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Motivation

 Properties of Z boson are fundamental

parameters and could provide stringent tests of
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« Develop data-taking strategy to maximize the
performance & to optimize the design.
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Theoretical framework
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Theoretical framework

* Main process: e'e” —ff around Z pole 1/

* In lowest order & neglecting the fermion masses :
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https://link.springer.com/article/10.1007/s100520100627

Theoretical framework

~10° =
"8- % — Total
* Integrated over the angular space N \ ST
SFQ g g -'— v exchange
Z_eXChange term : O_fo = O'fQ Z 2 3L / ------ Y/Z interference
' (s — MZ)* + IZMZ° - TN
Q & / .
1O e ey .
127T FCCFff C%ZNC (MZ2GF> e E B e . -'_""“-‘—-—:—:‘:‘:
Or =322 = 10
MZ FZ o7 FZ £
1= . .. H e H e T T
* Forward-backward asymmetry AFB: 50 60 70 80 90 100 110 120 130 140 150
_ 9% 0p
AFB - o.+o 350i<103
F B & r — Born-level
S40; /"\ ISR
o 8 L
ISR 2300 3
1—sm/s § - /,"l “\
b ©20 !
oF (8) = /0 dro(s(1 —x))F(z,s) : i \
10 "/
g 4
% 85 90 95 100 105 _ 110
s (GeV)

2021 CEPC Workshop, 8-12, November, Nanjing 6



Theoretical framework

. e 0 S S i _ S a S a
o = 0 (Mz, 17, 0haq, C7z, Cyz) . Ar = Ars(Mz, I7, C77, C77, Cyz, Cy7)

. 0 S a ] a
* Parameterset:. M, I, o, C,, Cp C,, C Ref: Eur.Phys.J).C 19 (2001) 587-651

* Parameters can be obtained by fitting to the N, (O-ff;A%«!B)

e Use toy MC to generate N, and perform x? fits to evaluate the uncertainties
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https://link.springer.com/article/10.1007/s100520100627

Statistical and systematic

uncertainties
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Statistical and systematic uncertainties

 Statistical uncertainties
»For single data point:

»Cross-section : \j ,
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Statistical and systematic uncertainties

Statistical uncertainties
» For two data points or more:
> The x? defined as (§ = N or Agp):

i i 2
X2 - Z (gmeas fth)

52
F 1
* Covariance matrix calculated :
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Statistical and systematic uncertainties

* Systematic uncertainties

OSources of systematic uncertainties that we have studied:
og, AE, Aog, AL

Oorz beam energy spread :
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Statistical and systematic uncertainties

* Systematic uncertainties

» 0 beam energy spread
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Statistical and systematic uncertainties

Systematic uncertainties
* Assume that E, oy subject to normal distribution:

E = G(Eo,4E). og = G(og, Aog)
* Effect of AE, Aog can be considered by
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Statistical and systematic uncertainties

Systematic uncertainties
* Effect of AE, Aog on AMy;
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Statistical and systematic uncertainties

Systematic uncertainties
* AL : Uncertainty of integrated luminosity
* AO_ due to AL Nobs - kao Nmeas

O meas o e F
AaAL) = e

* The uncertainty of a parameter P:
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* Omeas AE

* |[n the simulation (uncorrelated)
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Data-taking strategy
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Data-taking strategy

* An optimization problem, a single purpose optimization is favored
* Global Determinant Parameter (GDP)

* For n parameters, GDP defined as the determinant of the covariance matrix raised
1
to the ~,. power,

GDP = “Vdet Cov

* Here, GDP serve as an object parameter for optimization
Ref: JHEP 2017, 14 (2017).

* Tofocuson M, r, s, ,a transformation of weight performed

C=VCV?! V =diag(5, 5, 3, 1, 1, 1, 1)
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https://link.springer.com/article/10.1007/JHEP09(2017)014

Data-taking strategy

* Energy points selection

* Luminosity allocation

Vs (GeV) )8 Vs (GeV) i Vs (GeV) L
E, =84.6 L Eg =904 L FEqg =932 Lo
Ey =85.6 Lo E; =91.2 L Ey, =943 L1
E3; =879 L3 Es =92.0 Lsg FEi =953 Lo
Ey = 88.7 L Eq =92.5 Ly FEy3 =96.2 L3
Es =89.9 L5

= Total integrated luminosity £ = 8ab™?!

= At E;, =91.2 GeV (Z pole) £- = 60% - L
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Data-taking strategy

* Luminosity scan on E~ (Z pole) : smaller fraction favored
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Data-taking strategy

* Luminosity scan on off-peak energy points
* Luminosity distribution is in the form of geometric series with common ratio 7ym
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Data-taking strategy

* A preliminary data-taking scheme

V5 (GeV) L(ab™') /s5(GeV) L(ab!) /s(GeV)  L(ab™})
E,=846 L;,=00 E;=904 L;=050 F; ;=932 L;,0=0.25
E;=86 L,=013 FE; =912 L,=500 FE; =943 L;; =0.18
FE3=879 L3=018 Fzg=920 Lsg=050 F;5=953 L;5=0.13
E;=887 L£4=025 FEy=925 Lg=035 FEi3=962 L;3=0.09
Es =809 Ls=0.35
* Uncertainties
Parameter (5stat 5t0ta1

M7 (KeV) 7 66

I7 (KeV) 13 126

Ul?ad (pb) 0.09 1.73

(ISR effect not considered due to technical problems)
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Summary & Outlook
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Summary & Outlook

« Summary:

« The precise measurement of Z boson resonance parameters studied with toy MC
« Statistical and some important systematic uncertainties investigated

« A very preliminary data-taking scheme is provided

« Outlook:

« Take ISR effect & other radiative corrections into account

« A more comprehensive study on various sources of uncertainties

« New parameter scheme with less members

« More efficient way to perform optimization, genetic method ...
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* Configurations:

Parameter Value
M, (GeV) 91.1876 £+ 0.0021
I'7 (GeV) 24952 4 0.0023
BR.. (%) (3.3632+0.0042)
B Ryaq (%) (69911 £ 0.056)
sin’ O 0.23122(4)
L (ab™h) 8
é 0.9
o (%) 0.08
AFE (MeV) 0.1
Acg (MeV) 0.4
AL(%) 0.05
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* [SR:
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Backup
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Backup

* Analytical way to consider the effect of o, AE, Aoy

* Taylor expansion of cross-section
0 (E) = o (Eo) + 228 (E - By)

dE
— E—FE
2dE2( o) +

Ld"og
w.dEP

* Perform the convolution

(E—Ep)" +...

o Eo, o) = / o5(E')G(Eo, 0%)dE

1 Pog 502
2dE?F

O (EOv ‘7%) = o5 (Eo) +
ldiog 44
t 3 dELOF
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* Uncertainty caused by Og
1 d?05
AO—ff (E(),O'%) = 5%0’%2
AP(0}) = | 7 Ag (Ep,0})
ff
. 0P 1(120'ff 02
~ |90z 2dE2°E
* Uncertainty caused by AE
OP 0Oog
AP(AE) = |— - ZZ| AE
( ) aaf; OE

* Uncertainty caused by Adog

o
aO'ff OO'E
é)P d20ff 0
el O'E
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PARAMETER CORRELATION COEFFICIENTS
NO. GLOBAL 1 2

.29059 .000 -0.080 0.

.85195 .080 1.000 -0.

(%)

%)

©.34935 .028 -0.349 1.
0.84771 .094 0.846
©.17363 .141 ©.025
0.19692 .001 ©.151
0.25487 .226 ©.005
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