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Motivation

* Properties of Z boson are basic parameters of

nature and could provide stringent tests of the
Standard Model.
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* Possible new physics beyond the SM might be
revealed through the subtle changes of
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* Develop data-taking strategies to make good 50760 70 80 0 100 110120 130 140 150
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use of the performance of future colliders &
provide reference for CEPC design.
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Theoretical basis & Methodology
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Theoretical basis & Methodology

* Main process: e'e —»ff at ~91 GeV iz

* In lowest order & neglecting fermion masses :

25 dog 2 2 2
= 1
wN.dcosé Q¢ (1 + cos™0)
+ 8Re {aQpx*(s) | C2,(1+ cos® ) + 2C%, cos ) 1}
+ 16]x(8)|* [ C32(1 + cos®8) +8C3, cosb |
with
(S) . GFM22 S
X = /2 s — M2+ M Iy
Clz = Gvegvr Clz = GacYar Eur.Phys.).C 19 (2001) 587-651
C7 = (Gve + 9ae) (G + Gar) C77 = Gvegaegvigas -
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https://link.springer.com/article/10.1007/s100520100627

Theoretical basis & Methodology

* Integrated over the full angular space: ol S
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Theoretical basis & Methodology

. _ 0 S S ln __ S a S a
og = 0 (Mz, 17, 0naq, Cz7, Cyz)  Avg = Aps(Mz, Iz, C77, C77, Cyz, Cl7)

. 0
* Parameter set: M, I', o, C;, C3, C, C, Eur.PhysJ.C 19 (2001) 587-651

* Parameters can be obtained by fitting the Nobs(aff,A%lB) with the theoretical result.

* Focusing on uncertainties, we use toy Monte Carlo method to generate N,ps and
perform x? fits to get the uncertainties of measured parameters.
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https://link.springer.com/article/10.1007/s100520100627

Statistical and systematic

uncertainties

2022 CEPC Workshop, 23-25, May, Beijing
Online&Offline



Statistical and systematic uncertainties

« Statistical uncertainties 5
* For single data point: Zooe ey || s Gey
* Cross-section :
o™~ -
orons = Nobs - kag _ Nmeas s 89 90 ?g(GeV%4
eL eL o
2
=0.08 —
* Nieas SUbject to Poisson distribution Coos =M, 176Gy 176 Gev
Agmeas(Stat) - L\;n:leas 002%\;— — |
%;3 - ‘8|9‘ - ‘9‘0| - I§1 h ‘9‘2‘ h ‘9‘;3‘ - ‘94
. . . , s (GeV)
* Statistical uncertainty of a parameter P: s "
AP(stat) = afias A peas(stat) = 821;as ) ATieas(stat) = 1\\ _ /,/
05| \—/
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Statistical and systematic uncertainties

* Statistical uncertainties
* For two data points or more:
2 ' — :
* The y* defined as (¢ = N or Agp):
i 1 \2
2 E : (gmeas T é-th)
7 i
* Covariance matrix calculated by MINUIT:
B aZXQ 82X2 82X2 aZXQ 82X2 82X2 82X2 -1
EIVE; OMOT;  OMzdoh,  OMzOCy,  OMzICE,  OMIC%,  OMzICS,
82X2 82X2 82X2 82X2 82X2 62X2 82X2
IMZ0T7 arz Olzdoly  T0Cy,  I;0Cy,  9I7AC%,  BI79C%,
32X2 82X2 82X2 32X2 82X2 62X2 82X2
OM, Zaal?ad al; Zaagad 301?3(12 aa]g’adac;z aaﬁ)adac%z aal?adaCffZ 8a§adac;Z
G . 82X2 82X2 82X2 82X2 82X2 82X2 82X2
| 9MzOCy, 9I70C5, 950 dC%, acs? aC5,0Cy,  9C5,0C%,  C5,0CT,
62X2 82X2 82X2 a?xiz 82X2 62X2 82X2
OMzOC,  0I70C%, Dol OCE,  0C5,0C%, acaz aC3,0CT,  OC3,0CE,
32X2 82X2 82X2 32)(2 62X2 62X2 82X2
OMOCE,  OI70CT, B0 00,  BC3,0C%, 905,07, act? aCt,ac
82X2 82X2 82X2 82X2 82X2 82X2 82X2
| aMZOCS,  OI70C%,  Dop,dC, 9C5,0CT,  0C3,0Cc,  OCh,ACT, acs 7
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Statistical and systematic uncertainties

* Systematic uncertainties

* Sources of systematic uncertainties that we have studied:

* 0 beam energy spread :

o5 Eo, o) = / oo E')G(Eo, o) E"

1 —(By—E')?
2
- /Off (E")- b

e
V21l
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Og,

dE'

AE, Aoy, AL

* Assume that E, o subject to normal distribution:

-, Effect of AE, Aoy can be considered by

o Eo, o) = / o )G Eo, 0%)dE
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Statistical and systematic uncertainties

* Systematic uncertainties
Effect of AE, Aor on AMy

025 , , 025
> C I ! > C
P] L ]
g 0.2 - | g 0.2
N N
S C s =90.48!GeV : /s =191.92 GeV s - i
2015 - : 20.15 |
0_1:_ o1
0.05 — 0.05 —
- - : ls=M,
0_...I LN 0_|\\\\...|ijj\\\...iJJJ\t....
88 89 92 93 94 88 89 90 91 92 93 94
is (GeV) Is (GeV)
AE = 0.14 MeV Aog = 0.57 MeV
* At these two interesting energy points, * For Aog, AMz doesn't vary with /s except
AE have no effect on AMy for an energy point slightly above v/s = My
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Statistical and systematic uncertainties

