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https://arxiv.org/abs/1701.07240

» The my, and I, play a central role in precision ALEPH ATLAS = ————
. . DELPHI e
EW measurements and in constraint on the . .
SM model through global fit. oA —
CDF L
» The direct measurement suffers the large o N o
° L . o ATLAS W* —==—
systematic uncertainty, such as radiative ATLAS W ® Messurement B
= Stat. Uncertainty
correction, EW corrections, modeling of ATLASW' | ——FulUncenanty @
. . 80250 80300 80350 80400 80450 80500
hadronization. m, [MeV]

T | T T T T | T T T T | T ]
— =80.370 £ 0.019 GeV

ATLAS

>
O, 80.5— Blm=17284+070Gev
E C —- M, =12509+024 GeV
. . . 80_45:— f 68/95% CL of m,, and m, _;
» For the threshold scan method, the precision is :
.. . L. B4
limited by the statistics of data and the S !
. 80.35F =
accelerator performance (this work). -
803 Lo = 68/95% CL of Electroweak]
F Fit wio m,,, and m, ]
C (Eur. Phys. J. C 74 (2014) 3048}
8025 ———Jgs——"q70 " 175 180 185
m, [GeV]
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https://www.sciencedirect.com/science/article/pii/S0370269397007053

Methodology

» Why?

Nobs (P _ Nww

oww My, T, \/§)= LeP = Nww+Npig

so my,, [}, can be obtained by fitting the N,;, with the theoretical formula oy,

> How?

In general, these uncertainties are dependent on +/s, so it is a 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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Theoretical Tool

> The oy, is a function of /s, my, and I, -““
v v v YV

which is calculated with the GENTLE
. . Gentle
package in this work

> The ISR correction is also calculated by 25
convoluting the Born cross sections - — Bom GENTLE
with QED structure funtion, with the “F
radiator up to NL O(a?) and O(53) s
O
S oL
1. On the QED radiator at order a3 5

2. Higher Order Radiative Correction

160 180 200

/s (GeV)
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https://www.sciencedirect.com/science/article/pii/S0370269397007053
https://arxiv.org/pdf/hep-ph/0107154.pdf

Statistical and systematic uncertainties
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Statistical uncertainty

3
- GENTLE

ANww JNww+Npig o [
> Aoyw = oww X ——— = Oy X 2 [
ww ww s L
3 [

—_ |Sww (P . Nww E i Vs=2 EW+o.3 (GeV)

= _ | |

Lep Nww+Npkg = i
B -
= L

> Amy, = (aGWW)_l X Aoyy = (aGWW)_l X [

amW amW LE'P 956 L -H-LB L 16\0 Lo 1é2 L 16\4 L 166
ys (GeV)
doww -1 doww -1 oww 4__ GENTLE
aFW amW LeP

Vs=2m,,-2.3|GeV

With L=3.2ab™1, €=0.8, P=0.9:
Amy,=0.6 MeV, AT}, =1.4 MeV (individually)

(do/dT,) "o (GeV/ pb'?)

1 1 1 | 1 1 1 I 1 1 1 | i 1 1 | 1
152 154 156 158 160
Vs (GeV)
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Systematic uncertainty
]

Correlated _

— P (opkg)

|
Q Iy
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Beam energy uncertainty AE

2 GENTLE (s=161.5 (Gev)
15:— .o.
~ "
» With AE, the total energy becomes: % L .
S .0’
E = G(E, AE) + G(Ep, AE) sb ye
» E is used in the data simulation, and L IAIIEEI!\?IVJ ; 5
Ey = E, + Ey, is for the fit formula.
» The Amyy will be large when AE GENTLE  AE=0S (el
increase, and almost independent with - |
g{u_—.
Sodr

NG

o
o
|

1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1
156 158 160 162 164
is (GeV)
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Beam energy spread uncertainty AEgg

- EBS
[l E;sx10.8-1.2]

10 [ Epsx[0.9-1.1]

»With Ejg, the oy, becomes:

o/ac%1
[8)]

Ys=2m,,+1.3 (GeV)

oww (E) = fooo oww(E') X G(E,E")dE’

