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RESULTS

ANALYSIS STRATEGIES

INTRODUCTION

A search for rare decays of Z and Higgs bosons to J/ψ meson and a photon, with the subsequent decay of J/ψ→µ+µ−, is presented. The analysis uses a data sample 
corresponding to an integrated luminosity of 35.9 fb-1 in proton-proton collisions at √s =13 TeV collected with the CMS detector at the LHC in 2016.

ABSTRACT

Trigger Muon-Photon trigger with pTµ >17 GeV and ETɣ > 30GeV

Muon

Identify muons promptly produced at the primary event vertex (PV)  

Isolation applied on µlead 	to reject decays of hadrons within jets 

pT lead µ > 20 GeV; pT trail µ > 4 GeV; |𝛈µ | < 2.4;

Photon General-purpose MVA ID; |𝛈SCɣ |< 2.5, those in ECAL gap are rejected 

Kinematic cuts to reject pp→Z/ɣ*+ɣFSR, pp→ɣ*+jets, and pp→ɣ+jets events 
Consistent with J/ψ mass: 3.0 < mµµ < 3.2 GeV

EVENT SELECTION 

SYSTEMATIC UNCERTAINTY
Integrated luminosity 2.5%

Theoretical uncertainty

 QCD scale, PDF, αs, decay branching ratio 1.7～6.7%

Detector simulation, reconstruction

Pile-up weight 0.79～1.4%

Trigger 3.0～6.5%

Muon ID/Iso 2.3～3.6%

Photon MVA ID 1.1～2.0%

Electron veto 0.45～1.2%

Signal model

mµµɣ  scale < 0.1%

mµµɣ  resolution 1.0～4.8%

Higgs-Charm coupling is currently loosely constrained ! 

BRSM(Z→J/ψ ɣ) 9.0×10-8

BRSM(H→J/ψ ɣ) 3.0×10-6

In the standard model (SM), branching 
fractions are predicted to be small

Any deviat ion from the SM Hcc ̅
coupling would affect the amplitude of 
the direct process and the interference 
term, and leads to the shift in the 
branching fraction 
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Effective field theory at 
high cutoff scale Λ

2HDM with flavor 
symmetry violation

The composite pNGB 
model (charm partner 

in SUSY ?)

Extensions of the SM can modify the Hcc ̅coupling 

WHERE WOULD IT LIE ?

Destructive interference 
between direct and 
indirect processes

Background composition

pp→Z/ɣ*→µµɣFSR/ISR mµµ in the J/ψ mass window 
mµµɣ in the Z/Higgs mass window

Resonant 
backgroundpp→H→ɣ*ɣ

pp→Z/ɣ*+jets Jet misidentified as an energetic photon
Non-resonant 
backgroundpp→ɣ + jets  Muons from heavy-flavor decay in jets

pp→J/ψ + jets/ɣ Muons from J/ψ, jets misidentified as a photon

‣ Resonant background is modeled independently 
- Estimated from simulated events 

‣ Non-resonant background is modeled as a whole 
- Estimated from data (Currently no proper simulated sample)

EVENT YIELDS

Channel Inclusive yields

Data Signal Resonant background

Z→J/ψ ɣ 384 1.5 4.5

H→J/ψ ɣ 279 7.7×10-2 0.2

‣ J/ψ in the Higgs decay assumes the transverse polarization 
‣ J/ψ in the Z decay is assumed to be unpolarized, and extreme polarizations 

give variation from -8% (transverse) to +16% (longitudinal) on expected yields
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mµµ DISTRIBUTIONS
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PROPER DECAY TIME t DISTRIBUTIONS
Distributions are normalized to the number of selected events in data

The distributions agree 
within statistical uncertainty  
➡ J /ψ c a n d i d a t e s 
reconstructed in data are 
produced promptly at PV

Small angular separation 
between muons in the 
final state

µ1µ2

H i g h - p T J /ψ d e c a y s 
immediately to muonspT

J/ψ
! "!!!

Isolated high-ET photonɣ

photon and J/ψ 
are produced 
back-to-back

Z/Higgs
protonproton

THE OBSERVED AND (EXPECTED) EXCLUSION UPPER LIMITS AT 95% C.L

Channel Polarization 
scenario BR(Z (H)→J/ψ ɣ) Run1 results

ATLAS Phys. Rev. Lett. 114, 121801 CMS Phys. Lett. B 753 (2016) 341 

Z→J/ψ ɣ

Unpolarized 15 (17)
Assumed longitudinally 

polarized -Transverse 16 (19)

Longitudinal 13 (15)

H→J/ψ ɣ Transverse
260 (170)

Combination with CMS Run1 result leads to an upper limit of 220 (160)×SM 

1.4(1.6
-0.5

+0.7) ×10−6

1.5(1.7
-0.5

+0.7) ×10−6

1.2(1.4
-0.4

+0.6) ×10−6

7.6(5.2
-1.6

+2.4) ×10−4

BR(Z (H)→J/ψ ɣ)

BRSM(Z (H)→J/ψ ɣ)

2.6(2.0
-0.6

+1.0) ×10−6

1.5(1.2
-0.3

+0.6) ×10−3 1.5(1.6
-0.8

+0.8) ×10−3

SUMMARY
‣ A search for rare decays of 

Z and Higgs boson to J/ψ 
meson and a photon is 
performed.  

