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Z′￼→ invisible Lμ − Lτ

τ+τ− μμττ
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Search for Dark Matter
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Dark matter/mediators  
Vector portal
Dark photon, , …


Pseudoscalar portal
Axions, ALPs, …


Scalar portal
Dark Higgs, scalars


Neutrino portal 
Sterile neutrino 

Z′￼

Belle II direct searches

arxiv:1707.04591

https://arxiv.org/abs/1707.04591


Search for Dark Sector @ Belle II

• Key for dark sector:

• Clean  environment; known initial state

• Dedicated hardware-based trigger for low multiplicity physics;


• Combined information from CDC, ECL, KLM

• High luminosity (in long run)

e+e−
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Belle II Detector [735 collaborators, 101 institutes, 
23 nations]electrons  (7 GeV)

positrons (4 GeV)

Vertex Detector
2 layers Si Pixels (DEPFET) +  
4 layers Si double sided strip DSSD

Belle II TDR, arXiv:1011.0352

EM Calorimeter
CsI(Tl), waveform sampling electronics

Central Drift Chamber
Smaller cell size, long lever arm

Particle Identification 
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC  
(end-caps , inner 2 barrel layers)

Details about the Belle II 
detector can be found in 
Marco Milesi’s talk



 gauge boson Lμ − Lτ Z′￼

• New  boson couples only to the 2nd or 3rd generation leptons

• Could explain


•  

•  decay anomalies , ).


He et al. PRD 43 R22(R) (1991) 
Shuve et al. PRD 89 113004 (2014) 
Altmannshofer et al. JHEP12(2016)106


• Previous constraints for  
by BaBar(2016), Belle(2022), CMS(2019) 


• , 

• Assumed decay to neutrinos or  

dark matter ( )

• If ,  decays to neutrinos

•  would be dominant 

even above 

• Most recent result by Belle II 

PRL 124 (2020) 141801

Z′￼

(g − 2)μ
B RD(*) RK(*)

Z′￼→ μ+μ−

e+e− → μ+μ−Z′￼ Z′￼→ invisible

χ
mZ′￼< 2mμ Z′￼

ℬ(Z′￼→ χχ)
2mμ
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Z’ L - L model
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



,, , 

,, , 

Z'g'

e+

e.

• Gauging L - L , the difference of leptonic  and  number

• A new gauge boson which couples only to the 2° and 3° lepton family

• Anomaly free (by construction)

• It may solve 

➢ dark matter puzzle

➢ (g-2)
➢ B→K(*), RK, RK* anomalies

Sterile ’s

Light Dirac fermions

Shuve et al. (2014), arXiv 1408.2727
Altmannshofer et al. (2016) arXiv 1609.04026

Z’→

Z’→invisible

Z’→

BABAR
Belle
CMS

Belle II 2020
Belle II
NA64-e

Z0→Z’

Belle II

new

new

μ+

μ−

μ+, τ+, ν̄μ, ν̄τ

μ−, τ−, νμ, ντ
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]2 [GeV/cZ'M

4−10

3−10

2−10

1−10

1

g'
 (obs.) 90% CL ULτ-LµL

 inv)=1 (obs.) 90% CL UL→ , BF(Z'τ-LµL

 expected ULτ-LµL

 inv)=1 expected UL→ , BF(Z'τ-LµL
-1 = 276 pbLdt ∫

Belle II 2018

σ2±
µ

(g-2)

PRL 124 (2020) 141801

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.43.R22
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.113004
https://doi.org/10.1007/JHEP12(2016)106
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.011102
https://arxiv.org/abs/2109.08596
https://arxiv.org/pdf/1808.03684.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.141801


Z′￼ → invisible
• Analysis with 2019-2020 Belle II data ( )

• Signal: 




• 

• Backgrounds:


• 

• 

• , both 


•  is final state radiation. Train neural net to identify characteristic kinematics

• Look for peaks in  vs  (polar angle of recoil momentum)