~(E-E")"
E+6V2AERs , 1 2
~ a(E") % e2(V2Eps) dFE
fE—6\/§AEBS ( ) \/Zﬂ\/zEBS ;
" — m,,=80.385 GeV, I,=2.085 GeV EGENTLE
»Egps + AEgs is used in the simulation, and Egg is 1O [ I 7938581838 Gev, T 22088 Gev |

[ [ m,,=80.385 GeV, '\ =1.085-3.085 GeV !
1

for the fit formula.

o (pb)

» The m,,, insensitive to AEgzs when taking data
around 162.1 GeV

i Ys=2m,+1.5 GeV

0 I L L L L L L L I L L E L 1 I L L L 1
150 155 160 165 170
fs (GeV)
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Correlated sys. uncertainty

»The correlated sys. uncertainty includes: AL, Aoy, A€, AP...

»Since Ny, =L -0 - %, these uncertainties affect m;, and I' in same way.

» We take L as example, and use the total correlated sys. uncertainty in data
taking optimization:

o5V (corr) = \/ALZ + Aoy, + A€? + AP?
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Correlated sys. uncertainty AL (1)

» With AL (relative), the L becomes:
L=G(°AL-L%

L is used for simulation, and L° is for fit

am
Amy = ——LGAL  g—

é)(j]4114/

» The Am;,almost increases linearly
along with AL

Workshop of CEPC, 24-26 May, Rome

GENTLE

@ Fit result

ALodM
AL=2x10" (relative) |~ do _

160 162
Vs (GeV)

GENTLE

-
- %]

AM (MeV)

=
(3]

=]

{s=161.5 (GeV)

(=]

1 1 1 1 1 1
0.4 0.6

AL (relative)
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Correlated sys. uncertainty AL (2)

> If there are more than 1 data taking points, the correlated sys. uncertainty can be
constructed into the y?:

(:Vl T h xl)z (h - 1)2
o

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

correlated uncertainties.

» There will be no bias in the fit result with this method, and the Am,,, (AL) will be reduced.
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Data taking scheme

« Smallest Amy,, Al (stat.)
One point « Large sys. Uncertainties
 Only for m,, or I, without correlation

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

« Measure m;, and I, simultaneously,
Three points with the correlation

« Maybe increase the Amy,, Al (stat.)

WithL=3.2ab 1 eP =0.72
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Taking data at one point (just for my,)

There are two special energy points :

» The one which most statistical sensitivity to my,:
Amy,(stat.) ~0.59 MeV at E=161.2 GeV
(with AT, and AEg¢ effect)

» The one Amy,(stat)~0.68 MeV at E = 162.5 GeV

(with small Aly,, AEgs effects) mm

o3Y%(corr) 0.35 0.44
AE 0.36 0.37
' —4 gSys —4 AE 0.12
With AL (Aoyy, Ae, AP)<107%, 05YS(corr)<2 X 10 — ' BS
AE=0.5MeV, AEz<=10"2, AT}, =42MeV) Alw 8
Stat. 0.59 0.68
Amy, (MeV) 8 0.9
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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. By, E, € [155, 165] GeV, AE = 0.1 GeV
— (L _
o F = (LZ) € (0,1), AF = 0.05

»Then we define the object function: T = myy + 0.1}, to optimize the scan

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

» The 3D scan is performed, we
just use 2D plots to illustrate
the optimization results;

» When draw the AT change
with one parameter, another
is fixed with scanning of the

third one;

(around aaa;”W:O aGWW:O) and
w

> OEgs
F=0.3 are taken as

the result.

* F=0.1

- 4 F=0.3 : o
18 v F=(0.4 ahg
I+ F=0.5 AhAM A H
[+F=06 "

F Ffo‘-l ek

| » F=0.8 Wk ek g, ok =

Z P
= [ vF=09 Fydpa st
H H

<

- i R ekl
Hmaim::;:::;;;iﬂ

i put¥
2 i LR L TR Qe ¢

ill,

" &
3 A
| + F—g2 E.=161.5GeV E=157.5 G?\AI“ ‘

154

E, (GeV)

