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* Any signal observation would be an unambiguous sign of New Physics
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https://conference-indico.kek.jp/event/70/contributions/1406/
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https://arxiv.org/abs/2107.02073
https://arxiv.org/abs/2203.06258

MulC - dataset E, (TeV) 0.275 0.96

E, (TeV) 01 05 096 0.96 1.5
S (TeV) 033 074 10 192 6.5
Staging of MulC: L, (x10¥ cm2s?) 007 21 47 47 2.8
® Start With a muon beam With 1035 E | | I| | | | bl II| | | | T T | | | 1 T 11
relatlvely low energy and low n Lepton-hadron (ion) colliders
luminosity i - FCC eh
— e
. . i 34 |
« Early data-taking in parallel o 1075
: S — MulC LHmuC
with accelerator R&D ) N
. |
e Stable running of MulC at g 10% = f
\/E ~ 1 TeV as a realistic E -
scenario. " B
g 10* =
In the realistic scenarlo [ @ doublypolarized
eXpeCt400fb_ Ofdata 4 ] IIIII| ] ] ] IIIII| ] ] ] IIIII|3 ] ] ] IIIII|
| | 10 107 10 10°

i for 10 years opera’uon B

Center of Mass Energy Vs (GeV)

xunwu.zuo@cern.ch



 Tungsten nozzle « Roman pot

Detector concept

To clean electrons from the 5<n<8

muon beam

. - » To detect elasticall
Tracking and PID (sacrifice some access to scattered protons y

—4<pn<24 proton remnants)

PID is crucial for QCD and v
: uon system
nuclear physics

—-S<n<?24 |
dl Far-backward Silicon Tracker lPID

: : - -
Wide coverage to retain s Sl (w/ timing)
sensitivity to missing

- -U """ T ‘m;—m*f --------------------------------------------
energy T
| Hon Geieeter hadron direction
—7<n<0 as positive

Important to detect scattered
muons at high #
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ics potential
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Muon-ion collision

Physics descriptions:

e § - squared center-of-mass energy

o Q2 - squared four-momentum transfer
» X - Bjorken scaling (parton momentum fraction

« y - Bjorken scaling (lepton momentum fraction

s =4|k|[P]
Q” = —q* = sxy
Q2

P
X = : —
2P - q P




[ ] MuIC:  (960) + p (275)
.| LHeC: e (50) + p (7000)
HERA: e (27.6) + p (920)

| | EIC: e (18) + p (275)

0.01 <y < 0.95
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Differential Cross Section (u p NC) Differential Cross Section (MulC)
MulC Prospective
DIS NC for

different machines
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MuIC Proispeéctiveé

275 GeV p X 960 GeV w7 Muon acceptance
] Track acceptance

§§\§\\§\§ \ \ — Struck quark

RRLRARNRRN

.

s
.

—
A

%,

005
KO

Goerets

i
=

xunwu.zuo@cern.ch 13






xunwu.zuo@cern.ch

KON

8.0(4)
7.8(4)
1.0(2)
0.7(3)
4.4(2)
3.9(2)
3.9(1)
0.8(3)
0.35(31)
0.28(26)
0.57(7)
0.13(7)
0.07(4)

3.9(2)
3.1(3)
1.4(2)
0.7(3)
2.8(1)
1.6(2)
1.4(1)
1.6(2)
0.33(27)
0.14(10)
1.6(1)
0.26(19)
0.07(6)

5.7(5)
2.3(2)
0.20(11)
0.32(19)

15


https://doi.org/10.1007/JHEP03(2021)256
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https://arxiv.org/abs/2207.10261

Sensitivity at 95% CL limit from (pe~ — j+ 7")@LHeC, £ =1 ab! PLB.2020.135796
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https://doi.org/10.1016/j.physletb.2020.135796

JHEP 03 (2020) 110

— MEG: 6%=|6.6,|
DELPHI: ©%=|0|?

