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» The myy plays a central role in precision EW
measurements and in constraint on the SM
model through global fit.

nta 1

Gp = V2mZ, sin? Gy (1+Ar)

Ar is the correction, whose leading-order

contributions depend on the m; and my

» Several ways to measure my,:

B The direct method, with kinematically-constrained or
mass reconstructions

B Using the lepton end-point energy
B W*W~ threshold scan method (this study )
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Methodology

» Why?

N
oww (Mw, T, V/5)= LZI;S

N
(P — ww
Nww+Npkg

so myy,, [, can be obtained by comparing the N, / LeP, with predicted gy,

> How?

In general, these uncertainties are dependent on /s, so it is an optimization problem

when considering the data taking.

»>1f ..., then?

With the configurations of L, AL, AE ..., we can obtain: my,~? Iy, ~?
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» The oy is a function of \/s, my, and I,
calculated with the GENTLE package in

this work (CC03)

» The ISR correction calculated by
convoluting the Born cross sections
with QED structure function, with the
radiator up to NLO(a?) and O(53)
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Statistical and systematic uncertainties

2019 International Workshop on CEPC li.gang@ihep.ac.cn 6



Statistical uncertainty

GENTLE

I

AN Nww+Npk « [
> Aoy = OwwX ——— = Oy X v g 20
Nww Nww S0
3 b
_  |9ww (P _ Nww E - \|s=2m§W+0.3 (GeV)
= — -
Lep NWW+kag % e
S +
s L

T

> Amy, = (affww)_1 X AGyyy = (6aww)_1 % |oww i

amW amW Lep (1)56| l|15|8l | '1éo' ':'ﬂlszl | '1<|34' | |166
ys (GeV)
> AT, — (aaWW)_l Ao _ (aaWW)_l 5 oww 4__ GENTLE
w Ty ww oTw LeP 3

Vs=2m,,-2.3GeV

With L=3.2ab~1, €=0.8, P=0.9:
Amy,;=0.6 MeV, Aly,=1.4 MeV (individually)

(do/dT',)" VG (GeV/ pb'?)
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Statistical uncertainty

»When there are more than one data point, we can measure both my, and Iy, .
»With the y2 defined as:

2 _ (Mg — Nci>bs,)2 _ (LEP)i(O-%t B O-i)bs)2
P . L S .

l

[ obs O-ObS
the error matrix is in the form:
-1 -1

([ o \ ( . . \

0%y 2 0*x2 (LeP)' ( dor_y2  (LeP) do io

V= l y ‘)’”w omwol'w _ Z (r; be Omwy (r:) be omy ol'w

Wi e | L) o oo (LeP) ooy
U)mwdrw (_‘),;,l:w ) \ 0—:’) e omy Ol'w (ri) bs omy’ )

»When the number of fit parameter Eeduce to 1:

Amy, = (aUWW>_ X Ao = (aUWW)—l X /UW—W
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Statistical uncertainty

- - Amyy; (mass only)
-, ——— ATy, (width only)
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Systematic uncertainty

Uncorrelated

Npkg

)
™ e~ S S
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Energy calibration uncertainty

» With AE, the total energy becomes: 0

—Simulation

E = G(E ’ AE) + G(Em’ AE) ! —Expectation AE=0.7 (MeV)

0.6 —

omy, 00 = [

> A = —L —VWAE I
W = Soww OE = e

< L

»The Amyy will be large when AE oal

increase, but almost independent on
T TN T TR (N TN SRR SN NN TR SO N NN S SR S

O 1 1 1 1
/_S 156 158 160 162 164
. (s (GeV)
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Energy spread uncertainty

15 x10~

— O

I o, x[0.8-1.2]

10 [ 0,%x[0.9-1.1]

» With Egg, the gy, becomes:

{s=2m,,+1.3 (GeV)

oww (E) = f,” oww(ENVXG(E,E")dE’

<
[

2

—(E-E'") :

—2 , _5 1 L 1 1 | L I: 1 1 l 1 1 1 1
dE 155 160 ey 163 170

— ! 1 20
= [o(E )X\/ESEQ E

[ — m,,=80.385 GeV, I,,=2.085 GeV 'GENTLE

» o + Aoy is used in the simulation, and oy is for 10 - [ m, =79.385-$1.835 GeV, T\, =2085 Gev |
[ [ m,,=80.385 GeV, I',=1.085-3.085 GeV

the fit formula. -

o (pb)

»The my;, insensitive to § ywhen taking data
around 162. 3 GeV

i Ys=2m,+1.5 GeV

0 1 1 1 1 1 1 1 1 Lo 1 L I 1 1 1 1
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Background uncertainty

The effect of background are in two different ways

1. Stat. part: Amy,(Ng) = aa:,:;l:v ' LEIZGB

om Lego
w . BYB . AO_B
60WW Le

With L:3.2ab_1, €EgpOp = ngb, AO'B = 10_3:

2. Sys. part: Amy, (o) =

Amy,(Ng)~0.2 MeV, which has been embodied in the product of € - P,
and Amy,(op) 1s considerable with the former.
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Correlated sys. uncertainty

» The correlated sys. uncertainty includes: AL, Ae, Aoy ...
» Since N, = L - 0 - €, these uncertainties affect oy, in same way.

