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czrl Outline

B Motive of W mass measurements
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B WW production and decay
B The ways to measure W mass
- Benefit of each way
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- Uncertainties for each way
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c=22, Motive of W Mass Measurement

B Preparing a next microscope.

B Developing in important tools for indirect information on new physics.
Discovery can be better prepared if we know where to look
Once a new state is discovered, it would need a framework to build the full

picture (e.g. test the New Standard Model, give indications where other

state could be ) o230+ 1+
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c=22, Motive of W Mass Measurement

B More precise measurement of W mass could lead to more precise weak mixing

angle. Weak mixing angle describes the rotation of the original W% and B¢

vector states into the observed y and Z boson as the results of spontaneous

symmetry breaking. (test Higgs mechanism)
B It constrains a new physics beyond the Standard Model.

B Electroweak radiative corrections of W or Z boson is sensitive to new physics.
B Current results sin’ 0, =0.23153£0.00016
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ce2, Motive of W Mass Measurement

B The uncertainty of current W mass measurement is around 12 MeV,

\\\\\\\\\
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CEP

B In the ete- machine, W boson is mainly produced in a pair.

B Can produce W+W- with center-of-mass, Vs > 161 GeV.
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Ref. [4]
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@ c2r. Two Ways for W-boson Mass Measurement

WW Threshold Scan Direct Measurement
B WW threshold runs (157~172 GeV) B Performed in ZH runs (240 GeV)
B Expected precision 1 MeV at CEPC B Expected precision 2~3 MeV at CEPC
—~ | . . | . . ALEPH
a 201LEP il = ]
S ,
§ YFSWW and Racoon+WW . g o | — | uvqq channel ]
© g 1 qq
< | mzz ,
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Operation Vs L per IP Years  Total [ L Event
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7 91.2 32 (%) 2 16 7 % 1011
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Ref. [5, 6]



cz7¢. Benefit of WW Threshold Scan

1. WW production threshold is very sensitive to mw, mw can be measured from

threshold scans.

2. The threshold scan method suffered from large statistical uncertainty at LEP

(about 200 MeV).

3. CEPC can provide a 4-point threshold scan with 2.6 ab-! integral luminosity.
4. Strong rely on stability of beam energy.

Ref. [7]
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“Z7(”, WW Threshold Scan(Systematics Uncertainty)

B Consider the beam spread uncertainty (Egs), beam energy uncertainty, signal efficiency,

cross section uncertainty, and background uncertainty.

15 x10° Done by Pei-Xun Shen (Nankai University)

- EBS
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% Egs + AEgs is used in the simulation, and Egs is for the fit Done by Pei-Xun Shen (Nankai University)

formula. " — m,=80.385 GeV, I',=2.085 GeV GENTLE

10+ #=79.385-81.835 GeV, T',=2.085 GeV |

% The mw insensitive AEps to when taking data around " [ m,,=80.385 GeV, TI',,=1.085-3.085 GeV
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@/ “27¢,  WW Threshold Scan(running plan)

B WW threshold scan running proposal:
© Assuming one year data taking in WW threshold (2.6 ab-1)
© Four center-of-mass energy scan points:
* 157.5, 161.5, 162.5 (W mass, W width measurements)
* 172.0 GeV ( agcp (mw) measurements, Br(W—had), CKM |Vcs| )
* 16M WW events will be collected in total threshold scan data. (Amount of
W is 400 times larger than LEP2 during threshold scan runs)

201LEP ;

YFSWW and RacoonWW

o)
£
=
=
6

Ecm(GeV) Lumi(ab!) XS(pb) Number of WW pairs(1065)

........

1575 05  1.25 0.6 o i
1615 0.2  3.89 0.8
1625 1.3 502 6.5
1720 06 122 6.1

160 180 200
Ref. [6] Vs (GeV)
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¥ ¢  WW Threshold Scan(Uncertainty)

B Statistics is enough for branching ratio measurement Br(W—had) and aqcp
(mw) measurements.

B Statistics uncertainty is one of the limiting factor for W mass and W width
measurement with CEPC one year running plan. (2.6 ab-1)

B According to the CDR, the total uncertainty of WW threshold scan manner is
expected to be 1 MeV at CEPC.

