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BetaREMSSHBIEA: WRIFRISIA

electron . electron

antineutrino

antineutrino

M=GF(Upl"un)(UeI'u\,)
| M= GI_.(u [u ) > 5. (U Ty
(M w “=-q)

neutron » neutron

a. Fermi's 4-point Interaction, 1934 b.Weak Interaction mediated by boson, 1938

4 FH{ATFHEER: BIhEA T Betal®¥E . Muon-decayF{TH
B4 X FHEEFHASEESRE TREXEN, NYASIAERENFPEIKE FW
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yarticles, all clearly identifiable as hadrons, as they interact with other
J ) charged lepton.
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WHIZEFRIE RN

® C. Rubbia BHIBCERNBEFIN:E2ESPSK A&
FREFXTEY,., S. van der MeerskFHE 1972
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Figure 7: Feynman diagram for the direct production of a W particle. /

ggl.lm.m,- Ev=220 000
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IMERBEARWRIFRIRE

Electromagnetic constant: Weinberg angle:

measured_in atomic transitions, measured at LEP/SLC
e*e- machines

B 2 NZE-ERARSES

Fermi constant:
measured in muon decay

Radiative correctionsA
Ar ~ f(mtzOp, INnmgy)
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1983 CERN SPS — W discovery
' 1983 — UAT
. Tevatron mW =81+ 5 GeV

DO

®
m CDF 1992 — UA2 (with mZ from LEP)

LEP
OPAL

W,ﬁsgmusﬂg * * £ E L1 m, = 80.35+ 0.37 GeV
REEINIEE uf . *_DELM 2013 — LEP combined

ALEPH
bJE [ o vomen W o m e m  =80.376 + 0.033 GeV

» 2013 — Tevatron combined
m, = 80.387 + 0.016 GeV

1980 1985 1990 1995 2000 2005 2016 2015 2020 - 2017_LHC (ATLAS)

year

@ Only four W-boson mass m =80.370+0.019 GeV
measurements in the last 7 years "

p Complex measurements
which require O(5-7) years
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s —EICHLBIA ~20214F 1R

| =

FESERNEY: TXAH. HEXEK, REEE vs MIINE

CHTH WARATE ZaTRE WETRE HREA Higos/ii = top/ii =
2
o Gg M., \Y B sin“Byy, My 90
;z paer By Ry (10) Fundamental constant &x/x
pole asymmetries (10) Y
B a= 1/137.035999139 (31) Bl € &
direct M,
B 2! except direct M, (90%) GF - l 1 663787 (6) % 10-5 Gev-z ] % 10-(» w lifetime . % N E-ERARELES

M, = 91.1876 + 0.0021 GeV 1105 LEP

&
My, = 80.379 £0.012 GeV [ <10 SR LR LT
L WER-PER

sin’0y, = 0.23152 + 0.00014 LEP/SLD

m,, = 172.74 + 0.46 GeV Tevatron/LHC

op

12514015 Gey: -3 LHC
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SR —IRICE2 /T 2021 FRER

> B 320215, WK & T/ 26 a0 18k €55 210 28 w618 = 20

. m easurem ent

and MH m easurem ent

malnput
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% EIWKR-FER

direct (10)
indirect (10)
all data (90%)

0 - _
80.32 80.33 80.34 80.35 80.36 80.37 80.38 80.39 804 80.41

M, [GeV]
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CDF Il EIERITRFEESR

Shots to prevent cancer show Visualizing a key step in Silk-wrapped food wins
early promise p 126 cytokine signaling pp 1394163 Bll & Science Prize p 145

DO |

$15
8 APRIL 2022

sclence.org

CDF |
AVAAAS

DELPHI

L3

OPAL

ALEPH :
2% AT E—ERAREES

DO Il
CDF Il old - _
ATLAS | - @
LHCb | s S
CDF |l 2 |

D4

WA-FER

L )

79900 80000 80100 80200 80300 80400 80500 | \. ~-~ |
o =) ¥
W boson mass (MeV/c<)