79.7 fb−1

μ+μ− + missing Energy
M2

recoil(μμ) = s + M(μμ)2 − 2 s(ECMS
μ+ + ECMS

μ− )

e+e− → μ+μ−(γ)
e+e− → μ+μ−e+e−

e+e− → τ+τ−(γ) τ → μνν̄
Z′￼

M2
recoil θCMS

recoil

6

Outside of acceptance

Figure 1: Squared recoil mass spectrum of the µ+µ� sample, compared with the stacked
contributions from the different simulated background samples normalized to the inte-
grated luminosity.

into account important experimental details or rely on questioned theoretical assump-235

tions (as discussed in Ref. [18, 42]). Additional plots, including the indirect constraints236

from neutrino experiments, and the detailed numerical results are in the supplemental237

material [43].238

For the fully invisible case, we also consider the scenario in which �Z0 is not negligible,239

as predicted in some alternative models [9], and assume �Z0 = 0.1MZ0 or �Z0 = 0.15MZ0 .240

We reinterpret our results for these benchmark scenarios by changing the shape of the241

signal templates to a Breit-Wigner distribution of width �Z0 convolved with a Gaussian242

resolution function. In this case, we only use one-dimensional M2
recoil templates and enlarge243

the search windows to capture the sizable Z 0 peak width. All other aspects of the analysis244

are unchanged. The resulting limits for these scenarios are reported in the supplemental245

material [43].246

In summary, we search for an invisibly decaying Z 0 boson in the process e+e� !247

µ+µ�Z 0, using 79.7 fb�1 of data collected by Belle II at SuperKEKB in 2019–2020. We248

find no significant excess above the expected background and set 90% CL upper limits249

on the coupling constant g0 ranging from 3 ⇥ 10�3 at low Z 0 masses to 1 for masses at250

8 GeV/c2. These are world-leading direct-search results for Z 0 masses above 11.5 MeV/c2251

in the Lµ�L⌧ fully invisible model and for masses in the range 11.5 to 211 MeV/c2 in the252

Lµ�L⌧ vanilla model. These limits are the first direct-search results that exclude at 90%253

6

Preliminary

Figure S2: Distribution of (top) expected background events and (bottom) data across
the ✓ c.m.

recoil versus M2
recoil plane after all the analysis selections.
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μμγγ
μμγ

eeμμ

https://doi.org/10.48550/arXiv.2212.03066


Z′￼ → invisible
• Fit performed in different mass windows with flat backgrounds. 

No significant signal excess found.

• Set 90% CL exclusion limits on cross section and coupling ( )


1. For 

2. If  only decays to SM particles

g′￼

ℬ(Z′￼→ invisible) = 1
Z′￼

7

Figure 3: Observed 90% CL upper limits on the coupling constant g0 for the Lµ � L⌧

fully invisible model as a function of the Z 0 mass. Also shown are previous limits from
NA64-e [18] and Belle II [19] searches. The red band shows the region that could explain
the muon anomalous magnetic moment (g � 2)µ ± 2� [2].

8

Z′￼→ invisible

Figure 4: Observed 90% CL upper limits on the coupling constant g0 for the Lµ�L⌧ vanilla
model as a function of the Z 0 mass. Also shown are previous limits from Belle II [19] and
NA64-e [18] searches for invisible Z 0 decays, and from Belle [16], BaBar [15] and CMS [17]
(95% CL) searches for Z 0 decays to muons. The red band shows the region that could
explain the muon anomalous magnetic moment (g � 2)µ ± 2� [2].

9

Z′￼→ SM only

Excluded  parameter space  
between 0.8 to 5.0 

(g − 2)μ

GeV/c2
Limits improved below  

still consistent with 
2mμ

(g − 2)μ

Preliminary

https://doi.org/10.48550/arXiv.2212.03066


 resonance in τ+τ− μμττ
• Extend  search to permit  pair in  

final state.

• Probe three different models in one go


•  (vector portal)  
JHEP 12 (2016) 106


• Leptophilic scalar S (scalar portal)  
PRD 95 (2017) 075003




• Search for  or  in association with a  pair has been 
done by BaBar(2020).


