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Two references

JCGM 200:2012

International vocabulary of
metrology — Basic and general
concepts and associated terms
(VIM)

3rd edition

2008 version with minor corrections

Vocabulaire international de
métrologie — Concepts
fondamentaux et généraux et
termes associés (VIM)

3° édition

Version 2008 avec corrections mineures
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JCGM 100:2008

GUM 1995 with minor corrections

Evaluation of measurement
data — Guide to the expression
of uncertainty in measurement

Evaluation des données de mesure —

Guide pour ’expression de I'incertitude de
mesure

page 2



EEN 0L il WA RES
A I3 5L R AN — 72 B bRt

The following seven organizations* supported the development of this Guide, which is published in their name:

BIPM: Bureau International des Poids et Mesures

IEC: International Electrotechnical Commission
IFCC: International Federation of Clinical Chemistry**
ISO: International Organization for Standardization

IUPAC: International Union of Pure and Applied Chemistry
IUPAP: International Union of Pure and Applied Physics

OIML: International Organization of Legal Metrology
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Measurement

1 @ [uncountable] the act or the process of finding the size, quantity or degree of something
« the metric system of measurement

= Accurate measurement is very important in science.

| © Collocations

| © Culture

2 @ [countable, usually plural] the size, length or amount of something
* to take somebody’s chest/waist measurement
« Do you know your measurements (= the size of parts of your body)?

« The exact measurements of the room are 3 metres 20 by 2 metres 84.

%€ X : Set of operations having the object of determining a value of a quantity (A%
& NEREYH BB — R5181F)

f#id: The objective of a measurement is to determine the value of the measurand,
that is, the value of the particular quantity to be measured. A measurement therefore
begins with an appropriate specification of the measurand, the method of
measurement, and the measurement procedure.
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CEPC working week 2015.08.20 page 7



IR

CEPC working week 2015.08.20 page 8



o MIAHE: A(Ehi)
o W/INT R 5 B
— F=ma
- F=GM M, /r?
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Error and uncertainty

t is now widely recognized that, when all of the
known or suspected components of error have
neen evaluated and the appropriate corrections

nave been applied, there still remains an
uncertainty about the correctness of the stated

result, that is, a doubt about how well the result of
the measurement represents the value of the

guantity being measured.
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Monte Carlo: reference/guiding star

B(X—f)=

NER—TEETIE, AR LEEMERE
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® C++, g++, LinuxIHAH R, L FrgmiEiaat ((g)Make)
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Phase space, A %5[H]
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Measurand
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Error—>uncertainty

o IRE: HHESHEZEHZES (measured quantity
value minus a reference quantity value )
& LHE: MEE, LRE, FRE, TEIENESE
¢ EHE: ENE
¢ HEERRAMP—NENEX
¢ FEMiREWRF—EEIRE, BEAREBIE?
e FLBFBAEEZMIUMERN,;, AEEAEEERANENX L
BN ——EMmMRET TR BER .
e HEEMBER
®IELHE: ZAFXHNAM, ee2IEanH
®ENE: KHEN, BNEE
¢ BEXNEE: MREEEEREN, SEBIETMIAARTER,; BES
i O, vERE) R ZEE5EER
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uncertainty
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Ch e bYSh €V law of large numbers

X,, X,, ..., X are independent random variables, and
E(Xl) = U, V(Xl) = Oiza

Ve>O0,

lim P

n—x
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| &
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Chebyshev's inequality

X
EX)=u, VX)=0°, | k |EES%H| 589 H
Ve>0, (P=) (P=)
, 1 1 0.3173
P{|X-plzel<Z-. [ 2 | 025 | 00455
. ° 3 | 011 | 00027
5 | 004 |5.7x10°
el 10 | 001
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Bessel 223
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AT A FH R RIIR N ZS 155

Eventies/(5MeV/c?)

fooe i miy =2F E ,(1-cosd, )
7500- H — it = OE}/
J { = om,, < aEy / \/;
A H AT L A e
Ir AF 4 O S5 HoRk f M |
| T AR TR IR
0 OH'-:J e 0.;? o 0.;" T !"0.4
Performance BESII BESIII CLEOc
op/p 1.7%/V1+p? | 0.6%@p=1GeV | 0.6%@p=1GeV
oE/E 22% /VE 2.5%@E=1GeV | 2.2%@E=1GeV
PartID dE/dx+TOF dE/dx+TOF dE/dx+RICH
Coverage ¢ 80% 93% 93%  pade 40




3 . SO
1 5'_'_ |$l-| ﬁ I_I%LI IJ_LI’/\ﬁ (:)(“) _E |:(,‘I.'ll;l?:| _ / (,‘I.'u;lff‘(.l,) dr
— J J o — OO0
Probability density function Characteristic
Distribution [ (variable; parameters) function ¢(u) Mean Variance o2
l'([) — (15) a \_f T ; b abu __ tau 4 / h 2
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: : AT N'! r N / iu\N AT \T
Binomial f(r:N.p) = 0 ¥ P q (q + pe'™) Np Npq
A 7
r=0.1.2,...,] N 0<p<l1 g=1—p
e~V ‘
Poisson flniv) = ‘ n==0,12 ... v >0 explr(e"™ —1)] v v
) T. )
y 21 1 2 6 2 . 1 2 2 2
Normal flaeip, o) = exp(—(x — )< /207) explipun — s0°u”~) 7 o
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(Gaussian)
—o0 < @ < X —00 < 1 < X o >0
. . 1 . 1.7y -
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~ . (-)ﬂ_)n /2 /| | = .
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n 2—1('—: 2 ,
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ZIng# (multinomial)

¢ n)ﬁiﬁ’{j’ |—l|jl.r K

V(rj)=n°pj°(1_pj)