SM: My, = 80357 £ 6 MeV (7.00) Iz

Iz
World average: My, = 80379 % 12 MeV (3.60) HEAVYWEIGHT

CDFll old: M, = 80387 += 19 MeV (2.20) W boson mass measures higher than expected pp.125,136.4 170
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Hadron Colliders

Tevatron, Fermilab, Chicago | LHC
highest energy collider up to 2009 highest energy collider now

1 96 TeV 7-13 TeV — 14 TeV

4' \E:—- N !
Main In]ector J
& Recycler

p sou(ce

.......

s
et

‘\\e ‘J.-,_‘.—/-A

X 30-50 luminosity?
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Tevatron[&—+-RGEFXIE L WHIFBIF=E4

Quark Tt GluonS

Antiquark

o O NZE-ERARSES

¢ | \ 2 ~._ Neutrino

-~
-

Quark-antiquark annihilation A W N N
dominates (80%)

Hadronic recoil

Lepton p carries most of /# mass
information, can be measured precisely (achieved 0.004%)

O YFWHREHE
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CDFE36 E W [RERINIE

MW is extracted from kinematic distributions for both electron and muon channels

. Hadronic recoil: u; = Z E; . ,excluding electron/muon

l
—

e Missing E: p7. = — ﬁ’IT— U

o Transverse mass: m; = \/ 2p7pi(1 — cosAgp)

2 NZB-ERARSES

- My, = 81 GeV
e Monte Carlo template

v

wwo[-/ My, = 80 GeV

Transverse Mass (GeV)
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CDF 1 (2.2 fb-') 5 CDF Il (8.8 fb-) BYZERLLER

Uncertainty
Previous CDF results (2.2fb_])

SOUrce l 'll('('l'lzlilll_\' (MeV) Source Uncertainty (MEV)
ot Bnoray Sonls - Lepton energy scale .
Lept |‘| Energv Scal | ( .. pton ener gy scale e e S B . Higher order QED
Lepton Energyv Resolution 2 Lepton energy resolution 12 ™
PR - S - . Recoil energy scale 1.2 .
]\1.(Hl‘| l,ll e . .Il . S oot asesssarssens g y ................. T Reco” model
Recoil Energy Resolution | Recoil energy resolution 18 "~
u) efficiency () Lepton efficiency 04
Lepton Removal ) Lepton removal 12 Close
Backgrounds 3 Backgrounds 3.3 Close
: i 7
/'/ l H ’ ““”l“l *J meOdeI ....................................................... 18New Constralns added
Parton Distributions [0 CTEQ6.6 NLO p?’/p%model .............................................. 13 .................
QED radiation 1 Parton distributions 3.9 NNPDF3.1 NNLO, more inputs
LY SON statistics |2 QEDradlatlon ............................................. 27 .................

Total @

Central value

IETEWHIE: YFW;

Improved COT alignment
New CDF results (8.8fb_1) and drift model

+« Detailed treatment of parton distribution functions

+3.5 MeV

Resolved beam-constraining bias in CDF reconstruction
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SEISIRE . CDFIISATLASHILHCbAIEKES

- o T Source Uncertainty (MeV)
OUUICC UICCrallity A
Source Size [ MeV] Lepton energy scale
Parton distribution functions 19 | Muon 6.6
Theory (excl. PDFs) total 17 Electron 6.4 Recoil energy scale [\«
R Y T . ; ecoﬂenergyres o ;
Angular coefficients 10 Recoll 2.9 '
QED FSR model 7 Bkg 4.5 -
Additional electroweak corrections T
Experimental total | QCD 8.3 ' & % nzs-EnAmrEs

Momentum scale and resolution modelling EW 55
Muon ID, trigger and tracking efficiency :

[solation efficiency PDF @'

QCD background
Statistical Stat. 6.8

Total ‘ Total

ATLAS high mu (4.1-4.6 inv fb) New CDF results (8.8 inv fb)
LHCb ATLAS low mu (0.257 0.34 inv fb): Stat~12, 8

ATLAS, Eur.Phys.J.C (2018) 78:110

% EIR-SES
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ElRXFCDFIIGRAILRTIESR

\ arioparts (90) . 2
N?g =30l I — ey W mass discussion
mangi . o Hao q anrong Xu Hechong Ha i :
— ;-- Tuesday, April 26, 2022 from 08:00 to 18:00 (Asia/Shanghai)

B menc (Co-hoat, me!