AL (Agyyy, Ae, AP)<10~*
o5YS(corr)<2 x 104
Eps=1.6 X 1073

AE=0.5MeV
AEps=0.01

[ e [o>eom || A€ || AR [ s [ Tl
Amy,

0.48
ATy, 0.22
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0.81 1.02

0.88 1.06 2.9
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€.,
A
7!“ s
YA
v“ %‘A
v“. a;
%
K
4

E,=162.5 GeV
: V' +F=0.3

% oY
Wyt E=157.5GeV +F=05

7 ¥ «F=0.1
w +F=0.2

YF=0.4
+F=0.6

| L L L
164 166

L« E=156.5 GeV
| # E=157.0 GeV
L . E=157.5 GeV
[ v E=158.0 GeV
L+ E=1585 GeV

e

E,=162.5 GeV
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Taking data at three energy points

> Fit parameters: my,, Iy, h (associated with og)¢"

» Scan parameters: E{, E,, E5, F{, F, (F;= L:LB, F, =L—2)
» Scan procedure:

A. E, E,, E5 € (154,165)GeV, F,,F, € (0,1), AE; =1, AF; = 0.1 (05:4¢)

B. E; € (154,160),E,,E; € (160,164),F; € (0,0.5),F, € (0,1),AF, = 0.2 (add Osys

C. Obtain the Amyy, Al with optimization result from step B (o4 + 05ye" + AE + AEgs)
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Taking data at three energy points

The optimized results:

157.5 GeV
162.5 GeV
© Amyy~1 MeV
03  mmmp ATy, ~2. 8 MeV
161.5 GeV
0.9 '

AL (Aoyy, Ae, AP)<107%
as¥S(corr)<2 x 10~
Eps=1.6 X 1073
AE=0.5MeV
Aly,=42MeV

AEps=0.01
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AT (MeV)

AT (MeV)

[
tn

[

15

14

12

18 -

¥ F=0.1 v
+ F=02 E;=162GeV
F,=0.3
: Fi=0‘4 E,=161 GeV v
¢ F=05 p_g5 v
F,=0.6 .
F=0.7 E=157.5 GeV
s F=0.8
v F=09 'y
- 'y
L i A i
i . ; _ ;
— » E ~
i 3 v ¥
| | | . |
154 156 158
E, (GeV)
» E,=156 GeV E.-157 GeV
+ E;=157 GeV =157 Ge v
s E;=158 GeV -162 GeV M N
v E,=159 GeV E=16 Ge* +
+« E;=160 GeV : F,=0.5
E=161 GeV .
E;=162 Gev F=0.3 ¥ ¥
s E=163GeV i . ¢ n
v E;=164 GeV H v
L +
i - 4 v A
- I L 2
L I i
i | | | L L L | |
0 0.2 0.4 0.6 0.8
F1
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AT (MeV)

AT (MeV)

¥ F=0.1 _ _=
CiF—op  E157 GeVE=1625 GeV
[ : v
[4F=03 v E-161GeV |
25 YF=04 v v
r+ F1=0.5 F2=0-5 E
"« F=0.6
[+ F=07
¥ H
2taF=08 R
" vF=0.9 N
5 :
15 — & . E
B L X
L L | . [ . E . o ) ) |
160 161 162 163 164
, (GeV)
F,=0.1
r : E=157.5GeV “'2
16 — ! +F,=0.3
F E,=162.5GeV  +F;=0.5
- : vF,=0.7
|, Eme15Gev Fe03 +F,=0.9
14—
Y y
i -
12— ! i !
, i
1L | . i . Ly L ‘
160 161 162 163 163 165
E,; (GeV)
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Summary and next to do

» The precise measurement of m;;, and I, is studied (threshold scan method)

» Different data taking schemes are investigated, based on the stat. and sys.
uncertainties analysis.

L=32ab™',eP =0.72,05" =2x107*
AE=0.5 MeV, Egg=1.6x 1073, AE5¢=0.01

_1__

» With the configurations :

1 0.9 -
2 1.0 2.9
3 1.0 2.8
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Backup
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Theoretical Tool

» Process: CCi1, the minimal » -
gauge-invariant subset of :
Feyman diagrams

»QED corrections: ISR, FSR,
Coulomb, EM interaction of W
pair ....