Observable Mw I'w

Source Uncertainty (MeV)

Statistics 0.8 2.7

Beam energy 0.4 0.6 — accelerator
Beam spread — 0.9 — accelerator
Corr. Syst. 0.4 0.2 — Lumi unc. &
Total 1.0 2.8 signal effi. &

theory XS unc.
Ref. [7]
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cEpl Beneftit of Direct Measurement

1. No dedicated run is needed: all the measurements can be done in ZH runs
with Vs = 240 GeV. It also represents that this method has a lower
requirement for accelerator performance.

Not affect by beam energy uncertainty.

Semi-leptonic channel has more statistic than fully leptonic channel.

Provide a better measurement than threshold scans at LEP.

AN

Main challenge is to handle the uncertainty due to QED radiation. It can be

reduced to the 1 MeV level by using 1000 fb-1.

Ref. [7]
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@ =Pl W Mass Direct Measurement

B Benefited by excellent jet energy resolution and PFA oriented detector.
B The W, Z, and Higgs bosons in dijet final state can be well separated in CEPC.

B [t is possible to measure W mass from direct dijet mass reconstruction.

0.3 (240 GeV)
. I I I I e | I I T T [T I I I : I I | I I I | ! I I | I I ]
i CEPC Preliminary _ 0 06‘_ CEPC Preliminary_|
i N (;:;;mlg LI i . - WW — uvqq (ud) Cleaned |
0.25- . OMS g;ons ) 7 B 77 — V\_/'qﬁ (ud) Cleaned _

B uds quarks i 0.05+
i B CMS cb quarks i i = Vqu (82) Cleaned - i
0.2 N CEPC usd quarks ] % : i
T . o % CEPC b quarks 1 O 0.04 :_ _:
i 0.15 — i CEPC c quarks _ CLg - ]
I " 4 2 B i
0.1— - <« B i
. o 2 i < 0.02- ]
- "o L O - [ ]
O . 05 N ‘A'*‘ *( ‘ ‘ ] - |
B Rnrmg e i 0.01 — __
O_ ] ] ] ] L1 I-Ill02 ] ] ] ] [ I-Ill03 ] O: | _ L -.r_._._uﬂ r ! :L - ! ) | :

GeV 60 80 100 120 140 1 60
T, Reco [ € ]

m; [GeV] Ref. [8]

13



W Mass Direct Measurement

B Reconstruct dijet mass from WW—puvqq process in ZH run.

- Major systematic is from jet energy scale (JES) uncertainty (2~3 MeV)

* Main uncertainty is from jet flavor composition and jet flavor response.
> Calibrate JES with Tera-Z (Z—qq).

%1 03 ete > WW—-uvqgq CEPC Preliminary (240 GeV)

22000, s somas  moye
200 o, =34630 +0.0092 =
N — BW®DBCB
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%) 1 60 " Entries = 4924689 .
O 140F o,,./\N, =0.0016 ] 3
LO - ]
o 120 ;— _;
_g 100 ;— _;
£ 80 =
LLl - ]
60 - -
40 =
20 =
O Clov v v b v bvnv b by g o 07

65 70 75 80 85 90 95 100

m; [GeV]
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@ 7  Direct Measurement(Uncertainty)

B After calibration, the major systematics, jet energy scale uncertainty is expected
to be reduced to 1.5 MeV.

B The total uncertainty of direct W mass measurement is expected to be 3 MeV at

CEPC.
Collider LEP CEPC
Vs (GeV) 180-203 240
| Ldt 2.6 fb-1 5.6 ab-
Channels lvqq, qgqq lvgq
Source Uncertainty (MeV)
Statistics 25 1.0
Beam energy 9 1.0 — accelerator
Hadronization 13 1.5 — theory
Radiative corrections 8 1.0 — theory
Detector effects 10 1.5 — jet flavor response
Total 33 3.0

Ref. [7]
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Prospect of W Mass Measurement at CEPC

B CEPC can improve current precision of W mass by one order of magnitude.

A possible BSM physics can be discovered in the future.

N 25 | | | | | | | | | | | L | | | | | | | 1 | | | | | 7 | | | | |
52 \ | : ' _
< s [] Present SM fit ‘ -

| || Prospects for LHC ‘ i
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- I-O-i Direct measurement p-resent/LHCﬂLC) -

L N . ST o IR FA U AU _
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Ref. [1]
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“27(. Prospect of W Mass Measurement at CEPC

B CEPC can improve current precision of W mass by one order of magnitude.
~ A possible BSM physics can be discovered in the future.

