exclusive : Njet = 0

Neutrino p⌫⌫̄T > 150 GeV

Cross-section meas. phase space

No deviations from SM prediction was 
found

Exclusive events with 𝐸2
8 >	600 GeV

were used to set limits on aTGC
both in vertex approach and 

EFT formalism for the first time 

Feldman-Cousins frequentist two-sided 
confidence intervals from vertex function 

approach and recalculated in EFT 
parameters.

Parameter Limit 95% CL

Measured [TeV

�4
] Expected [TeV

�4
]

C eBW /⇤4
(�1.1, 1.1) (�1.3, 1.3)

CBW /⇤4
(�0.65, 0.64) (�0.74, 0.74)

CWW /⇤4
(�2.3, 2.3) (�2.7, 2.7)

CBB/⇤
4

(�0.24, 0.24) (�0.28, 0.27)

Effective field theory (EFT) approach:
Parameter Limit 95% CL

Measured Expected

h�
3 (�3.7⇥ 10

�4, 3.7⇥ 10

�4
) (�4.2⇥ 10

�4, 4.3⇥ 10

�4
)

hZ
3 (�3.2⇥ 10

�4, 3.3⇥ 10

�4
) (�3.8⇥ 10

�4, 3.8⇥ 10

�4
)

h�
4 (�4.4⇥ 10

�7, 4.3⇥ 10

�7
) (�5.1⇥ 10

�7, 5.0⇥ 10

�7
)

hZ
4 (�4.5⇥ 10

�7, 4.4⇥ 10

�7
) (�5.3⇥ 10

�7, 5.1⇥ 10

�7
)

Vertex function approach:
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• data-driven estimation:
e→γ (Z-peak), jet→γ (2D-sideband),
Wγ and γ+jet (simultaneous fit in CRs);

• MC simulation: 
Z(ll)γ.

Large Background contribution
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Measurement NNLO Mcfm Prediction

N
jets

� 0

83.7+3.6
�3.5 (stat.)+6.9

�6.2 (syst.)+1.7
�2.0 (lumi.) 78.1± 0.2(stat.)±4.7(syst.)

N
jets

= 0

52.4+2.4
�2.3 (stat.)+4.0

�3.6 (syst.)+1.2
�1.1 (lumi.) 55.9± 0.1(stat.)±3.9(syst.)

Integrated cross section (maximization of profile likelihood ratio) is measured with 
precision order of 10% (30-50% in RunⅠ)

Unfolded differential cross-section (via iterative Bayesian unfolding):𝑬𝑻
𝜸, 𝒑𝑻𝝂𝝂>,	𝑵𝒋𝒆𝒕𝒔

for the first time

Selection

Photons Leptons Jets

ET > 150 GeV pT > 7 GeV pT > 50 GeV

|⌘| < 2.37, |⌘| < 2.47(2.7) for e(µ), |⌘| < 4.5

excluding 1.37 < |⌘| < 1.52 excluding 1.37 < |⌘e| < 1.52 �R(jet, �) > 0.3
Event selection

N�
= 1, Ne,µ

= 0, Emiss
T > 150 GeV, Emiss

T signif. > 10.5 GeV

1/2
, ��( ~Emiss

T , �) > ⇡/2
Inclusive : Njet � 0, Exclusive : Njet = 0

Jets are reconstructed with anti-kt algorithm. Selection is optimized in order to suppress 
backgrounds with the highest possible signal significance and efficiency.

ATGC limits are 3-7 times stronger than 
previous results from RunⅠ.


