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Introduction and motivations

• Growing interests in searching for DM related phenomenon with 
high statistics and high precision measurements. 

• Such phenomenon has to do hidden sector*, assumed to interact 
with the visible sector through a messenger particle. 

• A popular proposal for such a messenger is the so-called dark 
photon**, which mixes with U(1)Y in SM.    

*B. Holdom, Phys. Lett. 166B, 196 (1986); P. Galison and A. Manohar, Phys. Lett.  
 136B, 279 (1984) 
**J. Alexander et al., arXiv:1608.08632 [hep-ph] 



Introduction and motivations

• Such a mixing induces EM couplings between dark photon and 
SM fermions, which generate rich phenomenology. 

• The search for light boson with the reaction e+e- —> A’+gamma 
has been proposed*.  

• Many new proposals to search for dark photons with the above 
process—see the list next page 

• These proposals are based upon either fixed target or electron-
positron collider 

*C. Boehm and P. Fayet, Nucl. Phys. B 683, 219 (2004); N. Borodatchenkova, D.      
 Choudhury and M. Drees, Phys. Rev. Lett. 96, 141802 (2006); P. Fayet, Phys.  
 Rev. D 75, 115017 (2007). 



Introduction and motivations

• V. Kozhuharov [PADME Collaboration], Nuovo Cim. C 40, no. 5, 192 (2017) 

• T. Araki et al.,  Phys. Rev. D 95, no. 5, 055006 (2017) 

• B. Wojtsekhowski et al., JINST 13, no. 02, P02021 (2018) 

• I. Alikhanov and E. A. Paschos, Phys. Rev. D 97, no. 11, 115004 (2018) 

• L. Marsicano et al., Phys. Rev. D 98, no. 1, 015031 (2018) 

• J. Jiang et al., Eur. Phys. J. C 78, no. 6, 456 (2018) 

•



Introduction and motivations

• The dark photon interaction with EM current is given by  

• The neutral current interaction is suppressed in the limit MA’ <<MZ 

• The detection of A’ determines the mixing parameter and the mass 
of the dark photon. 

• On the other hand, there could be other mixing between dark 
boson and SM gauge bosons, such as*
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*H. Davoudiasl, H. S. Lee and W. J. Marciano, Phys. Rev. D 85, 115019 (2012)



Introduction and motivations

• With the above mass mixing, an independent neutral current 
coupling between dark boson and SM fermions is induced: 

• Considering both mixings, the interaction between dark boson 
(renamed as Zd from now on) and SM fermions becomes 

• In the search for Zd  with e+e- —> Zd +gamma, can one determine 
the relative strength of vector and axial-vector couplings? 

• The key is on the polarization of Zd
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Outline
• Heuristic derivation of Zd-fermion interactions 

• Ward-Takahashi identity and the polarization of Zd in e+e- —> 
Zd+gamma 

• Differential cross section of e+e- —> Zd+gamma for each 
polarization of Zd  and the decay distribution of Zd —>l+ l- 

• Searching for Zd by e+e- —> Zd+gamma and Zd decaying to muon 
pairs in BaBar and Belle II 

• Summary



Heuristic derivation of Zd-fermion interactions

The mixing terms give two point functions

The EM interactions of dark boson

The Neutral-Current interactions of dark boson

Zd ⌘ Z 0
<latexit sha1_base64="WOkquQ0yAtFZprvHsAIUWMIrpGw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JUQZcFNy4r2AdtY5hMbtqhk4czk0INxV9x40IRt/6HO//GaZuFth64cDjnXu69x0s4k8qyvo3Cyura+kZxs7S1vbO7Z+4fNGWcCgoNGvNYtD0igbMIGoopDu1EAAk9Di1veD31WyMQksXRnRon4ISkH7GAUaK05JpHHdfvwUPKRrhzn/USwUKYuGbZqlgz4GVi56SMctRd86vnxzQNIVKUEym7tpUoJyNCMcphUuqlEhJCh6QPXU0jEoJ0stn1E3yqFR8HsdAVKTxTf09kJJRyHHq6MyRqIBe9qfif101VcOVkLEpSBRGdLwpSjlWMp1Fgnwmgio81IVQwfSumAyIIVTqwkg7BXnx5mTSrFfu8Ur29KNdqeRxFdIxO0Bmy0SWqoRtURw1E0SN6Rq/ozXgyXox342PeWjDymUP0B8bnD7NJlWE=</latexit>



