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Motivation

• Large statistics for the heavy hadron ( ) 
meanwhile clean background.


• Free from strong interaction and not affected by non-
factorizable corrections thus theoretically cleaner compared 
to  transitions (exist multiple anomalies)


• Verify the SM mechanism and provide opportunity to explore 
new physics.


• Performance some benchmark of simulation at CEPC 
(charged lepton identify, vertex reconstruction, energy and 
momentum resolution).

Bs, Bc, Λb…

b → sℓℓ
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The effective Hamiltonian for  transitions in the SM readsb → sνν̄

Physics of b → sνν̄

Beyond the SM, a second operator can appear in the effective low-energy 
Hamiltonian

R(
CL

CR
)
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Relation between BSM and SM for inclusive branch



 determines the kinematic distribution of φ → K+K− decays as FL

where θ ∈ [0,π) is the angle between the K+ and Bs flight directions in the φ 
rest frame 

FL,SM = 0.53 ± 0.04

By the calculation of LingFeng, which take both theoretical uncertainties and 
their correction into consideration 

BR (Bs → ϕνν̄)SM
= (9.9 ± 0.7) × 10−6



The Signal Topology
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Number of signal decay by SM prediction at 
CEPC : 


             N(Bs → ϕνν̄) ∼ 3.0 × 105

• The signal-hemisphere choice and  
reconstruction 


• The kinematics of  and other final state (charge 
lepton)


• The kinematics of missing states


• BDT method of TMVA

ϕ

ϕ

The analysis strategy
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 reconstructionϕ
Reconstruct the decay 

•

• Take oppositely charged tracks pair in the jet chamber


• Employ the kinematic fit package for ILC to reconstruct the secondary vertex 


• Form their invariant mass window


                                                 GeV

ϕ(1020) → K+K−

Br(ϕ → K+K−) = 49.2 %

|Mtrk1,trk2 − Mϕ | < 0.01

The φ reconstruction efficiency and purity are defined to reflect the results

ϵ =
Number of correctly selected track pair candidates

Number of ϕ → K+K− events
p =

Number of correctly selected track pair candidates
Number of selected track pair candidates



8

(GeV)φE
0 5 10 15 20 25 30 35 40

 N
or

m
al

iz
ed

 E
nt

rie
s

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2
φ →Jets
φ→ D→B

φ→B
ννφ→sB

 at signal-hemiφLeading 
b b→Z

In the  analysis 


•  in signal-hemisphere


• Leading energy one

Bs → ϕνν̄

ϕ

 reconstructionϕ

Integrated efficiency and purity are ,  0.985 0.756

Mass distribution of reconstructed  ϕ

Further requirements for signal φ : 1) 
Located at the signal hemisphere. 2) The 
impact parameters of both Kaon pair tracks 
are larger than 0.01 mm. 3) The distance of 
φ decay vertex to interact point(IP) is larger 
than 0.4 mm. 



• The total energy


• Missing energy

    a). In the signal-hemisphere, the  energy 
ratio. ( )


    b). The missing energy ratio in the signal-
hemisphere. (  and )


     c). The direction that missing momentum 
 


     d). The correctional signal energy of  
and mass of 

ϕ
α1 = Eϕ/Esig

α2 = Esig/Ebeam Easymmetry

i . e . (1 − α1)/θ<Pϕ,Pmiss>

Bs
νν̄

Kinematics of νν̄
Indirect measurement by the full reconstruction
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Samples satisfy ,  GeV and  Nϕ > 0 Eℓ < 1 α < 1.0



Missing Energy Resolution

δEmiss

Emiss
=

EReco
miss − EGen

miss

EGen
miss

=
E

s − E
(

a

E
⊕ b)

δE
E

=
a

E
⊕ b

Resolution: Fit by double-side crystal ball function 



Analysis of  Systemνν̄
A correctional signal  energy and invariant mass of   Bs νν̄

⃗P Bs

IP

Vertex of ϕ

 (flight length )ϕ ≃ 0

Signal-hemisphere

Best choice : Fit the signal  mass

• No good method to fit by the only  information

• No good resolution for missing momentum v.s.  

momentum

Alternative way :

• Use the truth  mass to deduce other variables in 

this algorithm

Bs

ϕ
νν

Bs
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Replace  in the above equation by  and get a more precise  and 

Repeat this process any times until get a good results

Ebeam Esig EBs
Mνν

 GeV5.367



Analysis of  Systemνν̄

The typical reconstruction error for  and   are 2.5 GeV  and 1.7 GeV, 
respectively.

q2(m2
νν) EBs

2
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Directly  by 

 

and


  : 
Error = 

q2 = p2
miss

pmiss = ( s, ⃗0 ) − pvis

EN
Bs

= s − Etotal + Eϕ

5.1 GeV

Signal q2 Bkg q2

GeV GeV

Any strategy to improve the missing momentum resolution ?