.f g (1 1)

)

i (p2)

fi(p1)
f3(ps)

»EW correction: effective scale of
the W pair production and decay |
process Fo(rm)

»(QCD correction

f8(py)
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Optimizing results for two data points
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Events/0.09 MeV

AT € (0.8,3)MeV is
required in further study

Workshop of CEPC, 24-26 May, Rome

The z axis is the
accumulation of
the fit results

The normal distribution of E;: E,
is break, and divide into two parts.
E;<160 GeV, E,>160 GeV is used
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AM-\»A{ kGe
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= T e
< 14— Aty
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3 \j
L w" «F=0.1
B v" E,=162.5 GeV ‘i' +F=02
:\ . v "" +F=0.3
25 L¥ F ‘v' H ‘w' vF=04
TLvaA * ‘rv":yf" +F=0.5
I : « F=0.6
- - ; s ! F=0.7
W - ‘;. H F=0.8
= 2 Vi ¥F=0.9
R TR
i " F E=158 GeV
L ’t ¢ ¢ I
L 0% : #
1.5 3 ‘ﬁ
B & X 3 S EY, @
¥ : w ey e
- t‘it‘i““;*“‘“::‘ﬁﬁiﬁl
= ﬂ 43 &M;;il
B 1 1 1 F‘i‘ 1 1 1 1
160 16 166
E, (GeV)
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S S =
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3 [ =
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< T 0; & : E,=159 GeV
* H
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1.8

12
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1.4
0
25
15 ] 0
AM+0.1AT (GeV)
+ E=161.5 GeV : E,=158.0 GeV
+ E=162.0 GeV = +
4 E,=162.5 GeV F=0.3 v
v E=163.0 GeV : *
+ E=163.5 GeV :
+ : . ¥
N v t I
i : ¥
¥ : « * ;
i ¥ yroe o x ¥ ¥
— I ‘ : ’ + i l
. ’ - r
T ¥y i b
P IR S NN S T SRR
0 0.2 0.4 0.6 0.8
F

AT MeV

1.8

1.2
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L % E,=161.5 GeV : E=157.5 GeV
[+ E,=162.0 GeV : '
L 4 E,=162.5 GeV F=0.3 v
| v E,=163.0 GeV T .t
L+ E,=163.5 GeV N
B . x : A
B * : . ¥
L : Y
B M * : o
B Lo * : * Y
| M x 1 ¥ v
B vy ¢ ooy ¥y £
i PR ; F 4
B ¥ M ¢ *
B a 7 I ; *
N I R S R B
0 0.2 04 0.6 0.8
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With: E;=157.5 GeV, E,=162.5 GeV, o5Y5(corr.) = 2 x 10~ *(relative),
AEgs=1.6 X 107 3(relative), AE=0. 5 MeV

Amy (MeV) ATy (MeV)

Sys. Sys.
Stat. s(corr.) AE AEgs  o° Total Stat. s(corr) AE AEgs  0.)f Total
0.1 0.71 0.47 0.35 - 0.92 0.92 4.6 0.31 0.52 0.43 0.74 4.7
0.15 0.73 0.47 0.37 - 0.94 0.9 3.7 0.28 0.52 0.55 0.8 3.8
0.2 0.76 0.45 0.37 - 0.96 0.96 3.3 0.26 0.52 0.60 0.84 3.4
0.25 0.78 0.46 0.37 - 0.98 0.98 3.0 0.23 0.51 0.76 0.94 3.1
0.3 0.81 0.48 0.38 - 1.02 1.02 2.7 0.22 0.54 0.88 1. 06 2.9
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Optimizing results for three data points
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Step A:  EE,

0.5MeV<AM=3.0MeV

ﬂ.ﬁMe\f-:.il"-:E.ﬂMe\F/

-
1.3

I(GEL? 166 156 c kag\n

A

The z axis is the acumulation . . o
of the fit result. The edge of E; <160, E,>160 GeV is used in further optimization

the distributions will affect
the optimization results.
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Ste P A: E 17 E 2
Ef:'lﬁﬂﬁev&&Ez}'lﬁﬂGEV

160
sl 7 165
FARRRER willine.
kg
-“"'“'lll===1 an 164
] ‘. "
e [T 8 158 LU ]
LI < 63—~
e & il Y
L -i-'-".l'.lll'.l:=;|. — E
uj : 162 o
LTOTTT | 5 Ly