In the limitMZd ⌧ MZ
<latexit sha1_base64="9nxpMgSWQW8QYsA/VYiqrA5+lgQ="></latexit>

Heuristic derivation of Zd-fermion interactions 



Ward-Takahashi identity and Zd polarization  

+

=0 for me—>0

Zd is expected to be transversely  
polarized for dark boson mass  
much less than CM energy

✏µ(k1) = (|~k1|, EZd k̂1)/mZd

<latexit sha1_base64="Dh4DDm7rnYs97djBP5mlziS/PV8="></latexit>

= kµ1 /mZd +O(mZd/EZd)
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BaBar search result and Belle II sensitivity to  
 A0 ! e+e�, µ+µ�, hh

The Belle II physics book, arXiv:1808.10567 

J. P. Lees et al. [BaBar Collaboration], Phys. Rev. Lett. 113, no. 20, 201801 (2014)

Take " = 7⇥ 10�4;mZd/
p
s = 0.1, 0.3, and 0.8.



Polarized amplitudes

✓ the direction of Zd with respect to e- direction in CM frame 

me is neglected except in the denominator

g2f,V + g2f,A = 1
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Polarized differential cross sections

Differential cross section for longitudinal state 
is clearly suppressed by  
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Polarized differential cross sections-numerical 
results

" = 7⇥ 10�4;
p
s = 10.58 GeV CM frame V-A coupling



Polarized differential cross sections-numerical 
results



Polarized differential cross sections-numerical results

Longitudinal polarization is now equally important 
Helicity +1 and -1 states getting closer to each other  



Zd decay distributions and the parity violation 
parameter  

Helicity +1  state

Angular distributions of Zd decays

Helicity -1  state

   the angle between l- direction 
in the Zd rest frame and the 
Zd boost direction 

✓d

Longitudinal state
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Forward-backward asymmetry of leptons from Zd decays 
Zd produced in the backward direction �1  cos ✓  0
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mZd = 0.1
p
s,� ⌘ pl/El = 1
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Forward-backward asymmetry of leptons from Zd decays

mZd = 0.8
p
s,� ⌘ pl/El = 1

<latexit sha1_base64="Kx5FepoRBnYbjhOZxuPQpzyVsNw="></latexit>



Double angular distributions; correlation between 
Zd and lepton directions

d2P

dd⇠
=

1

�T · �l+l�

X

i

✓
d�i

d cos ✓

◆
·
✓
d�i

l+l�

d cos ✓d

◆

<latexit sha1_base64="slFv6WzmpA8fOtSpjCz9kyTiP+A="></latexit>

= Q0(, ⇠) +Q2(, ⇠)⇢
2

<latexit sha1_base64="d0tAw0cbRAh3+PpcVmYm5wwT5xs="></latexit>

i: polarization index
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Q0: even in both 
Q2: odd in both  

 and ⇠
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Changes sign when        changes sign; 
Reaching to maximum for ultra-relativistic 
lepton and the limit     

 · ⇠
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Signal event asymmetry 
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m : maximum of 
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⇠ : fully integrated

