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– baseline L=1.6 X 1035 cm-2s-1 , Solenoid =2T, 3X1011 Z boson, two years

– L= 3.2 X 1035 cm-2s-1 , Solenoid =3T �6X1011 Z boson

– Assuming Z cross section with ISR correction : 32 nb
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66 G#E!F#C&: F�7B M �-�� D&7B
• 66 G#E!F#C&: F�7B E.BB>B" DECDCF7&

– )FF.A>B" CB! K!7E :7G7 G7%>B" >B 66 G#E!F#C&: ���� 7����

– .C.E !B!E"K F�7B DC>BGF


• �
��
� ����
� ����
� 6 A7FF� 6 0>:G# A!7F.E!A!BGF�

• ����� �!5 �⍺4�, �A6� A!7F.E!A!BG� �E �6�(#7:� � �02 L5�FL�

• �	2 66 !/!BGF >B GCG7&

– 	�� G>A!F &7E"!E G#7B 1-�� �CAD7E>B" 66 E.BF

Ecm (GeV) Lumiosity
(ab-1)

Cross section (pb) Number of WW pairs
(M)

157.5 0.5 1.25 0.6

161.5 0.2 3.89 0.8

162.5 1.3 5.02 6.5

172.0 0.5 12.2 6.1
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Z mass measurement 
0 ����<62'C&6<6#B����
���	��. �  ����60
0 �����%$''9�!6�7$2!�� ����60

/ 1�B8&6'8$!5�'�2#�&C#'�9'�#66565�B$�2�896*6�8978�%&6�9'9$#�
/ �E'B C#�6&B29#BE��G ����60

0 
62<�6#6&7E�C#�6&B29#BE�9' <2:$& 'E'B6<2B9�'
/ .6'$#2#B 56%$!2&9,2B9$# 2%%&$2�8 �E ��� à � ���60
/ �C<9#$'9BE 'E'B6<2B9�' à � �� �60

–
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Z mass measurement �2�
0 �,BC *$��'C2�$C,
�.��	���.

1 ��2#��$�'�,�*$��'C2�$C,��B #2:%' B,BC�#2C��B
0 ,�B%$2$C 5�&%<2'�-2C�%$ 2&&'%2�� �, )(� 0�1 à ���	��.
0 
%#&C%$��2�!B�2CC�'�$� 0�1 à �.	 ��.
0 ,25�2C�%$ '�C*'$ � ��// ! �E�$CB à �.	��.
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Systematics source LEP CEPC

Photon trigger and Identification 
efficiency 

~0.5% <0.1%

Calorimeter energy scale 0.3~0.5% <0.2%
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1�,�� 1�)�%*�C!I$E:��

1�B!FIE* � 1�&!I %*�C!I$E:�%
Arxiv:Hep-ex/0107033

Backward-forward asymmetry 

Arxiv:
Hep-ex/0403041
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Improvement compared to LEP results CEPC

AFB (Z->ee) ~30
AFB (Z->μμ) 20-30
AFB (Z->!!) NA
AFB (Z->bb) ~10

Weak mixing angle ~70
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Beam energy uncertainty

Ø In our work, the beam energy is thought to follow Gaussian 
distribution, and the total energy is:

! = # !$%, Δ! + #(!$*, Δ!)

Ø The sampling method is used to obtain the ΔM-(Δ!)
1000 samplings for 

each result
Get the distribution of 

fit ./
Obtain the Δ./ by 

fitting the distribution



Beam energy uncertainty (fixed !")

E(GeV) 155.0 155.5 156.0 156.5 157.0 157.5 158.0 158.5 159.0 159.5 160.0 160.5 161.0 161.5 162.0 162.5 163.0 163.5 164.0 164.5 165.0

Δ$
(MeV)

0.36 0.37 0.36 0.36 0.35 0.36 0.37 0.37 0.37 0.36 0.36 0.35 0.38 0.36 0.34 0.35 0.38 0.37 0.37 0.37 0.39

Input for 161GeV Out put for 161 GeV The distribution of Δ$

Numerical results  of Δ$ with different energies (the Δ% is fixed)



Beam energy uncertainty (fixed !)

"#
(MeV)

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0

Δ%
(MeV)

0.08 0.14 0.21 0.30 0.35 0.43 0.49 0.61 0.68 0.71 0.80 0.83 0.87 0.94 1.08 1.21 1.28 1.29 1.31 1.39

Numerical results  of Δ% with different Δ& (the energy is fixed)

Input for 161GeV Out put for 161 GeV The distribution of Δ%



Beam energy spread
Ø With the beam energy spread !"#, the $%% becomes:

Variations of the $%% with different beam energy spread

The fitted &% with energy spread of 2 ⋅ 0.16%, 
and the uncertainty of the spread is 1%



Beam energy spread

Ø In slide 5, the fit result of  Δ"# in the right plot is about 
0.14MeV.

Ø We also use Paolo’s formula to check it: 

Here, $% is the absolute energy spread and & is the relative energy spread.
We can see the two results are consistent within the fit error.



Summary and next to do
Ø We reached an agreement on the studies of the uncertainties from 

energy and energy spread during the last discussions;

Ø We also have the same opinions about the effects of the correlated 
systematic uncertainties (the luminosity, detection efficiency, 
backgrounds..);

Ø We will have further discussions about how to consider the 
correlated systematic uncertainties during the optimization of the 
data taking.
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• df
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Theory development
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Time walk Vs power consumption in pixel
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• Method 1: Soft lepton from b/c decay  (~2%)

– Select one lepton from b/c decay, and one b jets 
– Select  lepton charge (Q_lepton) and jet charge (Q_jet) 

• Method 2: jet charge method using Inclusive b jet  (~1.2%)
– Select two b jets 
– use event Thrust to define the forward and background  
– Use jet charge difference (Q_F - Q_B)

32

Q_F - Q_B in method 2

Q_lepton - Q_jet in method 1

Arxiv:Hep-ex/0107033

Backward-forward asymmetry 

Arxiv:
Hep-ex/0403041
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Backward-forward asymmetry 
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• Calorimeters: 

– Concept of Particle Flow Algorithm (PFA) based
– EM calorimeter energy resolution: σE/E ~ 0.16/√E
– Had calorimeter energy resolution: σE/E ~ 0.5/√E
– Expected jet energy resolution : σE/E ~ 0.3/√E

35
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Jet2_cos!
Jet1_cos!
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Energy
(GeV)

Systematics Statistics uncertainty limiting factor

W mass 1MeV

Beam energy

1.0 MeV /

W width 1 MeV 3.2 MeV Statistics

Br (W->had)

&

⍺QCD (mW)

10-4 10-4 /
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Improvement compared to LEP results CEPC FCC-ee
(Paolo’s talk in CEPC Roma
workshop)

AFB (Z->ee) 30 50

AFB (Z->μμ) 20-30 30

AFB (Z->!!) NA 15

AFB (Z->bb) 10 5

Weak mixing angle 70 100
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