• Axion-like particle (ALP) (pseudoscalar portal) arXiv:2110.10698

• Coupling to leptons but no coupling to   

Z′￼ τ+τ−

Z′￼

ℒ = − ξ ∑
ℓ=e,μ,τ

mℓ

v
ℓ̄Sℓ

S → e+e− μ+μ− τ

γ

Γ(ALP → ℓ+ℓ−) =
mALPm2

ℓ

8πΛ2
|ceff

ℓℓ |2 1 −
4m2

ℓ

m2
ALP

8
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Z’, S, ALP → 

S

a

+

+
-

-

Z’ L - L model

First time search in 

Leptophilic scalar S model

Yukawa couplings

Contraints by BaBar in S→

First time search in 

ALP → 

Cee=C=C C= CZ=0

Yukawa-like effective couplings

ALP- coupling unconstrained

+

-

https://link.springer.com/article/10.1007/JHEP12(2016)106
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.075003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.181801
https://arxiv.org/abs/2110.10698


Z′￼/S/ALP → τ+τ−
• Analysis with 

• Signature:


• 1-prong  decays

• 4-tracks: 


• 

• 


• Backgrounds:

• 

• 

• 

• Un-modelled

• 

• 

•  (Initial state radiation)


• 8 neural networks trained for different ranges in 

63.3 fb−1

τ
μ+μ− + 2(e, μ, π)

M(ττ) = Mrecoil(μμ)
M(4 tracks) < 9.5 GeV/c2

e+e− → ττ(γ)
e+e− → qq
e+e− → 4ℓ

e+e− → e+e−Xhad
e+e− → μ+μ−π+π−

e+e− → γ4ℓ
Mrecoil(μμ)

9

Preliminary



Z′￼/S/ALP → τ+τ−
• Scan over  above floating background

• No peaking structures in 

Mrecoil(μμ)
Mrecoil(μμ)

10

4 6 8 10

]2c) [GeV/µµ(recoilM

0

50

100
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200
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300

En
tri

es

Belle II

Preliminary

1− = 63.3 fbL dt ∫
)γ(-τ+τ → -e+e

q q→ -e+e
-µ+µ-e+ e→ -e+e

)γ(-µ+µ → -e+e
-τ+τ-µ+µ → -e+e
-µ+µ-µ+µ → -e+e

-τ+τ-e+ e→ -e+e
-1Data: 63.3 fb

Figure 2: Observed distribution of the recoil mass against the two tagging muons in
e+e� ! µ+µ�⌧+⌧� events, compared to the expectations of the simulation. Contributions
from the various simulated processes are stacked. Vertical lines indicate the MLP ranges
used in the selection.

a constant. Higher order polynomials are investigated, but their corresponding coefficients218

are compatible with zero over the full mass spectrum. A total of 2385 fits are performed,219

covering recoil masses in the range 3.6–10 GeV/c2. If a fitting interval extends over two220

different MLP ranges, we use data selected by the MLP corresponding to the range where221

the central mass value is located, to avoid discontinuities.222

Several sources of systematic uncertainties are taken into account. They are evaluated223

for their effects on the signal efficiency, since the background is estimated directly from the224

fitting procedure. Uncertainties due to the trigger efficiency in signal events are evaluated225

by propagating the uncertainties on the measured efficiencies in four-track events for226

different final states, which are 2.6% across the full mass spectrum, rising up to 3.2% at227

10 GeV/c2. Uncertainties due to the tracking efficiency are estimated in e+e� ! ⌧+⌧�(�),228

in the one-prong against three-prong topology. The relative effect on the signal efficiency229

is estimated to be 3.6%. Uncertainties due to the particle identification requirement are230

studied using µµ�, eeµµ, eeee, ee⇡⇡ events and final states with a J/ or with a K0
S, and231

propagated to this search; their relative effects vary between 3.9% and 6.2%, depending232

on the Z 0 mass.233

Uncertainties due to the MLP selection efficiency are evaluated on a signal-free control234

sample. We select the so-called pion-tagged control sample applying the same analysis235

requirements, apart from the particle identification of the two tagging muons, which236

we replace with the requirement of two identified charged pions (tagging pions). We237

require in addition the mass of the two tagging pions M(⇡⇡) > 2 GeV/c2, to avoid238

contributions from poorly simulated low mass hadronic systems. This sample is dominated239

by e+e� ! qq̄(�) and e+e� ! ⌧+⌧�(�) processes. We compare MLP relative efficiencies240

in data and simulation in signal-like regions of the pion-tagged control sample and assume241

6

e+e− → γ4ℓ±
 e+e− → e+e−Xhad

Preliminary



Z′￼/S/ALP → τ+τ−

• First constraints on coupling strength for .