<latexit sha1_base64="SkTTyqGA5v1NuwXMqiX5xxclgvI=">AAACBnicbVDLSsNAFJ3Ud31FXYowWARXJZGKIi4ENy4rWBWaUiaTmzp0MgkzN2IJXbnxV9y4UMSt3+DOv3HaZuHrwMDhnHu5c06YSWHQ8z6dytT0zOzc/EJ1cWl5ZdVdW780aa45tHgqU30dMgNSKGihQAnXmQaWhBKuwv7pyL+6BW1Eqi5wkEEnYT0lYsEZWqnrbgV34ogWgU5onEs5oAEVCqGnGUI07Lo1r+6NQf8SvyQ1UqLZdT+CKOV5Agq5ZMa0fS/DTsE0Ci5hWA1yAxnjfdaDtqWKJWA6xTjGkO5YJaJxqu1TSMfq942CJcYMktBOJgxvzG9vJP7ntXOMDzuFUFmOoPjkkE1LMaWjTmgkNHC04SPBuBb2r5TfMM042uaqtgT/d+S/5HKv7jfq++eN2slxWcc82STbZJf45ICckDPSJC3CyT15JM/kxXlwnpxX520yWnHKnQ3yA877F7rMmKg=</latexit>

m = 0.95 ) APN = 0.64⇥ (⇢2/4)

<latexit sha1_base64="gxDqYp3yi+8s3f9y5FnNUsgVhXo="></latexit>

m = 0.80 ) APN = 0.55⇥ (⇢2/4)

<latexit sha1_base64="vdjK470qVC/WJPF+DvOqxqZFYiY="></latexit>

This parameter has to be calculated with actual detector acceptance  

"� = "Z ⇢ = 1.74

<latexit sha1_base64="oU7xVWGGbppc0U/aeuSopWSZlsU="></latexit>

"� = "Z tan ✓W ⇢ = �2

<latexit sha1_base64="GviDGkiy2bvQCcyqs/YHIHV8iOo="></latexit>

V �A

<latexit sha1_base64="uw1kN9oyswJVkEKqZQVKjJpR17M=">AAAB6nicdVDJSgNBEK1xjXGLevTSGAQvDj0xGZNb1IvHiGaBZAg9nZ6kSc9Cd48QQj7BiwdFvPpF3vwbO4ugog8KHu9VUVXPTwRXGuMPa2l5ZXVtPbOR3dza3tnN7e03VJxKyuo0FrFs+UQxwSNW11wL1kokI6EvWNMfXk395j2TisfRnR4lzAtJP+IBp0Qb6bZxetHN5bFdqeCi4yJslzAuuBVD8Fmh7LrIsfEMeVig1s29d3oxTUMWaSqIUm0HJ9obE6k5FWyS7aSKJYQOSZ+1DY1IyJQ3np06QcdG6aEglqYijWbq94kxCZUahb7pDIkeqN/eVPzLa6c6KHtjHiWpZhGdLwpSgXSMpn+jHpeMajEyhFDJza2IDogkVJt0siaEr0/R/6RRsJ2iXbop5quXizgycAhHcAIOnEMVrqEGdaDQhwd4gmdLWI/Wi/U6b12yFjMH8APW2ycUy42w</latexit>



Prospect of probing parity violation parameter    at Belle II⇢

<latexit sha1_base64="fyk8jr6SXwF8ra76Jl7GGyjIIGU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAOSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+y/3OE9WGKfloJykNBR5JFjOCbS71daIG1Zpf9+dAqyQoSA0KNAfVr/5QkUxQaQnHxvQCP7XhFGvLCKezSj8zNMVkjEe056jEgppwOr91hs6cMkSx0q6kRXP198QUC2MmInKdAtvELHu5+J/Xy2x8E06ZTDNLJVksijOOrEL542jINCWWTxzBRDN3KyIJ1phYF0/FhRAsv7xK2hf14LJ+9XBZa9wWcZThBE7hHAK4hgbcQxNaQCCBZ3iFN094L96797FoLXnFzDH8gff5AyJEjk8=</latexit>

Belle II calorimeter angular coverage* 
Corresponding photon rapidity range 

Boost velocity from LAB to CM 

           7GeV   4GeV                         

12.4�  ✓lab�  155.1�

<latexit sha1_base64="9DTFJf0u6H4tinF8yfO1eK+bDyE="></latexit>

�1.51  ⌘lab�  2.22

<latexit sha1_base64="CYn4Xw9YHx2UN/YsPMhZmCHxT5g="></latexit>

�CM = (Ee� � Ee+)/(Ee� + Ee+) = 3/11

<latexit sha1_base64="6AnBRTu5q30+XlqawjOaRbRkWlk="></latexit>

⌘CM
� = ⌘lab� + ln((1� �CM)/(1 + �CM))/2 )

