Study of cLFV process on

electron muon collider

Ran Ding!, Jingshu Lit, Meng Lu?, Zhengyun You?, Zijian Wang? and Qiang Li?

ISun Yat-sen University
?Peking University
MIP 2024, Beljing

Z' cLFV on ey collider Ran Ding (Sun Yat-sen University) 2024/4/21



Outline

O Motivation

O Z' model and cLFV process
O Electron muon collider

O Event simulation

O Background study

O Sensitivity result

O Summary

Z' cLFV on ey collider



Motivation

O Charge lepton flavor violation
9 P (Neutrino Flavor Violation is observed !

e Strongly suppress in SM
* Enhance by many BSM models:

supersymmetry, leptoquark,

Higgs-doublet, compositeness,

heavy Z' ......
* Aclear S|gnal to new phyS|CS ( charged Lepton Flavor Violation !? (cLFV) J
W 5
e :
7 — * L —54
H v Lo & i=2,3
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Z' model and cLFV process

* an extra U(1) gauge symmetry N [,
— massive neutral gauge boson (Z7) 2
. aM;,
predicted by many BSM models , 2 (1~ a5, + 85h)
24sy,cp
* Generally, similar quark coupling and aMy,
. LY
chiral structure as SM 2 24s2,c2,
. aM2, 8 2 32 4
* In leptonic decays, lepton flavor u 85202 \ L T 35w T g Sw
violation is allowed
p aMz (4, 8,
Aee Aeu /131' 851%/61%/ B §SW T §SW
A= 2ue Ay Aus
ATe AT‘LL ATT MZ,: mass Of ZI
gives the strength of the cLFV a: fine structure constant
:> coupl%ngs relative to the SM sw: sine of the weak mixing angle
couplings

cy: cosine of the weak mixing angle




Z' model and cLFV process

u, d u,d e
z /
W >
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W g T e z e
b
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- GFa’my eff|F(CI)|2 *
€ uto e conversion R f(sw,Z,N)
21% [eaptureZ sz

4
M
® u —>eeet Br(u — eee) = 4 MZZ,>

Mz, Myz,: mass of Z and Z' a: fine structure constant sy : sine of weak mixing angle
Gr: Fermi constant  I'cqpeure: NUClear muon rate  m,,: mass of muon

Z.sr, F(q),Z,N: nuclear parameters

Z' cLFV on ey collider




Search for Z’ on collider
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Electron muon collider

Proton LINAC (500 MeV)
RCS : 3 GeV x 6.6 uC x 2-bunch x 50 Hz = 2 MW
Pion production ring:
100 nC/n/( AEp=75[MeV](10mm))
[MPression y >_bunch x 40-turns x 50 Hz
(6.6pC x 2-bunch x 75 MeV x 40-turns x 50 Hz = 2 MW)
Booster ring (up to 1 TeV)
Target 1 TeV x (7.2nC=>3.6nC)/p x 40 bunch x 50Hz
=9 MW

O uTRISTAN

* Muon beam from J-PARC g-2 experiment

* Electron beam from SuperKEKB experiment Laser 30 GeV muon LINAC ~ 3 km
R=1km (B =3 T max)
16 turns ~ 700us
"
s ef

30 GeV muon LINAC ~ 3 km

Beam energy of electron (muon) 30 (1000) GeV o
__ 3 km Main ring T,=20ms (2000 turns)
Polarization B, (R,) 025 (07 i AT 2oz 2ty
Luminosity 4.6 x 103 cm-2s1
Num of particle per bunch electron(muon) 6.2 (1.4) x 1010 * Higgs production (WW/ZZ fusion)
Collision frequency 4 x 106 Hz * New physics signal
* Low background value (s-channel
O High energy electron muon collider annihilation W*W ™ /qqg absent)

E, =200 GeV,E, = 3 TeV (y/s = 1.55 TeV)
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Event simulation

7! 7

e e € &

* cLFVsignal: Z’ model M, floating from 0.2 TeV to 3 TeV

E, = 200 GeV,E, = 3 TeV (v/s = 1.55 TeV)