‣ The results provide the 
most stringent limits on 
both channels 

‣ More data are required to 
a p p r o a c h t h e S M 
sensitivity. 
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mµµɣ DISTRIBUTIONS & NON-RESONANT BACKGROUND MODEL

The true form of the background 
distribution is unknown. 

➡ Mismodeling of the background 
could lead to a bias in the analysis.  
➡ Bias Study is performed to choose 

a function such that the bias introduced by 
the fit function is small compared to the 

statistical fluctuation. 
➡ No additional systematic uncertainty is 

assigned for the background estimation. Bernstein polynomial 
of order 3
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We note that turning off the direct-production amplitude
for the J=c would lead to a branching ratio of 3:25! 10"6

and 132 events. This is a statistically significant deviation
of about 30% from the SM event yield. Hence, measure-
ment of the H !cc coupling is a reasonable goal for future
experimental searches.

Deviations of !Q from unity parametrize deviations of
the H !QQ coupling from its SM value. We show in Fig. 1
the relative deviations in the H ! J=c" and H ! "ð1SÞ"
branching ratios as functions of !Q. The shifts in the
experimentally promising J=c mode can reach 100% for
values of !c that are a few times the SM value. In the case
of "ð1SÞ production, the deviations are extraordinarily
large: within the SM there is a strong cancellation between
the direct and indirect production mechanisms that is lifted
if the H !bb coupling is changed. Changes in this coupling
of a few times the SM value can, therefore, likely be probed
in this channel at the LHC. Because the interference of the
"ð1SÞ SM production amplitudes is almost completely
destructive, most values of !b ! 1 result in an increase
in the predicted branching ratio relative to its SM value.

Now let us investigate whether the J=c" decay mode is
visible over the continuum H ! #þ#"" decay mode.
We estimate the continuum background by integrating
the continuum production rate [26] over the range
m#þ#" 2 ½mJc " 0:05 GeV; m Jc þ 0:05 GeV'. The inte-
gration range is consistent with the experimental resolu-
tion, which is discussed in the next section. We find that

BR contðH ! #þ#""Þ ¼ 2:3! 10"7; (19)

which is comparable in size to BRSMðH !J=c"Þ!
BRðJ=c !#þ#"Þ. Our conclusion is that the J=c"
mode should be visible over the continuum background.

III. EXPERIMENTAL PERSPECTIVES

The ATLAS and CMS collaborations can search for the
V" decay channels by using the single-lepton, dilepton or

lepton-plus-photon triggers. The Higgs-to-V" decay is
characterized by a high-pT photon recoiling against a
lepton-antilepton pair from the V decay. The vector quark-
onium state will be highly boosted, causing the two leptons
to be close to each other in angle, with their momenta
transverse to the boost axis anticorrelated. On the basis of
these event characteristics and the current performance of
the ATLAS and CMS detectors and event reconstruction,
the following conclusions can be drawn.
(1) The resolution of the invariant mass of the lepton

and antilepton is almost independent of their kine-
matics. The average lepton momentum is expected
to be around 30 GeV. Therefore, the resolution of
the muon transverse momenta (#þ#" invariant
mass) can be as good as 1.3% (1.8%) [27].

(2) The resolution of the photon energy is around 1%
[28].

(3) The resulting resolution of the three-body (Higgs)
invariant mass is around 2.1%. However, if the
leptons and the photon are both at high pseudora-
pidity, then the resolution will be only about 4%.

(4) The production vertex is well defined by the leptons
and, owing to the high energy of the photon, the
contamination from pile-up events (those with mul-
tiple interactions per bunch crossing) is expected to
be small.

As is shown in Fig. 2, studies that are based on the MCFM

[29] event generator predict that the detector geometrical
acceptance for Higgs-to-##" events is better than 70%.
After a basic event selection has been performed, 45–60%
of the signal events will remain. Since there is no missing
energy in the signal events and the expected mass resolu-
tion is a few GeV, a clear resonance over the background in
the ##" invariant mass distribution is expected. To first
approximation, the sensitivity of the measurement is given

by
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðSþ BÞ

p
=S, where S and B are the signal and back-

ground events, respectively. The numerator corresponds to
the statistical uncertainty of the observed sample. Figure 3
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FIG. 1 (color online). The relative deviations in the branching ratios for H ! J=c" (left panel) and H ! "ð1SÞ" (right panel) as
functions of the scaling parameters !Q, which are defined in Eq. (1).
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