* Systematic uncertainties
* AL Uncertainty of integrated luminosity
* AO- Caused by AL Nobs - kag Nmeas

Tmeas = el el
Ac(AL) = Opeas AL

* The uncertainty of a parameter P:

0P

or

" Umeas AC

AP(AL) =

Ac(AL) =

* In the simulation

Omeas = G0 o0 - AL)

meas’? ~ meas
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Data-taking strategy
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Data-taking strategy

* Global Determinant Parameter (GDP)

* For n parameters, it is defined as the determinant of the covariance matrix raised
1
to the ~,. bower,

GDP = “Vdet Cov
* Here, GDP serve as an object parameter for optimization

J. High Energ. Phys. 2017, 14 (2017).

* To focus on uncertainties of M, I', a,,,, @ transformation is performed:

C=vCo,VT 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 :

Vs (GeV) L Vs (GeV) L Vs (GeV) L

b, =846 Ly b =904 Lg g =932 Lo
Ey =856 Lo Er =912 L7 Ey =943 L1
Es =879 Ls Es =920 Ls Ei5 =953 Lo
Ey =887 Ly Ey =925 Lo Ei3=96.2 L3
b5 =899 Ls

* Limitations for luminosity distribution :
= Total integrated luminosity £ = 8ab™1
m AtE;, =91.2GeV (Zpole) L; =2 60% - L
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Data-taking strategy

* Luminosity scan on E- (Z pole)
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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 7ium
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Data-taking strategy

* A preliminary data-taking scheme:

V5 (GeV)  L(ab')  /s(GeV) L(ab') /5 (GeV) L(ab™ 1)

E, =846 L£,=009 E;=904 L;=050 E; =932 L,=0.25

B, =856 L£,=013 E, =912 L, =500 E,=943 £, =018

By =879 L£3=018 FEi=0920 Ls=050 E5»=953 L5=013

By =887 Li=025 FEe=925 Lo=035 E3=96.2 L3=0.09

By =809 L5=035

* Uncertainties
Parameter Ostat Ototal
M, (KeV) 7 66 : :
Systematic dominant

I, (KeV) 13 126 -
2 | (pb) 0.09 1.73

(ISR effect not considered due to technical problems)
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Updates with ZFITTER
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Updates with ZFITTER

ZFITTER Is a famous Fortran program for the calculation of fermion pair
production and radiative corrections at high energy e*e™ colliders, and was

: : Comput. Phys. Commun. 133 (2001), 229-395
IntenSI\/ely teSted at LEP Comput. Phys. Commun. 174 (2006), 728-758

Use ZFITTER v6.42 to calculate the cross section and perform the fit.

All flags are same as those in the demo (subroutine ZFTEST) included In
ZFITTER v6.42

Preliminary fit result with only 2 parameters

0M MIG ED

vall 1]

statistical uncertainty: AMgy

—25keV |, AL, = 1.1keV
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https://doi.org/10.1016/S0010-4655(00)00152-1
https://doi.org/10.1016/j.cpc.2005.12.009

Summary & Outlook
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Summary & Outlook

* Summary:

* / line-shape scan Is studied

* Statistical and some important systematic uncertainties are investigated
* A preliminary data-taking scheme is provided

* Outlook:

* Take ISR effect & other corrections into account (In progress using ZFITTER)
* A more comprehensive study on various uncertainties

* More efficient way to perform optimization (e.g. Genetic Algorithm)
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* Configurations (Inputs) :

Parameter Value

M, (GeV) 91.1876 & 0.0021
I7 (GeV) 2.4952 + 0.0023
BRe. (%) (3.3632+0.0042)
B Ryaa (%) (69911 +0.056)
sin’ By 0.23122(4)

L (ab™h 8

€ 0.9

op (%) 0.08

AFE (MeV) 0.1

Aop (MeV) 04

AL(%) 0.05
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* [SR:
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Statistical and systematic uncertainties

* Systematic uncertainties
* Effect of of :

~ 06 _1.05 78
% g ]
<~ EN s -
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* Analytical way to consider the effect of o5, AE, Aog

* Taylor expansion of cross-section

og(E) =0z (Eo) + — (£ — Eo)
1 dQO'f—f
2 dE?
1 an'ff
ndem

* Perform the convolution

(E — Eo)n +

o Eo, 0%) = / o )G (Eo, o)A E’

0 1d2‘7f7f 02
O (EO: UE) = og(Eo) + 2 dE2 Op

1dlog o4
TR or
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* Uncertainty caused by U]S
1 d?
Aog (EU,JE) =5 dEggf 502
AP(O’%) s::fﬂoff (ED O'E)
()P 1d0'ff 02
daff 2 de2”
* Uncertainty caused by AE
AP(AE) = gp g“];if AE
Of
* Uncertainty caused by Aog
- OP _ daff -
AP(Aay) = |5 5 8| Ao
P d*og
=90, aE27F| A7
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PARAMETER CORRELATION COEFFICIENTS
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Backup

* Genetic Algorithm:

* A genetic algorithm (GA) Is a metaheuristic
Inspired by the process of natural selection
that belongs to the larger class of
evolutionary algorithms (EA).

* Genetic algorithms are commonly used to
generate high-quality solutions to
optimization and search problems by relying
on biologically inspired operators such as
mutation, crossover and selection.

* Debugging:
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