Cut chain and result
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b → Bs → D(D*)X, D → ϕℓνX Bs → ϕνν

The semi-leptonic decay background performance

c → D → ϕℓνX

Always companied charged lepton produced in the signal-hemi,  
benefit from the optimism for the low energy lepton identify?

Charged lepton (muon and electron) identify by DanYu.
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The φ longitudinal polarization 
fraction  to be FL,SM

0.53 ± 0.04 (SM) ± 0.04 (reco)



Summary
• By  Z decay, CEPC will produce   and 

 signals ( ) by SM prediction


•  Statistics : More than  higher order compared to current 
measurement


• Expected accuracy

 About  for the branch ratio


• φ longitudinal polarization fraction  measurements


• Potential optimization and detector requirement.

• Charged lepton identify at low energy region (  GeV )

• The missing energy and momentum resolution : are largely determined by the 

hadronic final states


•  Study of the flavor rare decay processes of ,   and  at CEPC are 
expected

1012 1.5 × 1011 bb̄

3.0 × 105 Bs → ϕνν̄

Bs 5

1.34 %
FL,SM

FL = 0.53 ± 0.04 (SM) ± 0.04 (reco)

< 1.2

Bs Bc Λb
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End


Thanks



Luminosity and Statistics
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Huge�B�flavor�physics�potential�of�Tera-Z,�especially� �,� �and� �…�Bs Bc Λb

        :  ~ 

        :  ~ 


   :  ~

Z → bb̄ 1.5 × 1011

Z → cc̄ 1.2 × 1011

Z → τ+τ− 3.37 × 1010

Provides unique opportunities 
for various flavor measurements 

CEPC scheme



 is the energy of signal-hemisphere 
and 
Esig

vis
Ebeam = 45.6 GeV

Define the scaleless variables   and   α1 =
Eϕ

Esig
vis

α2 =
Esig

vis

Ebeam

18

Events Analysis By ϕ
Now, we have a leading  with its momentum and vertexϕ

 and  show the strong 
correlation via missing 
energy, signal-hemi energy 
and  energy.

α1 α2

ϕ

  backgroundbb̄ Signal events

Significant difference of  
distribution  for background 
and signal events.

α2 − α1



Loose boundary defined by





The accuracy of  depend on the 
energy resolution (about in 
CEPC baseline full simulation)

α =
α2

α1
=

(Esig
vis )2

Eϕ ⋅ Ebeam
= 1.0

α
4 %
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Events Analysis By ϕ

Mostly background (more than ) 
could be rejected

Amount of remain background still be 
large compared to signal

99 %



Charged Lepton Identify

No charged lepton generated in the signal hemisphere for signal decay 

Main background usually generated accompanied with a charged lepton

Charged lepton (muon and electron) identify by DanYu.
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Analysis

Good performance 
for the charged lepton 
as the energy larger 
than  GeV1

Samples satisfy  and Nϕ > 0 α < 1.0





The Background 
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At CEPC, with   events, the expected advance?

• More than 5 higher order magnitude of luminosity than current limit (  

) 


• At least 2-3 order optimization for the branch limit


• Test the SM prediction precisely

1.5 × 1011 bb̄
2.844 × 106

e+e− → Z

General background

• The  events especially the heavy-flavor  and  


•  full simulation samples for each channel

qq̄ bb̄ cc̄
106 ∼ 107

Main background

• The semi-leptonic decay of  or  decay


 :   with  

• One or more  produced and decay to  pair


• Significant missing energy 


• Full simulation samples generated corresponding to ~  for each 
heavy-flavor channel

B(*) D(*)

bb̄ b → B(B*) → D(D*)ℓνℓ D(D*) → ϕX
ϕ K+K−

3 × 108

Generator : CEPC official - whizard-1.9.5

Light-flavor are suppressed by 
flavor tagging
> 99 %