<latexit sha1_base64="9FagiyJmj9av6MhbwIPrPvuK9jY="></latexit>

�1.79  ⌘CM
�  1.94

<latexit sha1_base64="dF//kPhmax82nuPjmZdAYkDPDvs="></latexit>

KL-muon detector angular coverage  25�  ✓labµ±  150� )

<latexit sha1_base64="uJcgDqhrpscZfKlVTR/PS88teMY="></latexit>

�1.60  ⌘CM
µ±  1.23

<latexit sha1_base64="W9pYct2mLV4iIQngjBZVWBV/4qs="></latexit>

*I. Adachi et al. [Belle II], Nucl. Instrum. Meth. A 907, 46-59 (2018)



BaBar search result and Belle II sensitivity to  
 A0 ! e+e�, µ+µ�, hh

The Belle II physics book, arXiv:1808.10567 

J. P. Lees et al. [BaBar Collaboration], Phys. Rev. Lett. 113, no. 20, 201801 (2014)
Belle II sensitivity is comparable to BaBar results for the same integrated luminosity



Calculating         in Belle IIAPN

<latexit sha1_base64="EK7QRUa6py1Vjq6fc4g7HkIIsBo=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRS0WXVjSupYB/QhDCZTtqhM5MwMxFKCPgrblwo4tbvcOffOGmz0NYDA4dz7uWeOWHCqNKO820tLa+srq1XNqqbW9s7u/befkfFqcSkjWMWy16IFGFUkLammpFeIgniISPdcHxT+N1HIhWNxYOeJMTnaChoRDHSRgrsw8zjSI8wYvAqDzJPcti6ywO75tSdKeAicUtSAyVagf3lDWKcciI0Zkipvusk2s+Q1BQzkle9VJEE4TEakr6hAnGi/GwaP4cnRhnAKJbmCQ2n6u+NDHGlJjw0k0VWNe8V4n9eP9XRpZ9RkaSaCDw7FKUM6hgWXcABlQRrNjEEYUlNVohHSCKsTWNVU4I7/+VF0jmru436+X2j1rwu66iAI3AMToELLkAT3IIWaAMMMvAMXsGb9WS9WO/Wx2x0ySp3DsAfWJ8/ztuVZA==</latexit>

CalcHEP version 3.7.5, A. Pukhov, A. Belyaev, and N. Christensen, 2019  

Assume a 5  detection of dark boson signature at 50 ab-1�

<latexit sha1_base64="F+NRONDsNYCQYoVsmu6ii3vc+No=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4Kkmptt0V3LisYB/QDiWTZtrYZDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSy4sQh9eLm19Y3Nrfx2YWd3b/+geHjUMSrRlLWpEkr3AmKY4BFrW24F68WaERkI1g2mV5nfvWfacBXd2lnMfEnGEQ85JdZJnYHhY0mGxRIqI4QwxjAjuHaJHGk06hVchzizHEpghdaw+D4YKZpIFlkqiDF9jGLrp0RbTgWbFwaJYTGhUzJmfUcjIpnx08W1c3jmlBEMlXYVWbhQv0+kRBozk4HrlMROzG8vE//y+okN637KozixLKLLRWEioFUwex2OuGbUipkjhGruboV0QjSh1gVUcCF8fQr/J51KGVfLFzfVUrO5iiMPTsApOAcY1EATXIMWaAMK7sADeALPnvIevRfvddma81Yzx+AHvLdP61OPXw==</latexit>