• First direct constraints from  on effective coupling

MS > 6.5 GeV/c2

ALP → ττ

11

Figure 4: Observed 90% CL upper limits on the leptophilic dark scalar coupling ⇠ (top)
and on the ALP effective coupling |Ceff

ll |/⇤ (bottom).

[4] R. Aaij et al., LHCb, Test of lepton universality in beauty-quark decays ,302

arXiv:2103.11769 [hep-ex].303

[5] F. Sala and D. M. Straub, A new light particle in B decays? , Physics Letters B 774304

(2017) 205–209.305

[6] X. G. He, G. C. Joshi, H. Lew, and R. R. Volkas, New-Z 0 phenomenology , Phys.306

Rev. D 43 (Jan, 1991) R22–R24.307

9

Figure 4: Observed 90% CL upper limits on the leptophilic dark scalar coupling ⇠ (top)
and on the ALP effective coupling |Ceff

ll |/⇤ (bottom).

[4] R. Aaij et al., LHCb, Test of lepton universality in beauty-quark decays ,302

arXiv:2103.11769 [hep-ex].303

[5] F. Sala and D. M. Straub, A new light particle in B decays? , Physics Letters B 774304

(2017) 205–209.305

[6] X. G. He, G. C. Joshi, H. Lew, and R. R. Volkas, New-Z 0 phenomenology , Phys.306

Rev. D 43 (Jan, 1991) R22–R24.307
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Leptophilic scalar (S) Axion-like particle (ALP)

Preliminary



Dark Higgsstrahlung
• Dark sector could contain a dark Higgs 


• Dark photon  
couples with kinetic mixing  to SM


• Dark Higgs  
No mixing with SM Higgs 
coupling to  is 


• Effective coupling = 

• Consider two scenarios here:


•  
 decays,  

 
probed by BaBar(2012) and Belle(2015)


•  
 is long lived (undetectable/invisible) 

Studied by KLOE(2015) (at lower energy) 
Largely unconstrained

h′￼

A′￼

ϵ
h′￼

A′￼ αD

ϵ2αD

Mh′￼> MA′￼

h′￼ h′￼→ A′￼A′￼

e+e− → A′￼h′￼( → A′￼A′￼)

Mh′￼< MA′￼

h′￼

12

D
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Dark Higgsstrahlung: e+e-→ A’h’

KLOE

Belle II

MA’

M
h’

❑Dark photon + dark Higgs
• dark Higgs h’

➢ gives mass to A’ through SSB
➢ no mixing of h’ with SM Higgs 
➢ coupling D in the dark sector, 2 D overall

❑Mass hierarchy scenarios
• Mh’ > MA’

➢ h’ → A’A’, e+e-→ A’A’A’
➢ probed by Babar and Belle

• Mh’ <  MA’ this search
➢ Invisible h’ (long-lived), mising energy
➢ 2d peak in M and Mrecoil
➢ Probed by KLOE
➢ Largely unconstrained

e+e- → +- + missing energy

𝑒+𝑒− → 𝐴′∗ → ℎ′ 𝐴‘

𝜇+𝜇−

KLOE MA’

M
h’

Belle II

e+

e−

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.211801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.211801
https://www.sciencedirect.com/science/article/pii/S0370269315004372


e+e− → A′￼h′￼

• Analysis with 

• 

• Signal: 


• 

• Two masses (vs one for invisible ): 


• 

• missing mass  = 

• 2D peak in  vs 


• Backgrounds: (Same as )

• 

• 

•

8.34 fb−1

e+e− → A′￼( → μ+μ−)h′￼( → invisible)

μ+μ− + missing Energy
Z′￼

Mμ+μ− = MA′￼

Mrecoil Mh′￼

Mμμ Mrecoil
Z′￼→ invisible

e+e− → μ+μ−(γ)
e+e− → μ+μ−e+e−

e+e− → τ+τ−(γ)

13Accepted by PRL
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Dark Higgsstrahlung: e+e-→ A’h’