- N COV (K1, )==n"p,"p,
- BEHE
- JWRTHoxE (RN, AIZREERE, &%
poissons> AN IE )
- TRESXLE
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ZIn4g# (multinomial)

216 ALEPH Collaboration / Physics Reports 421 (2005) 191284

Table 4

Number of reconstructed events in 1991-1993 and 1994-1995 data sets in the different considered topologies

Reconstr. class n?bs (91-93) n?bs (94-95)
e 22.405 33,100
7 22,235 32,145
h 15,126 22,429
hn° 32,282 49,008
h2nr° 12,907 18,317
h3n® 2681 3411
h4n® 458 499
3h 11.610 17,315
3hn 6467 9734
3h27° 1091 1460
3h37° 124 150
5h 60 105
5hn° 36 59
Class 14 4834 7100
Sum 132.316 194,832

PIFITIRESm TR SIS %
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SEIAAT  (poisson)
o “InHataHn>x,p200 (A=np)

p(r) = e, x=0,1,2,
x!

x=A
Vix)=A4A

* N
- BERFBE((INE®%, nEBKX, 2HNEER)
— INFEARSEES
« BESt[H=EM&E: PRL69,3021 (1992)
 BES fyoilE: PRL74,4599 (1995)
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IEA4S%  (Normal/Gaussian)
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e L No)
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N(0,1) : bREIERS 7340
v (I Z)
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— %% & X By EA
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AL E R MR R RIRE

Table 2: Particle ID efficiencies (Probrp > 0.01) for
T, w~, p and P samples selected from (28) —

Tt~ J/P, J/P — pp (in %).

Particle data Monte Carlo
94.64 £+ 0.60 | 88.55 £ (.78
03.69 + 0.64 | 87.67 £ (.81
R7.76 £ 0.84 | 86.50 £ (.84
88.11 £ (0.82 | 88.44 £ 0.79

N e
B W
60 |- i s

40 [ 38 106'+-'0.823041%

J/Ay-proprp

# ¥ FiMonte CarlofZfUXJm R+« REFHF
ERHME. HY2S)>mrmlly, Jy->ppbarilg.

MC efhiciency corr. factor: 1.154 + (0.028
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Experimental side

— Tracking & Pid(Flavor tag)

e Difference between data and MC
— Momentum/energy calibration
— Beam measurement, beamstruhlung effect
— Trigger efficiency
e Signal yields determination

e |ntegrated luminosity
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Theoretical side

ISR/FSR simulation
Model of MC (Dynamics, higher order contribution)

Hadronization model

Multi-jets

Correlation among jets/hadronization
Interference between different intermediate

states

CEPC working week 2015.08.20

page 54



Entries/0.2 GeV

Goal in CEPC preCDR: “6MeV

r CEPC Preliminary
3000 - Z- ptu ILdt:Sab'
‘ —4#— CEPC Simulation
B —— S+B Fit
2 —— Signal
= Background
12000 -
1000 -
-
0
120 125 u M130
Mreconl[GeV]

Entries/0.2 GeV

3000
12000 -

1000~

CEPC Preliminary

7 e'e; I Ldt=5ab”

—4— CEPC Simulation
— S+B Fit
—— Signal
Background

130 140 150
ete
Mrecoil[GeV]

Fit to the ee/un recoil mass spectra: only experimental uncertainties
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Let’s take a simple example

e*te > H(yy)Z

arXiv:1503.07830
arXiv:1505.06981
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Feynman diagrams at ee collider

e Y e - NN~
H< Y
Y el
Y
e‘l‘ Z €+ - ' QN Z
(&) (b)

experiment, it also causes the theoretical
uncertainty through interference
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For most cases except the interference effect: narrow
width approximation adopted

1 T
= o(s—Mp)
(s—=M:)Y+M.I: M,T,

Because ' , =4.2 MeV = (3.4 x 10> )M, , this is usually fine.
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The cross section can be parameterized as

A0 s gyyizn i) 1 2 12
=l =C(m)+ [S(m)+(m” =1")I(m)]
dm D(m)
Where
m = the diphoton invariant mass

D(m) = (m?-M;?)> +M? %,

C(m) = background

S(m) = signal (with small contribution from
interference)

I(m) = pure interference term
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ee—> Zvyy sensitive to the polar angle cut

_ sig. Icos0. 1<0.95
1 | Y |
10 ; con. =

120 122 124 126 128 130
MW(GeV)
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ee—> Zvyy sensitive to the polar angle cut

_ sig. lcos0.1<0.9
1 [ 4
10 5 con.

120 122 124 126 128 130
MW(GeV)
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ee—> Zvyy sensitive to the polar angle cut

: sig. 1cos0.1<0.8
1 [ y
10 ; con.

120 122 124 126 128 130
MYY (GeV)
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IcosBYI<O.95
S IcoseYI<O.9
Tr = | <0.8 |
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A Gaussian used to model the detector
resolution, varying from 0.8-2.0GeV
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Sizeable shift observed and increases with resolution
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The detector resolution affects the mass shift
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Discussion on H=>vyy

OM ~ 50MeV due to interference when 0=2GeV
Bad resolution ampilifies the shift

Polar angle cut reduces the background level, so
does the mass shift of Higgs

The B(H=2>vy)~0.23%, less than 1000 can be selected
for the further Higgs mass measurement -
O0M=100-200MeV.

Interference effect not a urgent issue here. If LX10
or more?

But in case of the model independent
measurement : ee and uu recoil mass
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e Precision mass measurement is important to
Higgs study and to new physics

e The interference effect has to be taken into
account when M, is measured with di-photon
final state when statistics increase

e The same effect should be evaluated carefully in
case of O(10MeV) precision
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