S = 5
p
B

<latexit sha1_base64="ixhyxzuCnmHR9LxjpEjKQU6i9no=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8hZ2QmOQghHjxGNE8YLOE2ckkGTL7cKZXCEs+w4sHRbz6Nd78G2eTCCpa0FBUddPd5UVSaLDtD2tldW19YzOzld3e2d3bzx0ctnUYK8ZbLJSh6npUcykC3gIBkncjxanvSd7xJpep37nnSoswuIVpxF2fjgIxFIyCkZybi3JP3ylIGrN+Lm8XbNsmhOCUkMq5bUitVi2SKiapZZBHSzT7uffeIGSxzwNgkmrtEDsCN6EKBJN8lu3FmkeUTeiIO4YG1OfaTeYnz/CpUQZ4GCpTAeC5+n0iob7WU98znT6Fsf7tpeJfnhPDsOomIohi4AFbLBrGEkOI0//xQCjOQE4NoUwJcytmY6ooA5NS1oTw9Sn+n7SLBVIqlK9L+XpjGUcGHaMTdIYIqqA6ukJN1EIMhegBPaFnC6xH68V6XbSuWMuZI/QD1tsnTIeRSw==</latexit>



Results



Detection significance and asymmetry parameter

�2 = 2
⇣
n ln(

n

w
) + w � n

⌘

<latexit sha1_base64="f5EX79X8Su4DVMl4ICtDac1lRg8="></latexit>

n: observed event number 
w: expected event number 

n=S+B, w=B     Detection significance 

Simultaneous fittings to                              · ⇠ > 0 and  · ⇠ < 0 event bins

<latexit sha1_base64="DkBujvhe9FRZr8zG0n+3y7VXJho=">AAACL3icbVDLSgMxFM3UV62vqks3wSK4KjOi6EKkKIjLCvYBnaHcyWTa0ExmSDLFMvSP3Pgr3Ygo4ta/MH0g2nogcDjn3pt7j59wprRtv1q5peWV1bX8emFjc2t7p7i7V1dxKgmtkZjHsumDopwJWtNMc9pMJIXI57Th927GfqNPpWKxeNCDhHoRdAQLGQFtpHbx1u1BkoBLglhj95Fd2djFmSsjDCIYGj7nX/74tE+FkbDPhBq2iyW7bE+AF4kzIyU0Q7VdHLlBTNLIzCAclGo5dqK9DKRmhNNhwU0VTYD0oENbhgqIqPKyyb1DfGSUAIexNM/sMFF/d2QQKTWIfFMZge6qeW8s/ue1Uh1eeBkTSaqpINOPwpRjHeNxeDhgkhLNB4YAkczsikkXJBBtIi6YEJz5kxdJ/aTsnJbP7k9LletZHHl0gA7RMXLQOaqgO1RFNUTQExqhN/RuPVsv1of1OS3NWbOeffQH1tc3ODmn+A==</latexit>

�2 = 2

✓
na ln(

na

wa
) + wa � na

◆
+ 2

✓
nb ln(

nb

wb
) + wb � nb

◆

<latexit sha1_base64="GPhfie4F5/N4dQ8DJ4HrhkILbTM="></latexit>

na,b = Sa,b +Ba,b

<latexit sha1_base64="gV25tCnlMbvhixD5t42k/Id6vcU=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFEJQhU9uxXQhFNy4r2ge0pWTStA3NZIYkI5ShG3/FjQtF3PoZ7vwb004FFT0Q7uGce7m5xws5UxqhDyu1sLi0vJJezaytb2xuZbd36iqIJKE1EvBANj2sKGeC1jTTnDZDSbHvcdrwRpdTv3FHpWKBuNXjkHZ8PBCszwjWRupm90Q3xife5PwmqccXSe1mc8gul1HBcSGyiwjl3bIh6DRfcl3o2GiGHJij2s2+t3sBiXwqNOFYqZaDQt2JsdSMcDrJtCNFQ0xGeEBbhgrsU9WJZwdM4KFRerAfSPOEhjP1+0SMfaXGvmc6fayH6rc3Ff/yWpHulzoxE2GkqSDJon7EoQ7gNA3YY5ISzceGYCKZ+SskQywx0SazjAnh61L4P6nnbadgF68LuUplHkca7IMDcAQccAYq4ApUQQ0QMAEP4Ak8W/fWo/VivSatKWs+swt+wHr7BB+sliA=</latexit>