KLOE

Belle II

MA’

M
h’

❑Dark photon + dark Higgs
• dark Higgs h’

➢ gives mass to A’ through SSB
➢ no mixing of h’ with SM Higgs 
➢ coupling D in the dark sector, 2 D overall

❑Mass hierarchy scenarios
• Mh’ > MA’

➢ h’ → A’A’, e+e-→ A’A’A’
➢ probed by Babar and Belle

• Mh’ <  MA’ this search
➢ Invisible h’ (long-lived), mising energy
➢ 2d peak in M and Mrecoil
➢ Probed by KLOE
➢ Largely unconstrained

e+e- → +- + missing energy

𝑒+𝑒− → 𝐴′∗ → ℎ′ 𝐴‘

𝜇+𝜇−

e+

e−

https://arxiv.org/abs/2207.00509


e+e− → A′￼h′￼

• Searching signal above the expected background in different mass windows.

• No excess observed in ~9000 overlapping mass windows

14Accepted by PRL

τ+τ−(γ)

e+e−μ+μ−

μ+μ−(γ)

Yields

https://arxiv.org/abs/2207.00509


e+e− → A′￼h′￼

• Upper limits on cross sections

15

backgrounds
drop in trigger efficiency, which 

required δφ > 90° between muons 

Accepted by PRL

https://arxiv.org/abs/2207.00509


e+e− → A′￼h′￼

• Limits on effective coupling ( ) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• First limits for 

• Next update: much more data; good trigger efficiency at low mass.

ϵ2αD

1.65 < MA′￼< 10.51 GeV/c2

16Accepted by PRL

https://arxiv.org/abs/2207.00509


Summary
• Belle II at SuperKEKB has great potential thanks to low-background 

collisions, hermeticity, dedicated triggers.

• World-leading sensitivity in dark sector searches @ Belle II for:


•  ; PRL 124 (2020) 141801, arxiv:2212.03066 (to PRL)


•  ; to be submitted for publication soon

• Dark Higgsstrahlung ; arxiv:2207.00509, accepted by PRL.


• In next few years, Belle II will collect 100x the dataset collected up to now

• It will lead the exploration of dark sectors in the MeV - GeV mass range

Z′￼→ invisible

Z′￼/S/ALP → τ+τ−

17

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.141801
https://doi.org/10.48550/arXiv.2212.03066
https://arxiv.org/abs/2207.00509


Backup



SuperKEKB
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September 6th 2021 A. Gaz 6

The SuperKEKB Collider

e+, 4 GeV
I+ = 2.8 A (design)

e-, 7 GeV
I- = 2.0 A (design)

KEKB

SuperKEKB

Improvements over KEKB:

  x20 by ‘nanobeam scheme’;

  x1.5 by increasing beam currents.

Goals:

  Instantaneous lumi: ~6 x 1035 cm-2s-1

  Integrated lumi: 50 ab-1 

electron ring 
(   7 GeV)e−

positr
on rin

g 

(
 4 GeV

)

e+

✦ Upgrade of KEKB

✦ KEKB best instantaneous luminosity 

achieved by

✦ 150% of beam current

✦ 1/20 of beam size (nanobeam scheme)


✦ Well-defined initial state kinematics

✦ No additional interactions

✦ Low physics backgrounds


✦ Absolute branching fractions measurement

✦ Collected  since March 2019. 

✦ In long shutdown 1 to install two-layer pixel 

detector, July 2022 – September 2023. 

30 ×

428 fb−1

7

Introduction

SuperKEKB

77

Upgrade to KEKB

● Asymmetric e+e− collider at 10.58 GeV [𝛶(4S)]

● Increase instantaneous luminosity by 30

● Largely accomplished via nanobeam scheme

○ 𝜎
y

*: 940 → ~50 nm 

KEKB SuperKEKB



SuperKEKB Long-term plan
• World’s highest instantaneous luminosity collider,  

. Target is : 
  - increase current while reducing injection backgrounds; 
 - hardware upgrades in LS2 → international task force. 

•

4.7 × 1034 cm−2s−1 6 × 1035 cm−2s−1

20

9
SuperKEKB plan

This plot (w/ minor modification?) should be used for public presentation
see next page

Goal : 50 ab−1



Belle II @ SuperKEKB

21

✦ High reconstruction efficiency with very low trigger bias.