» We use the total correlated sys. uncertainty in data taking optimization:

S, = +JAL? + Ae?

oTy
aO'WW

amW

AmW =

oww * Oc, Aly = oww * O¢

aO'WW
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Correlated sys. uncertainty

amW

AmW = oww * 5C

GO'WW
Two ways to consider to effect:

(a) Gaussian distribution
Ooww = G(O-lS)VW: Oc - UI9VW)
(b) Non-Gaussian (will cause shift)

oww = opwX(1 + 8;)

With 6§, = +1.4- 107%(1073) at 161.2GeV
Amy,~0.24MeV (3MeV)
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Correlated sys. uncertainty

To consider the correlation, the scale factor
method is used,

(yi—h-x;)* | (h—1)2
X = I
l C

where y;, x; are the true and fit results, h is a free
parameter, §; and §, are the independent and
correlated uncertainties.

For the Gaussian consideration, the scale factor
can reduce the effect.

For the non-Gaussian case, the shift of the my, is
controlled well
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Data taking scheme

. « Smallest Am,,,, Al, (stat.)
One point « Large sys. uncertainties

e Only for my, or I, without correlation

« Measure m;, and I, simultanously
« Without the correlation

Three points
Or more the correlation

« Measure m;, and I}, simultaneously, with
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Taking data at one point (just for my,)

There are two special energy points :

» The one most statistical sensitivity to my:

Amy,(stat.) ~0.59 MeV at E=161.2 GeV

(with AT, and AEgs effect)

» The one Amy,(stat)~0.65 MeV at E ~ 162.3 GeV
E
(with negligible AIy,, AEgs effects) Op
OB
8¢
With AL (A€) < 1074, Acz<1073, AE=0.7MeV, ‘ Ly
AO-E=O.1, AFW=42M6V) Stat.
Amy,(MeV)
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Taking data at two energy points

»To measure Amy, and Al};,, we scan the energies and the luminosity

fraction of the two data points:

1. B, E, € [155, 165] GeV, AE = 0.1 GeV
— (la _
o F = (LZ) € (0,1), AF = 0.05

»We define the object function: T = myy + 0.1[}; to optimize the scan

parameters (assuming my, is more important than Iy,).
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Taking data at two energy points

» The 3D scan is performed, and Frin ESOISGeV Estorscer
2D plots are used to illustrate = ““.M,mw“?“
the optimization results; ;Eﬁg SRR **, ¥)x

s ; et g

» When draw the AT change _ Efﬁggg“:ﬁfﬁ:‘ﬁgtﬁ.335:"'1

with one parameter, another : -

is fixed with scanning of the
third one;

AL(A€)<107% Agy<1073

> E1_157 5 GeV E2=1625 GeV 0'E=1X10_3,AE=0.7M6V
(around al‘“/VW O,aa(;W‘;’—O) and Aog=0.1%

F=0.3 are taken as 1
the result.

my, 0.38 - 0.21 0.33 0.80 0.97
ATy, 0.54 0.56 1.38 0.20 2.92 3.32

2019 International Workshop on CEPC li.gang@ihep.ac.cn

AT MeV

15

T
>

Iol‘lé’_

IIII|IIII

v v «F=0.1
T, E2_1625GeV ',v' +F02
v A4 AF=0.3
ey AN YF=0.4
., % yww¥? " E=157.5GeV :11:::3‘55
A -
g L F=0.7
b * i : ast 2F=0.8
§a 4 ate vF=0.9
e S : ¢
‘é: ““MAAA;AA‘A
R P Tt WIORIET e
g wx, Low ¥ ‘50 f*‘
”Q*f MPPRTEM 3 L
CHmEHEEET
2