(Sa + Sb = S, Ba +Bb = B)

<latexit sha1_base64="RcBVjL4hjkA9QOkOQTkG+9Kcbc8=">AAACAXicdVDLSgMxFM34rPVVdSO4CRahogyZ2o7tQih147JS+4C2DJk0bUMzD5KMUIa68VfcuFDErX/hzr8xfQgqeiBw7jn3cnOPG3ImFUIfxsLi0vLKamItub6xubWd2tmtyyAShNZIwAPRdLGknPm0ppjitBkKij2X04Y7vJz4jVsqJAv8GzUKacfDfZ/1GMFKS05qP1N18EnVcS+qp7ANy7oo66J87KTSyCwWUc6yITLzCGXtoiboLFuwbWiZaIo0mKPipN7b3YBEHvUV4VjKloVC1YmxUIxwOk62I0lDTIa4T1ua+tijshNPLxjDI610YS8Q+vkKTtXvEzH2pBx5ru70sBrI395E/MtrRapX6MTMDyNFfTJb1Is4VAGcxAG7TFCi+EgTTATTf4VkgAUmSoeW1CF8XQr/J/WsaeXM/HUuXSrN40iAA3AIMsAC56AErkAF1AABd+ABPIFn4954NF6M11nrgjGf2QM/YLx9AtRTlJc=</latexit>

APN = (Sa � Sb)/(Sa + Sb)

<latexit sha1_base64="so1ivIc/Tztv8Kzg5ojHZ0pJt78="></latexit>

Detection significance 
Sp
B

q
1 +A2

PN · �

<latexit sha1_base64="8v7KvD53F3ECcBXdA/5DQV0VQVM="></latexit>

Sp
B

· �

<latexit sha1_base64="OlaCsFGzBRNAQ+y/28yoWYi9fow=">AAACB3icdVBNS8NAEN34bf2qehRksQieSlaqbW9FLx4VbSs0oWw2m7q4+XB3IpSQmxf/ihcPinj1L3jz37hpK6jog4HHezPMzPMSKTTY9oc1NT0zOze/sFhaWl5ZXSuvb3R0nCrG2yyWsbr0qOZSRLwNAiS/TBSnoSd517s+LvzuLVdaxNEFDBPuhnQQiUAwCkbql7edQFGWneeZo28UZEd57jA/BuxoMQhpv1yxq7ZtE0JwQUj90Dak2WzskwYmhWVQQROc9svvjh+zNOQRMEm17hE7ATejCgSTPC85qeYJZdd0wHuGRjTk2s1Gf+R41yg+DmJlKgI8Ur9PZDTUehh6pjOkcKV/e4X4l9dLIWi4mYiSFHjExouCVGKIcREK9oXiDOTQEMqUMLdidkVNMGCiK5kQvj7F/5POfpXUqgdntUqrNYljAW2hHbSHCKqjFjpBp6iNGLpDD+gJPVv31qP1Yr2OW6esycwm+gHr7RNUL5pB</latexit>



Numerical results with Belle II detector angular 
coverage 

Cross section* for QED background 
with photon and muon rapidity ranges and ~5 MeV  
energy resolution for the invariant mass 

Assume a 5    detection of dark boson signature at 50 ab-1 
                           

e+e� ! �µ+µ�

<latexit sha1_base64="4BNtT8mgCSf25IjWkETfAgDGMbk=">AAACBHicdVBPSwJBHJ21f2b/rI5ehiQIItkRS70JXToapAauyuz40wZndpeZ2UDEQ5e+SpcORXTtQ3Tr2zSrBhX1YIbHe78fM+/5keDauO6Hk1paXlldS69nNja3tneyu3tNHcaKQYOFIlTXPtUgeAANw42A60gBlb6Alj86T/zWLSjNw+DKjCPoSDoM+IAzaqzUy+agewzdE8+E2BtSKSn2ZNw9Tq6TXjbvFlzXJYTghJDymWtJtVopkgomiWWRRwvUe9l3rx+yWEJgmKBat4kbmc6EKsOZgGnGizVElI3oENqWBlSC7kxmIab40Cp9PAiVPYHBM/X7xoRKrcfSt5OSmhv920vEv7x2bAaVzoQHUWwgYPOHBrHANnLSCO5zBcyIsSWUKW7/itkNVZQZ21vGlvCVFP9PmsUCKRVOL0v5Wm1RRxrl0AE6QgSVUQ1doDpqIIbu0AN6Qs/OvfPovDiv89GUs9jZRz/gvH0CSoeXQQ==</latexit>