✦ Improved particle identification

✦ Uniform performance in reconstruction of final states involving photons from 

 …

✦ Good vertex resolution

✦ Analyses with missing particles as initial state perfectly known

π0, ρ±, η, K0
S

spatial



Trigger @ Belle II

22

• Level 1 hardware-based combines info from  
CDC, ECL, KLM

• Tracks, clusters, muons

• Two-track trigger

• Three-track trigger

•  trigger 


• Low multiplicity trigger

• Single muon (CDC + KLM)

• Single track (Neural based)

• Single photon ( )

EECL > 1.0 GeV

Eγ > 0.5, 1.0, 2.0 GeV



• Partial widths for  and for : 

 




• Decay branching fraction of  boson decay to invisible: 

Z′￼→ ℓ+ℓ− Z′￼→ νℓνℓ

Γ(Z′￼→ ℓ+ℓ−) =
g′￼MZ′￼

12π
(1 +

2M2
ℓ

24π
) 1 −

4M2
ℓ

M2
Z′￼

Γ(Z′￼→ νℓνℓ) =
g′￼MZ′￼

12π
Z′￼

ℬ(Z′￼→ invisible) =
2Γ(Z′￼→ νℓν̄ℓ)

2Γ(Z′￼→ νℓν̄ℓ) + Γ(Z′￼→ μ+μ−) + Γ(Z′￼→ τ + τ−)

23

 gauge boson Lμ − Lτ Z′￼



• 90% CL exclusion limits on cross section and coupling in low MZ′￼

24

Z′￼ → invisible

Z′￼→ SM onlyZ′￼→ invisible



Z′￼/S/ALP → τ+τ−
• Data/MC discrepancies expected.


• Due to un-modelled backgrounds

25

Fig. 1, compared to the expectations of the simulation. Two important sources of dis-193

crepancies between data and simulation appear. For low masses, approximately in the194

region M(4-tracks) < 4 GeV/c2, two-photon processes e+e� ! e+e�X, which are absent195

in simulation, give large contributions. For high masses, approximately in the region196

M(4-tracks) > 7 GeV/c2, four-lepton processes, which are simulated not taking into ac-197

count ISR effects, are important. The ISR effects push the M(4-tracks) distribution,198

which would naturally cluster at
p
s, towards lower values, therefore increasing the back-199

ground in our selected region M(4-tracks) < 9.5 GeV/c2. Additional contributions to200

the observed discrepancies come from the process e+e� ! µ+µ�⇡+⇡�, absent in simula-201

tion. All these effects are not expected to produce peaking structures in the recoil mass202

distribution.203

The recoil mass distribution after all the selections are applied is shown in Fig. 2. In204

this case, discrepancies induced by the lack of ISR effects in four-lepton simulation show up205

mainly for recoil masses below approximately 6 GeV/c2. Above GeV/c2 the discrepancies206

are due to two-photon e+e� ! e+e�X processes. Also visible in the distribution is207

the periodic structure originating from the eight MLP ranges, well reproduced in the208

simulation.209
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Figure 1: Observed four-track mass distribution, compared to the expectations of the
simulation. Contributions from the various simulated processes are stacked.

The signal extraction is performed with a scanning technique over the recoil mass210

spectrum through a series of unbinned maximum likelihood fits. The signal recoil mass211

distributions are parametrized as the sum of two Crystal Ball (CB) functions sharing the212

same mean value. The recoil mass resolution varies with the Z 0 mass and is 30 MeV/c2213

at the kinematic threshold and decreases smoothly to 10 MeV/c2 at 6 GeV/c2 and to 1214

MeV/c2 at 10 GeV/c2. The step of the scanning procedure is variable and set equal to215

the half the mass resolution. Each fit extends over an interval 40 times larger than the Z 0
216

mass resolution estimated at the center of the interval. The background is described with217

5

 e+e− → e+e−Xhad

e+e− → γ4ℓ±

Preliminary



Z′￼/S/ALP → τ+τ−

26

• No excess, set upper limit with 90% CL on Z’ cross section