CRTet Epeam 1 £ _ 30Gev, E = 1 TeV (/s = 346 GeV)
e v L

e ut - utpuT
e ut > Tt 1 (=)
Aij = 1 (i #j,only oneelement) i,j=e,urt
* The coupling strength 0 (elsei #j)

* Nos-channelinetu™ - ttu~

* MadGraphb, Pythia8, Delphes
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Background study

O SM background

20-32— — ,lumi=5ab" 7]
Initial lepton flavor is non-zero: 2 — 2 0.7F ﬂﬁ
background are forbidden 06f — hvivhosww
» Much cleaner than different-sign electron / 0.5F
muon collider 0.4f
] 0.3}
Main background (Eg. Aeu process) o2k [ ]
0.1; =
eTe” > WTW™ - efuv,i, s e = e N
1 etem collision . . L T =" 50 100 150 200 250 o200
iIne e Cco ete”™ - 17T > et UV, U, T, m,, (GeV)

* large cross section && close to the signal at the kinematic level

pr Uy
: _ . +,- 0, +,—0)
in ute~ collision preT = Z7u.u, > eTe vy, T+ -
ZO
W+ et
e Ve
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Background study

O Accidental background: Signal Process SM and accidental background

e ut - e u* (eu scattering) pte = ete”

;LJre* — 6+67VGI7#
pte” = ete v, v
;L+e_ — ,u,+e_

e — u misidentify

~10-6 ;fre_ — ,u+,u_

ute” — [L—I_M_I/cﬂ‘u
;1,+e_ — [L—i_[L_VCIj#I/D
;L+6_ — ;fre_

-+ +,o— /ot +,,—
e u —se'efetut > putu R
pte —upu'T

+o— ‘o=
preT = utT Ve,

/ﬂLe_ — ;fr’r_ Vel VUV

* Signal candidate should have correct final state leptons

* Leptons pr, Inl, ¢: obtained by Delphes output

pr: the transverse momentum
|17|: the pseudo-rapidity

¢: the azimuthal angle

* Invariant mass of final state dileptons (My;) is utilized to remove

background
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Background study
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Background study

0.16
0.40 —— ep-urt —+ eu -t
—— el - uTVev: 0147 —— el > UTVevr
035}
—— el = PTVeVVY 0.12 —— eu = UTVev vy,
0.30f '
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-] -] L
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* Integral area (BKG) determined by the cross section, specially for

eu scattering also includes the probability of misidentification (~10-°)

* In simulation T should decay to hadron ~ 60%

* Optimized by maximizing the FOM

Z' cLFV on ep collider
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Analysis framework

* Get the binned histogram of final leptons pr

* Per-event weight of each signal / background: n, = o,L/N

* Define the test statistic Z as: 0. Cross section
L: luminosity
bins
7 — z Z; N: generate number
i=1

Z; == 2|n; — b; + biIn(b; /n;)]

* Subject to a x? distribution, iterate to get the dsig Of 90% exclusion
and corresponding 4;;

Z' cLFV on ep collider
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Current and prospect limit

O BF limits @ 90% C. L.

woeTy
u N->e N
U~ e eet

T~ >e7y
T~ > e e et

T oeupt
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Sensitivity result
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* Results among different signal channels on collider are on the same

. ~ cross section, efficiency,
order of magnitude. background value

* 7 channel have a certain advantage among the current limits

Z' cLFV on ep collider
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Sensitivity result

109 5
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* A special signal on collider that cannot search in low energy
experiment: Ag, X A,

Z' cLFV on ep collider
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Summary

€ The observation of any cLFV process would be a clear signal of new
physics beyond the SM

€ Introduce a massive neutral boson Z'

€ Perform a Monte Carlo study on cLFV searches at uTRISTAN (346
GeV) and a 1.5 TeV electron muon collider

€ High luminosity electron muon collider have a certain advantage on
cLFV searching especially in T channel.

Thank You!
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