0.2 : af
il

0.00

The optimal regions of E;, E, are similar as two data points:
E,~(157,158) GeV, E,~(162,163)GeV
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Step A: Fl

E £(156,159)8&E,=(161,164) (GeV)

AM+0.14T (Gev)

The optimal region of F; is similar as two data points: F;~0.3
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Optimization of E;

=156 GeV
=157 GeV  E;=162 GeV

[ ox BSI61GeV £ 161 Gev M E_lss v
> Default values: Ao LR . | v ESiSsdey Fe0s
R Fo=03 : CESILGey 05 £ isrs ey
E 2:162 GeV s | v E,=164 GeV E1=15E7-5 GeV e . EE%% ey = e
= = " = v E;=164 GeV
F]_ =F2=O.5 q“f v s i “r ¢ ! )
= 4 4 i v M Yy v I
~ H = A A & H A
» We change one variable ) R S —
. - E, (GeV) E, (GeV)
with fixing other three, ! :
and get the AT along E, =T v R Gev
distributions. v P0G EsEIGY D L[y R0 Est61Gev
25 =0 - ) L =0.5 :
- : iy F=0s E=157.5 GeV | ¢ E0e FROS E=157.5GeV  *
T [ 4 E08 % 16l 4 Fi=0.8 : *
» E;=157.5GeV is taken as § L7 F00 ) : § P YRS ' v
. . K 4 L . . ¥ + M
the optimized result. N . R SRR S S A B S
1. j ¥ ¥ ¥ ; » ; : ! ’ ¥ *
- # y ;i ¢ 2
i L R B R L. ‘ L ‘ I
154 156 El (GEV) 58 154 156 El (Gev) 158
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Optimization of E,

=156 GeV

x E ;=156 GeV E,=1 62_5 GeV E,;=161 GeV : E§=157 GeV E,=1 (:52.5 GeV E=157 GeV
|+ E=157 GeV : - 4 E,=158 GeV _
» Default values: T F=0.5 1T Eie Gev fos +
E,=1 GeV v Ei59Gev : Fy=0.5 E;=161 GeV : =03 1
= ~ M e i — =
1=157 Ge s | g | ipmEy '
E3=161 GeV § C ; . , § i v E,=164 GeV . } .
F, = F,=05 Tt A R B A R
i ¥ i 4 Yy i
i i Y i
» We change one variable T PR T R P “
. . o E, (GeV) 2 (e
with fixing other three, ’
and get the AT along E 2 :i;:g; E=157 GeV E2=562.5 GeV . ' i:E:g:; E=157 GeV Ez=isz.5 GeV
distributions. [iESa vemeteey ArEel E=161Gev
"4 F=05 F=05 1), F=05 Fz05
S0 : F=0.6 : : =~ ' F,=0.6 1
. G [+F=07 : S [+F,=07 *® Y
» E,=162.5GeVistakenas 2 :.r=0s I . S iE=08 i !
T 5 [YF=09 PO B M Y09 it
the optimized result. ; : : j i ¥
15— v ¥ i
- L 1 “r
Lo R I RS- DU T
Ez (GEV) 160 161 ]t;l (GEV) 164
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Optimization of F;

» Default values:

E,=157 GeV
E,=162 GeV
E;=161 GeV &
F,=0.5
» We change one variable
with fixing other three,

AT (MeV)

and get the AT along E,
distributions. f
S
» F;=0.31is taken as the s
<

optimized result. &

12
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E=161 GeV

. E=157 GeV s
+ E=162GeV T
K E]=163 GeV ; E3:1 61 GeV v ¥
v E=-164GeV i F2=0.5
L : A
- v F.=0.3 Vo
i LS S
B : ¥ , ¥
L : ry ¥
i Pt
- | | i | ‘ ) ) | |
1 s oa 0.6 0.8
F1
x E=156GeV E=157 GeV ’
+ E=157GeV | T !
s EF158GeV =162GeV | A
v EmisoGey | e102Ge ¢
+ E=160 GeV i F,=0.5
E=161 GeV : +
E=162Gev F=0.3 ¥ ¥
s E=163GeV 4 * .
v E=164 GeV +
r . S
- v ¥ y ¢
i L v !r N 2
= B F'y
L * )
[ AR S ‘ ' '
4 v o4 0.6 0.8
F1