Mµ+µ�

<latexit sha1_base64="B1/BoLOIn68MiOFCyffNTigIU+w=">AAAB9XicdVDLSgMxFM34rPVVdekmWARBLEmptt0V3LgRKtgHtNOSSTNtaDIzJBmlDP0PNy4Uceu/uPNvzLQVVPTAvRzOuZfcHC8SXBuEPpyl5ZXVtfXMRnZza3tnN7e339RhrChr0FCEqu0RzQQPWMNwI1g7UoxIT7CWN75M/dYdU5qHwa2ZRMyVZBhwn1NirNS77iddGfdO03Y27efyqIAQwhjDlODyBbKkWq0UcQXi1LLIgwXq/dx7dxDSWLLAUEG07mAUGTchynAq2DTbjTWLCB2TIetYGhDJtJvMrp7CY6sMoB8qW4GBM/X7RkKk1hPp2UlJzEj/9lLxL68TG7/iJjyIYsMCOn/IjwU0IUwjgAOuGDViYgmhittbIR0RRaixQWVtCF8/hf+TZrGAS4Xzm1K+VlvEkQGH4AicAAzKoAauQB00AAUKPIAn8OzcO4/Oi/M6H11yFjsH4Aect09k+pJ2</latexit>

⇠ 7.76⇥ 10�2 pb

<latexit sha1_base64="2Z88lNrAWNhbVcHhvOgyTXAsSJk="></latexit>

�

<latexit sha1_base64="F+NRONDsNYCQYoVsmu6ii3vc+No=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4Kkmptt0V3LisYB/QDiWTZtrYZDIkGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSy4sQh9eLm19Y3Nrfx2YWd3b/+geHjUMSrRlLWpEkr3AmKY4BFrW24F68WaERkI1g2mV5nfvWfacBXd2lnMfEnGEQ85JdZJnYHhY0mGxRIqI4QwxjAjuHaJHGk06hVchzizHEpghdaw+D4YKZpIFlkqiDF9jGLrp0RbTgWbFwaJYTGhUzJmfUcjIpnx08W1c3jmlBEMlXYVWbhQv0+kRBozk4HrlMROzG8vE//y+okN637KozixLKLLRWEioFUwex2OuGbUipkjhGruboV0QjSh1gVUcCF8fQr/J51KGVfLFzfVUrO5iiMPTsApOAcY1EATXIMWaAMK7sADeALPnvIevRfvddma81Yzx+AHvLdP61OPXw==</latexit>

⇠ 2.48⇥ 10�2 pb

<latexit sha1_base64="XuWaXQ5aTJxX1PFbw9xSxIpnnN8="></latexit>

S = 9850, B = 3.88 · 106

<latexit sha1_base64="7U1zEE29DrVyaOw2NC7LkbEk7VI=">AAACA3icdVDLSgMxFM34rPU16k43wSK4kJLUPqaLQtGNy4r2AW0tmTRtQzMPkoxQSsGNv+LGhSJu/Ql3/o2ZtoKKHrhwOOde7r3HDQVXGqEPa2FxaXllNbGWXN/Y3Nq2d3ZrKogkZVUaiEA2XKKY4D6raq4Fa4SSEc8VrO4Oz2O/fsuk4oF/rUcha3uk7/Mep0QbqWPvX5WKTg6dwBY8K52mHadFu4GGGN3kO3YKpRFCGGMYE1zII0OKRSeDHYhjyyAF5qh07PdWN6CRx3xNBVGqiVGo22MiNaeCTZKtSLGQ0CHps6ahPvGYao+nP0zgkVG6sBdIU76GU/X7xJh4So0813R6RA/Uby8W//Kake457TH3w0gzn84W9SIBdQDjQGCXS0a1GBlCqOTmVkgHRBKqTWxJE8LXp/B/UsukcTadu8ymyuV5HAlwAA7BMcCgAMrgAlRAFVBwBx7AE3i27q1H68V6nbUuWPOZPfAD1tsn426UhA==</latexit>