© Oblique parameter, U is only constrained by the W mass and its total width.

= OSSP o T T T

fit contours for U=0 (SMref: M,=125 GeV, m =173 GeV)
" 68% and 95% CL for present fit

95% CL for asymmetries & sinze'eﬂ(QFB)

95% CL for Z widths

Bl 95% CL for M, & Ty,

0.4
0.3

0.2
0.1
0
-0.1

SM Prediction

-0.2 M, = 125.14 + 0.24 GeV
m, = 173.34 + 0.91 GeV
-0.3
04
_.5:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
-05 -04 -03 -0.2 -0.1 0 01 02 03 04 5
Ref. [1]

(/)] .o_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

17



pritig

cEpll Conclusion

B The excellent performance of the ILC, CEPC, FCC-ee colliders with clean,
advantageous Kinematics of ete- annihilation events offer a high precision to explore

and probe the new physics.

AMy, [MeV] LEP2 | ILC | ILC | ILC CEPC FCC-ee CEPC
Vs [GeV] 172-209 | 250 | 350 | 500 160 160 240
L [fb™1] 3.0 500 | 350 | 1000 2.6 ab 10 ab- 5.6 ab!
Plem) [ 0 S0 80180\ threshold  WW threshold Direct
P(et) [%] 0 30 30 30 measurement
beam energy 9 0.8 | 1.1 1.6 0.6 — 1.0
luminosity spectrum | N/A 1.0 | 1.4 | 2.0 _ _ _
hadronization 13 1.3 1.3 1.3 — — 1.5
radiative corrections 8 1.2 | 1.5 1.8 — — 1.0
detector effects 10 1.0 | 1.0 1.0 — — 1.5
other systematics 3 0.3 | 0.3 0.3 0.2 — —
total systematics 21 2.4 | 2.9 3.5 0.6 — 2.5
statistical 30 1.5 | 2.1 1.8 0.8 0.3 1.0
total 36 2.8 | 3.6 3.9 1.0 1.0 3.0

Ref. [1, 7, 9]
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Higgs W Z3T) | Z(2T)
Number of IPs 2
Beam energy (GeV) 120 80 45.5
Circumference (km) 100
Synchrotron radiation loss/turn (GeV) | 1.73 0.34 0.036
Crossing angle at IP (mrad) 16.5 x 2
Piwinski angle 3.48 7 23.8
Bunch number 242 1524 | 12000 (10% gap)
Bunch spacing (ns) 680 210 25
No. of particles/bunch N, (10'%) 15 12 8
Beam current (mA) 17.4 87.9 461
Synch. radiation power (MW) 30 30 16.5
Bending radius (km) 10.7
S function at IP: 8% (m) 0.36 0.36 0.2 0.2
B, (m) 0.0015 | 0.0015 | 0.0015 | 0.001
Emittance: x (nm) 1.21 0.54 0.18 0.18
y (nm) 0.0024 | 0.0016 | 0.004 | 0.0016
Beam size at IP: o, (um) 20.9 13.9 6.0 6.0
oy (um) 0.06 0.049 | 0.078 0.04
Beam-beam parameters: &, 0.018 | 0.013 | 0.004 | 0.004
&y 0.109 | 0.123 0.06 0.079
RF voltage Vir (GV) 2.17 0.47 0.1
RF frequency frr (MHz) 650
Natural bunch length o, (mm) 2.72 2.98 2.42
Bunch length o, (mm) 4.4 59 8.5
Natural energy spread (%) 0.1 0.066 0.038
Energy spread (%) 0.134 | 0.098 0.08
Photon number due to beamstrahlung | 0.082 0.05 0.023
Lifetime (hour) 0.43 1.4 4.6 2.5
F (hour glass) 0.89 0.94 0.99
Luminosity/IP (103* cm—2s71) 3 10 17 32
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ce2, Motive of W Mass Measurement
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Ref. [1]
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80.38

80.36

80.34

80.32

CEP

68% and 95% CL fit contours
w/o M, and sin®(6! ) measurements
B Present SM fit
Prospects for LHC
Il Prospects for ILC/GigaZ

sin*(0l,) * 1o

Present measurement
ILC precision

=
=
H
P~
a

€] fitter|?