1.8 -
[ v E=158.0 GeV
L+ E=158.5GeV

12

IIl|III|III|

L« E=156.5 GeV E
[+ E=157.0 GeV F=0.3

4 E=1575 GeV

A

E,=162.5 GeV

20




Taking data at three energy points

* k=01 v (¥ F=0.1 ’
+ F02 E,=162GeV Y Eg157 GeVE=1625 GeV
Th d f th - v 04 Eg=161Gev oY [AF=03 v E-161Gev | v
€ proceaure o ree [+ F05 E g5 v [ VE=04  ° v
. C e . = [ o5 E=157.5 GeV ~ [rEe0s F0S
points optimization 1s OO = \ 3 [ercor :
C a2 = c z:AF=0.8 M A
. . . P L A i l_ A :
similar to two points ST . S PR
15 - % ¥ M ¥ ; 15 - A/ % .
i f $ v i ¢ i ¥ i X
i T BT I T B U R
El 157 ) 5 G eV 154 156 El (GeV) 158 160 161 1622 (GeV) 163 164
E, 162.5GeV
AmW ~ 0 .9 8 MeV 2 | ¥ E3=156 GeV E E.=157 GeV [ ] i E.=157.5 GeV ¥F2=0.l
H 1= : 1= -
E3 161.5 GeV ‘ Al" ~3 37 M V + E=157GeV M 16 — : +F,=0.3
w ' € w4 ESISBGYV f Eete2cev | 4 -, E,=162.5GeV 4F,=05
S v EF159GeV N I : YF,=0.7
F1 0.3 _ + E:=160 GeV F,=0.5 \J R E,=161.5 GeV F=0.3 . F§=0.9
> [ ¢ EF161Gev F=03 . ¢y 2 el
L6 4 - =0. :
o 09 By s R
AL(A€)<107% Aog<1073 S [7 SR I Y =I ! .
_ i " s 2
05=1x10"3, AE=0.7MeV SR T R R T
L v + -
Aor=0.1 12 o S I :
1|) I I I ﬂ.lz I : I 0.|4 I I ‘ 0.|6 I I ' l).ls 1160 ‘ l(lbl = lf||2 — ](|)3 1(‘)4 ‘ 165
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» Measurement of my, (I;/) with threshold scan method studied

> Different data taking schemes investigated, take stat. and sys. into account.

» CEPC&FCC-ee work together, EPJC refereeing
AL(A€)<10™%, Aog<1073
or=1x1073, AE=0.7MeV
ATy,=42MeV, Aop=0.1

Oqs (MeV)

mass or width Otat (MeV) AF  Aor o 5 Total (MeV)

One point Amwy 0.65 037 - 017 0.34 0.84 Th k !
Amyy 0.80 0.38 - 0.21 0.33 0.97 an you °

» With assumptions

Data-taking
scheme

Two points Al 2.92 054 056 138 0.20 3.32
S Amw 0.81 030 - 023 0.29 0.98
points ATy 2.93 052 055 138 020 3.37
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Backup Slides
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Covariance matrix method

1 2 2 __2
Vi € t i Ty f H. J. Behrend et al. (CELLO Collaboration)
where o; is the stat. error of n;, oy is the relative error of € Phys. Lett. B 183 (1987) 400

D’ Agostini G. Nucl. Instrum. Meth. A346 (1994)

» The correlation between data points i, j contributes to the ( 02 +1202 Y0t o YYno? \
off-diagonal matrix element v;;: . Yoy108 02 +y20? -+ YoynO?
I — YnY10F  YnY20f o O +Yn0F
»Then we minimize: ¥ = n'V =1y \ oot o ‘)
/ Y1 — ks
Yo — ko

0
For this method, The biasness is uncontrollable

Yy

9})/[1(9) flilitae?fllggoga]?mlgk%%(glz)%(%?éﬁ’% 146) li.gang@ihep.ac.cn 24



Scale factor method

» This method is used by introducing a free fit parameter to the )(2: Brandelik R et al(TASSO Collab.). Phys. Lett., 1982,
2 2 B113: 499—508; Brandelik R et al(TASSO Collab.). Z.
XZ — Z fyi— _ ki) (f 1) Phys., 1980, C4: 8793
L o; O-f Bartel W et al(JADE Collab.). Phys. Lett., 1983, B129:
) 145152
o; includes stat. and uncorrelated sys errors, or are the correlated errors. pagostini ¢. Nucl. Instrum. Methods, 1094, A346: 306
311

The equivalence of this form and the one from matrix method is

proved in : MO Xiao-Hu HEPNP 30 (2006) 140-146 .

» Both the matrix and the factor approach have bias, which may be considerably striking when the data
points are quite many or the scale factor 1s rather large.

> According to ref: MO Xiao-Hu HEPNP 31 (2007) 745-749, the unbiased y? is constructed as:

—1)2
x5 =Y, €3 ‘gzkl) + (gazl ) (used in our previous results)

0;

The qgﬁm&w&lupvﬁmmmf) camcbeae-scaled, the relativeerrariisstitlclarger than those from y# estimation.