S = 5700, B = 1.30 · 106

<latexit sha1_base64="DlvOpt7LTjuHlOLc6vI/ttd99Q4=">AAACA3icdVDLSgMxFM34rPVVdaebYBFcSElqn4tC0Y3LivYBnbFk0rQNzTxIMkIpBTf+ihsXirj1J9z5N2baCip64MLhnHu59x43FFxphD6shcWl5ZXVxFpyfWNzazu1s9tQQSQpq9NABLLlEsUE91ldcy1YK5SMeK5gTXd4HvvNWyYVD/xrPQqZ45G+z3ucEm2kTmr/qpIvInQCbXhWwZlTZNNuoCFGN4VOKo0yCCGMMYwJLhaQIeVyKYtLEMeWQRrMUeuk3u1uQCOP+ZoKolQbo1A7YyI1p4JNknakWEjokPRZ21CfeEw54+kPE3hklC7sBdKUr+FU/T4xJp5SI881nR7RA/Xbi8W/vHakeyVnzP0w0syns0W9SEAdwDgQ2OWSUS1GhhAqubkV0gGRhGoTW9KE8PUp/J80shmcy+Qvc+lqdR5HAhyAQ3AMMCiCKrgANVAHFNyBB/AEnq1769F6sV5nrQvWfGYP/ID19gm8DpRr</latexit>

mZd = 0.5 GeV

<latexit sha1_base64="RxBn2eIxDRg91u0CgPYrWX0desk=">AAACAHicdVBNSwMxEM3Wr1q/qh48eAkWwVNJSmvbg1DwoMcKthXbsmTTtA1NdpckK5RlL/4VLx4U8erP8Oa/MdtWUNEHA4/3ZpiZ54WCa4PQh5NZWl5ZXcuu5zY2t7Z38rt7bR1EirIWDUSgbjyimeA+axluBLsJFSPSE6zjTc5Tv3PHlOaBf22mIetLMvL5kFNirOTmD6Qb37qD5AwVK7AH456S8IK1EzdfQEWEEMYYpgRXT5El9XqthGsQp5ZFASzQdPPvvUFAI8l8QwXRuotRaPoxUYZTwZJcL9IsJHRCRqxrqU8k0/149kACj60ygMNA2fINnKnfJ2IitZ5Kz3ZKYsb6t5eKf3ndyAxr/Zj7YWSYT+eLhpGAJoBpGnDAFaNGTC0hVHF7K6Rjogg1NrOcDeHrU/g/aZeKuFysXJULjcYijiw4BEfgBGBQBQ1wCZqgBShIwAN4As/OvfPovDiv89aMs5jZBz/gvH0CDSiVbw==</latexit>

mZd = 2.0 GeV
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1.5 MeV to 8 MeV  
energy resolution taken 
in BaBar analysis

*CalcHEP version 3.7.5, A. Pukhov, A. Belyaev, and N. Christensen, 2019 
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for Mµ+µ� ' 0.5 GeV



Summary on asymmetry parameters, event 
numbers and detection significance



Conclusions

• We have discussed the search for dark boson with the process 
e+e- —> Zd+gamma in the e+e-  collider 

• The dark boson is shown to be transversely polarized when the 
dark boson mass is much less than the CM energy 

• We analyze the muon angular distributions from polarized Zd 
decays and define the asymmetry parameter          which is 
proportional to the square of parity violation parameter    

• We calculate the asymmetry parameter with Belle II detector 
angular coverage and discuss its consequences on the dark 
boson search.   

APN
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⇢ ⌘ 4gl,V gl,A.
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