1.8 -

=
>

AT (MeV)

-
S

1.2

AT (MeV)

*
x E,=161 GeV E.=157 GeV
+ E,=162GeV +
4 E,=163 GeV B=161 GeV
v E=164GeV i F,=0.5 ¥
T F;=0.3 . 4
L H v
: ¥ & ; M ‘
i I ¥ 7
| | T ‘ !
0 0.2 0.4 0.6 0.8
F 1
My E=157 GeV
i F=03
v F=04 E,=162 GeV
= :
iy o Fe0S ¢
i =0.8 —
. F0s F1:D.3 *
B A H
* * ¥ ¥ i
SRR EEE
L 4 ¥ b 4
| oy ¥
| | P L '
0 0.2 04 0.5 o8
F 1
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» Use the rough results from step A, the requirements below are used:
E, € (155,160)
E, € (160,164)
E; € (160,164)
F, =03,F, € (0,1)
the o5ys" is considered in the fit.

» For each specific scan, 200 samplings are used, oy ~G (G, Oips”

» So we can get the results by fitting the distributions of my,, I[,, of the specific scan
results.

Workshop of CEPC, 24-26 May, Rome shenpx@mail.nankai.edu.cn 37



Optimization of E; and F,

L8

L E=157.5 GeV : Ezfg; - E=157.5 GeV x E=160.5 GeV
L6 — Foos - + E,;=161.5 GeV
S : E,=162.5 GeV L L E,=1625GeV  , E;=162.5GeV
- _ g -
L E,=161.5Gev F=0.3 +F,=0.9 . F,=0.3 v E;=163.5 GeV
% 14— % [ . + E;=164.5 GeV
e T S - :
= 4 4 ¥ = | =0.
< B o < . ¥ + Fz-o-ig
12— d B + + :
IR i ! 121~ 4 ¥ - i i
: 4 - N T :
i 3 - . £
1L \ ‘ ; s | L A R 1 I T B B R
160 161 162E (Geviﬁl 164 165 0.2 0.4 F 0.6 0.8 1
3 2

E;=161.5 GeV and F,=0.9 are taken as the optimized results

Workshop of CEPC, 24-26 May, Rome shenpx@mail.nankai.edu.cn 38



Step B: El’ E2

0.5MeV=<AM<3.0MaV

Direct fit results

0.5MeV=Al<6.0MaV

i
Tl

The optimal regions of E;, E; from these
" 1 two results are consistent and the results
are similar as two data points:

—— E,~157.5GeV, E,~162.5GeV

0.5MeV <Al <6.0MeV

FLRere
LL11] | [Toee

I}
1T
"lli!#i. A1

il
"lllll=i.

ot
LU [

viln

i i e — Fit the my,, I}, of each fit results
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Step B: F2

Direct fit results Fit the my,, I}, of each fit results

E,=157.50GeV&&E,162.5GeV
F.=0.3

E,=157.50GeV&3.E,162.5GeV

F=0.3

0.0016
0.0014

AM+0, 14 I (Ge v 0.0012 0

The F, = 0.9 is used in further study
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Direct fit results

E,=157.50GeV&&E,162.5GeV
F.=0.3&&F,=0.9

0.0012
0.00118 160

Fit the my,, [}, of each fit results

E=157.50GeV&&E,162.5GeV
F.=0.3&&F,=0.9

165
164

163 N

0.00115

0.0011
AM+. AL (GeV)

0.00105 60

The minimal result favors E;~161.5 GeV
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» Use the rough results from step B, the configurations below are used:
E, =157.5,E, =162.5, E; = 161.5,F, = 0.3,F, = 0.9
oS = 2 x 1074, AE=0. 5 MeV, Egg=1. 6x 1073, AEs=0. 01
> oww~G(ogw, oS%T), E~G(EY, AE) + G(ED, AE), EJ and EJ, are smeared with Egg,
Eps~G (Eps, AEps)

» By 500 samplings, we fit the distributions of my,, I, and the corresponding

uncertainties are:  Amy,~1 MeV, Al},~2.8 MeV
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