— ATLAS: 0°=|6,|?

— LHCb: 0°=|6, |2

— LHeC (LFV): ©%=|6,6,|

— FCC-he (LFV): ©%=|6,6,|
LHeC (displaced): ©%=|0, |2
FCC-he (displaced): ©*=|0, |2

500 1000
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https://doi.org/10.1007/JHEP03(2020)110

L D> Z"g.pv" u+ g, P, + gy Y qv*Piq +(gpdpsSy*P.b + h.c.)]

g=t,b

Mzr = 500 GeV
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.075035

vith simple cut-and -count estimates

MulC @ L=30 fb™

10*
Q2 [GeV?] Q% [GeV?

mz: = 500 GeV my = 500 GeV
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MulC @ m,=500 GeV LHmuC @ m_=500 GeV
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.075035
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.075035
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.075035
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.075035
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Ls, O y5;; Q1" (0" 85)**Ly° + he

MulC Prospective Differential Cross Section MuIC @ L = 400.0 -1
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Summary

MulC is a versatile machine with unique specialities
. TeV scale collisions with reach for extreme high Q% and low x

* Rich physics program spanning a wide phase-space

Exciting opportunities to probe CLFV
* Unique production channels

e High sensitivity to certain models

Also, synergy with different HEP areas

 Muon accelerator technology toward muon colliders

* Collaboration of nuclear and particle physics communities

» Can run concurrently with other major projects like FCC/CEPC, or muon colliders

 For CLFV: complementary physics program to low energy CLFV experiments
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A landscape of collider possibilities

2020 2030 2040 2050 2060 2070

Note: The muon-ion option:
- High energy physics “ Rich, and some unique, physics programs

- Nuclear physics “* Can be concurrent with other mega projects



W, Z production

Many different modes for W, Z
production

For MulC aty/s ~ 1 TeV
| GWi =194 pb
® GZ — 36 pb

With 400 fb~—! data
e expectBMW, 1.5M Z

* All are EWK production (no DY, no
QCD-induced backgrounds) W*u~

 (Clean and sufficient dataset for

precision measurement on (SM and : :
anomalous) triple gauge coupling. Example diagrams for vector boson production
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https://arxiv.org/abs/2007.14491
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https://arxiv.org/abs/2007.14491

(Scaled to 400.0 fb'1)

MuIC Prospectlve

-; H NC
"""" 275G€VpX96()GeVpLHCC

B Z_NC
~zcc

-DIS_bb ...........

Events / bin

20 40 60 80 100 120 140 160 180 200
m(bb) (GeV)
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top quark production

Cross section grows fast as Distinct final states in u — p

0’ becomes less suppressed environment

MUIC /s ~ 1 TeV 0.95 pbd e Direct measurement of |V, |

MuIC2 /s ~ 2 TeV 5.44 pb » Potential to probe |V ,| and |V, |

LHmuC /s ~6.5TeV ~ 48.1 pb as well

MuIC /s ~ 1 TeV 0.014 pb » With enough data, direct
measurement on tty and ttZ

MulC2 /s ~ 2 TeV 0.22 pb couplings

LHmuC /s ~6.5TeV  4.62 pb
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ATLAS+CMS Preliminary 95%CL upper limits €@ ATLAS <—@ CMS

LHCtopWG [1] ATLAS-CONF-2022-014 [2] arXiv:2111.02219

[3] arXiv:2205.02537 (LH) [4] JHEP 04 (2016) 035
[5] EPJC 82 (2022) 334 (LH) [6] JHEP 02 (2017) 028
[7] ATLAS-CONF-2021-049 (LH) [8] CMS-PAS-TOP-17-017
Each limit assumes that [9] JHEP 07 (2017) 003

all other processes are zero Theory predictions - SM 2HDM(FV) E]2HDM(FC)
from arXiv:1311.2028
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots#Flavour_Changing_Neutral_Current