. Shanthen Chen D4ost) @ -
Description Wbo

W Boson Mass Measurements from Different Experiments o
sl Kotms

SM . Liarta) Warg (Co tost)

DOI e m—
.:

M Chasg HEN

COF | . - e - -

DELPHI * 8 curanrs

L3
Passwd: 480963

Material:  video

Tuesday, April 26, 2022

HZ) o0 2harg

|

HH Vecrong Man(mEP
80000 80100 80200 80300 80400 80500
W boson mass (MeV/c”)
SM expectation: M 80,357 + 4 + 4 (PDG 2020)
LHCb measurement : M_ = 80,354 + 23 UHEP 2022, 36 (2022

twal, IHEP Beipng, 42622
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REILGIRE ~ 6 MeV
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FREAISEISIEUE: ATLAS + CMS HE

« ppXJ3E, PDFEVIRZEEppbarXfiEE X ATLAS Simulation Preliminary

ls=14TeV, u>=2 B stat. © PDF 200 pb™*

k“ﬁﬁéﬁ?&%ﬁj i T_*Eﬁﬁ M=, i&;}élﬂﬁb% (=) my from m & pl, | <4 [ stat. ® PDF 1 b

- HERAFHSIWL ~ 2B RS EERE, F i For
TEHRNEDHEERE, SiHREA

ATL-PHYS-PUB-2018-026

ATLAS Online, 13 TeV JLdt=146.9 fp !

2015: <u> =134
2016: <u> = 25.1
2017: <u> = 37.8

A % WZEe-ENAREER
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\ Y ) \_T_)
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IR : T
11 MeV 5 MeV

60 70 80

Mean Number of Interactions per Crossing
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NSRCDFUSIETR, WAIERWRIFRIRERZE

* W THREBRELZEREREANEZIE

2 = === LEP2/Tevatron
) myy Ta .
1 — (1 + ) - this measurement

experimental unc. 68% CL

light supersymmetry

LLLATY

B 2 NZE-ERARSEES

_

S

Y, dEIEGE_ MO
Heinemeyer, Hollik, Weiglein, Zeune '20 7 BHA-FESR

. /\ﬁglAﬁﬁ*ﬁ%Z—ﬂ[’xiﬂg y #iﬁgwﬁ'? 171 172 173 174 175 176
R m‘[e]
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filan

* WK Z'1REY

* Composited Higgs Model with
Top partner

* Top squark

« 2HDM 1=#!

* RETRT

o #BXTFR

* HiggstH <RSP iR &Y

& YFWHREHE

90%CL
— ST 8 4

— ST, x°.=326 |

6GF><100

Lots ol theoretical activities and last increasing:
L SR T b Tang, Y. Tsai, .. Wu: 2204.03693 (DM); C. Lu, L. Wu, Y. Wu, B. Zhu:
2204.03996 (g-2); G.-W. Yuan, L. Zu, L. Feng, Y.-F. Cai: 2204.04183 (axion);
Strumia: 2204.04191 (Z’, T); J.M. Yang & Y. Zhang: 2204.04202 (SUSY)
J. Blas, et al.: 2204.04204 (EFT, top hit); J. Gu, Z. Liu, T. Mal J. Shu; arXiv:2204.05296;

(W',Z",SUSY); M. Endo, S. Mishima: 2204.05965: T. Biekottrt, S. Heinemetre, G. \\"’eiglain:
2204.06975 (Higgs); ... ... 1
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IR WIRERI SRR

~\HYDHI? 5 (H'e H)WS B
A2 ‘H DMH‘ A2 ( t ) UV
- 1 1 - B P 9 B2 ek
For a 107° correction to the W mass: A ~ 6TeV Fio LT |

Also, new physics must couple to the Higgs

B % U E—ERAREES

: 1 1
SM 1-loop couplings (e.g. h = gg,h - yy): ~ (v)? HYTHF? ~ TV HTHF? "