80.3
0.231 0.2311 0.2312 0.2313 0.2314 0.2315 0.2316 0.2317 0.2318 0.2319

sin’(6)
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Motive of W Mass Measurement
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B Present uncertainties i
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0 — ]
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Ref. [1]
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7 Moti f W Mass M
,—/ S
cepll ofive O ass Measurement
Measured 6" / Gyeamw Measured 6" / Ggagoonwn

183 GeV 1.037 + 0.022 183 GeV 1.036 + 0.022
189 GeV o 0.987 + 0.013 189 GeV 0.988 +0.013
192 GeV _d 0.991 +0.028 192 GeV 0.994 + 0.028
196 GeV | 1.009 £ 0.018 196 GeV 1.011 £0.018
200 GeV N 0.985 + 0.017 200 GeV 0.987 +0.017
202 GeV B 0.994 + 0.023 202 GeV 0.997 +0.023
205 GeV + 0.982 + 0.017 205 GeV 0.984 £ 0.017
207 GeV | & 1.003 + 0.014 207 GeV 1.007 £ 0.014
LEP combined 0.995 + 0.008 LEP combined ¢ 0.997 % 0.008

’/ndf=32.2/31 ' ’ */ndf=32.0/31

o9 " AT Tk 09 1. 11

Ref. [3]
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W Leptonic Branching Ratios

ALEPH ] 10.78 + 0.29
DELPHI -y 10.55+ 0.34
L3 o i 10.78 + 0.32
OPAL i | 10.71 + 0.27
LEP W—sev o 10.71 + 0.16
ALEPH e 10.87 + 0.26
DELPHI _at 10.65+ 0.27
L3 e | 10.03+ 0.31
OPAL 4 10.78 + 0.26
LEP Wopy o 10.63 + 0.15
ALEPH o 11.25+ 0.38
DELPHI  _a 11.46 + 0.43
L3 e 11.89+ 0.45
OPAL " 11,14+ 0.31
LEP W—s1y o 11.38 + 0.21

| y°/Indf =6.3/9
LEP W—lv ® 10.86 = 0.09

; x°/ndf =15.4 /11

e

10117712

Br(W—lv) [%]

20

@/ =2 Motive of W Mass Measurement

W Hadronic Branching Ratio

ALEPH
DELPHI
L3
OPAL

LEP

& 67.13 £ 0.40
67.45+t 0.48

i 67.50 + 0.52
] | 67.41+ 0.44
< 67.41 £ 0.27

66 68 70

Br(W—hadrons) [%]

x°/ndf = 15.4 / 11

Ref. [3]



Benetit of Direct Measurement

AMw(MeV) LEP CEPC

Vs(GeV) 161 250

[ L(fb-1) 3 1000

Channel lvqq, qqqq lvqq

Beam energy 9 1.0

Hadronization 13 1.5

Radiative corrections 8 1.0

Lepton and missing energy scale 10 1.5

Bias in mass reconstruction 3 0.5

Statistics 30 1.0

Overal systematics 21 2.5

Total 36 3.0

Ref. [7]
Pei-Zhu Lai (NCU, Taiwan) 27 CEPC Workshop, Nov 12~14, 2018



V1(WW-puvqq)

Tot # of event
nirack > 7

Muon Selection

Detector acceptance
Icos(6,)] < 0.995

Ptmiss > 10 GeV

Visible mass > 0.5*Vs

Two jets b-tag score < 0.5

Two jets c-tag score < 0.6

Pei-Zhu Lai (NCU, Taiwan)

# of event

5799018
5772755
4846986

4846986

4651878
4323619
4024306
2801400

Efficiency

99.6%
83.5%

83.5%

80.2%
74.5%
69.4%
48.3%

Efficiency w.r.t. previous

96.0%
92.9%
93.1%
69.6%
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mw (GeV)

mz (GeV)

mu (GeV)

Summary

Jets / PFOs wi/wo Clean wi/wo Cali

82.66 + 3.54

82.79 = 3.34

80.72 £ 3.46

80.82 + 3.23

82.63 + 3.53

82.77 £ 3.32

93.69 + 3.89

93.95 + 3.48

91.67 £3.77

91.76 + 3.39

93.69 + 3.89

93.90 = 3.54

127.48 + 4.93

127.31 £ 4.54

125.02 + 5.11

124.39 + 4.39

127.57 +4.80

127.83 = 4.50

Jets

Jets

Jets

Jets

PFOs

PFOs
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