% EIR-SES

The correction to these can be as large as 10(s)% for h = gg
and a few percent for h - yy

& YFWHREHE
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ZF REHEBESZEFYIERZN

AR RUFBEESErEE, MRNEIER, FTEEBEPRSIANFRF

* ETHENNFE (QED) It TIHER (2
s HEWE FAESRETIEE FHXE
 sr FoRE B {EABIIBEREIE~4ER

- BT EZTRMN (HVP) Y ; %)
gﬁ%l_lght by L|ght%ﬁ§j- (Hl—bl—) B 2 NzE-ENAREES
| ’ * | u !
0, =(9,-2)/2 | BigHhE (x 10M) EigiRE 7 "
T A

a53)|) \% f;f_ n/%
(_WH%) e e

QED electroweak

5 B 2
=

116584718.931 LO hadronic  hadronic LbL =
153.6

i—\l
=B

% EIR-SES

aSM QED
a,” =aq, +a

= |
o

6845
92
116591810

EW X alI;IVP 1. aHLbL

=116 591 810 (43)x10‘11
T. Aoyama et al., Phys. Rep. 887 (2020) 1-166

e H- IBE
_b =
w O
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IEEHIE: YFW;

RFYBARR: & E AR IE R

. EILERSE _—
« ILC: 250 GeV, 1x1034 cm=3s1, ~7B$, ~2025/2035 ;'
. CLIC: 380 GeV, 1x1034 cm-2s-1, ~7B$, ~2030/2040 NN
 Circular Collider
» FCC-ee: 90-350 GeV, 8x1034 cm=2s1, ~10B$, ~2030/2040
« CEPC: 90-250 GeV, 5x103% cm=3s1, ~5B$, ~2025/2035

* proton-proton
» FCC-hh: 100 TeV, ~1x10% cm2s-1, ~20B$, ~2050/2060
 SPPC: 100 TeV, ~1x103%> cm-32s-1, ~10B$, ~2045/2055 =
« ep: LHeC &

*H g B % WEk-ER

B % NZE-ERNAREES

« Proton driver: muon cooling ?
« e*: enough intensity ?

T FRIENERSS

B B & &

PN B & SRMG(429) B5 RzF3
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SESFENRE: IEfalFHiggs T

High-priority future
Initiatives

EUSPP 2020

An electron-positron Higgs factory is the highest-priority next collider For the
longer term, the European particle physics community has the ambition to operate
a proton-proton collider at the highest achievable energy. Accomplishing these
compelling goals will require innovation and cutting-edge technology

=4

HE: 2012. 942 HHCEPC-SPPCi% A8 ;
2016.87 [F = e s H

“CEPC & 3k E AR RN Al A fg 1
HiEmH”

HA. HI0FEAEHERILCEHA
B e

"

H

a Y NZE—ERARSES

(My) remarks:

g ISttrate‘g}_y gives a| dir?cti;rég)l; future CO”idfr(S) ?t CEfF{EC(gC;C).‘E.rlidertwt:dfe?s.ilbility study first. Eﬁﬂ”(ZOZO) Eﬁ EE,?HIQQS_AJ#IEIL: 2 Wik
ntensified accelerator o prepare alternatives i easibility study fails : o . =2 2 — =

L No consensus in European community on which type of Higgs factory (linear or circular) ﬂiﬂ%ﬁ@ﬂﬁ%ﬂ‘]ﬁ W'ﬁﬁ%é& AR

If FCC feasibility study successful and project approved > FCC-ee is natural choice at CERN HAHH W RE = R 0] 88 5 1 i 1% Ji&

Q ILC: - compatible with ESPP if timely (otherwise conflict of resources with next collider at CERN) *)_L
- are ILC and FCC-ee complementary enough in terms of physics? No consensus

= QO Chinese colliders (CepC, SppC):direct competition |2 if CepC goes ahead, Europe would go

directly to FCC-hh (if feasible) % = - |-&Snowmassi<fi/é

& YFWHREHE
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CEPC_LI5fMIEWH F R =

« FBEWRIF=4MERRBEENTMH, BRUEWWAIFEUI=ERE, NamllEERE
s LRI A REERNHIL: 15:35E0T8], K829 1400 FWW 41 (LEP2RJ40013)
+ 3MBEE: 157.5, 161.5, 162.5 GeV

S (er-\) Lumiosity§ Cross Number of
(ab!) section (pb) WW pairs (M)
Lol & s
161.2 0.2

1L 7ES 168

Observable

B % NZE-ERNAREES

Source Uncertainty (MeV)

—— m=80.379 GeV, I',=2.085 GeV

10 B m,,=79.379-81.379 GeV, I',,=2.085 GeV

Statistics 0.8 2.7 = e >
[ m=80.379 GeV, I'=1.085-3.085 GeV @,

Beam energy 0.4 0.6

% BIEER-PES

Beam spread = 0.9
Corr. syst. 0.4 0.2

Total m 2.8

: Vs=162.3 GeV

& YFWHREHE



Effects of g2 at CEPC

1-loop effects 2-loop effects

From Jiarong Yuan's slide

LHC discovery difficult.

r

)

5 }, }l+
\\ r /
/\y\/\&\) /n g :
// " - Tiny rate (~ab), large background
“a -
\ l‘

Direct search limited by Ecwm ( extra motivation for ttbar) .

ut CEPC: BR(Z - 4u or 2u2y) ~ 107"

i
& e ol
WO T — ~ 1074 =105

l\. I*p

Pseudo scalar Higgs also probed by EW precision tests,
H flavor physics at CEPC

.Precision Z measurement at CEPC could provide complementary information. By L.T. Wang

& YFWHREHE

Within the reach of Tera Z.
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Muon Substructure

* Compositeness at around 100 GeV

* Not yet a complete model, but an interesting

direction to pursue.

* Coupling specifically to muon, could be difficult
for the LHC.

B Y NEE—ERARFES

» At CEPC: Z decays gives 10'° s muons &

% EIWKR-FER

* Great opportunities to pursue such new physics!

By L.T. Wang
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MBIhRYEE: SHES(EIE)/RRESET

C3: Cool Copper Collider (2203.07646): 120 MV/m
Helen: High Energy Lepton Collider (2203.08211): 55 — 90 MV/m
XCC: X-ray FEL-based gamma-gamma Collider (2203.08484)

Energy Recovery technology: CERC (ERL boosted FCC), ERLC (Twin LC), ReliC
(Recycling Linear Collider)

—a
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o

o

»
o
=
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3
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\
=
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£
=
-
s

B Y NEE—ERARFES

10°
s [GeV]
Twin LC with energy recovery

>
&
o~
" Bk A4 O
~head-on coll. acceleration v E‘L%;* FER

o~ beam dump
wiggler(-dE~0.025 GeV)
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{Heisenberg in the Atomic Age) by Cathryn Carson: “Heisenberg has always, his
col league suggested, shown a ‘certain dislike for accelerators’ , ** and had
written letters to block DESY' s funding” ;: “His expectations for the machine’ s
payoff drew from his sense of the future of particle physics”
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(My) remarks: Fabiola Gianotti, CERN DG, June 2020

Q Strategy gives a direction for future collider(s) at CERN (FCC). Prudent: feasibility study first. &f}”(zozo) IEﬁ EE—T’—-H|ggS:]:}_‘7\Eé

Q Intensified accelerator R&D to prepare alternatives if FCC feasibility study fails R N B2 f

Q No consensus in European community on which type of Higgs factory (linear or circular) **Niﬁ*ﬂﬁ%%ﬂi@{t%?ﬁo A
If FCC feasibility study successful and project approved - FCC-ee is natural choice at CERN HAEE 3 & ae = R 0] G = B i 1 0] Ji

O ILC: - compatible with ESPP if timely (otherwise conflict of resources with next collider at CERN) HL

- are ILC and FCC-ee complementary enough in terms of physics? No consensus
Q Chinese colliders (CepC, SppC):direct competition | if CepC goes ahead, Europe would go
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