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Motivation and Outline

Clean probe of BSM physics.

Flavor oscillations already occur in the neutrino/quark sector.

Aim:
Study process eTe™ — 7 in the Standard Model Effective Field Theory
(SMEFT) at FCC-ee and CEPC.

Discuss the constraints we obtain on the SMEFT coefficients.

Compare against constraints from low-energy tau decays.
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SMEFT

B. Grzadkowski, M. Iskrzynski, M. Misiak, J. Rosiek arXiv:1008.4884

suppressed by New Physics

scale Wilson coefficients

Lsmert = Lsm +— i ZC ))O ZC‘

New Physics (NP) = TeV scale.
EFT = Model-independent parametrization

59 OE6> of which only a few can contribute to ete™ — Tu at tree-level.
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Flavor-violating operators

et W, T et BT
Y, Z
+ .+
e T M - 7—+,M+
Dipole Higgs-current 4-fermion
(CER)r J5 2 (80P PRT)Fag | (CE)r 2y 1y PLT) G Za | (CHF)ur 3 (€70 PLe) (iy* PLr)
(CERur 25 2 (80P PR7) Zas | (CEM)ur 2 (07 PRT) 2% Za | (CER)ur 2 (70 Pre)(ar™ PrT)
: . LR ~RL LR (RL
Dipole : Cv ,C’7 , C7%, Oy
Higgs-current : CLE CER
. . ~LL ~RR ~RL ~LR (LR (RL
4-fermion : Cy~, O, Oy, Cy, Cg, Cg™.
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Flavor-violating operators

et W, et BT
Y, Z
+ 4+
e T M - 7—+,M+
Dipole Higgs-current 4-fermion
(O M) ur J5 2z (Bo*P Pr7)Fogp

w2
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(CEMur J5 22 WP PrRT) Zag | (CFMur iz (Ar* PRT) G4 Zo

(CH ) pr 2 (Bva PLe) (v PLT)

(C¥™)ur 35 (@va Pre) (g™ PrT)

Dipole : CfR,CfL, C§R, CgL
Higgs-current : CLE CER

4-fermion : CLL, C‘I/%R, C’{}L, C&R, C§R, CgL.
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Renormalization Group Equations (RGE) Running

Below the Electroweak (EW) scale, t, W*,Z, h are integrated out to give
the Low-Energy Effective Theory (LEFT).

Jenkins, Manohar, Stoffer Matching . .
. ' Jenkins, Manohar, Trott arXiv:1308.2627
arXiv:1711.05270

Li(my) <—————— Li(mz)1Cs(myz) < Ci(A
i(ms) LEFT RGEs i(mz ):EV\S Scall SMEFT RGEs i(4)
T-decays Z-decays

LEP —

FCC-ee ——»
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cross-section

LEP
- - = FCC-ec/CEPC

efe” o7t

etem — T (CER)

ctem o T (CER)

ere > mu(CH)

efem = (CHR)

photon dipole

@ 4-fermion operators scale with
S.
@ Dipole operators are constant.

@ Higgs-current operators scale
1
as .
@ Z boson propagator
= resonance on Z-pole.

RGE effects (dashed) negligible for
A =3 TeV.
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Existing constraints

A=30TeV B /5 ~ my(Z - pole)
404 -5 = 189 GeV
5= 194 GeV
/5 = 205 GeV
BR(7 — pee) x 900
204 BR(Z - 1)

(Cu)eer(N)

—201

—401

—10 —20 0 20 40
(1
(C5Dur)

BR(T — pete™) < 1.8 x 1078
(BaBar, Belle).

BR(Z — 7p) < 6.5 x 105 (LHC).

LEP Opal analysis — direct
constraints on o(ete™ — Tp) at
high /s and constrains N, < 9.9
near Z-pole.
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Prospects at future colliders

FCC-ee/CEPC will run at a greater range of energies and will collect larger
luminosities.

To estimate the sensitivity, we need to assess the background.
Future

“Circular_ -
‘Collider =

- Genegg >

C. Panagiotis CERN
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Dominant background
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x=p,/Pp,

M. Dam arXiv:1811.09408
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Detector performance modeled with Gaussian smearing

Signal : p, is a Gaussian centered around py.

Background : Small number of events with p,, > py.
Signal window : kinematic cut z = 1;—: > 1 on the selected events
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Additional Background?

If both WW's are on-shell, then

1 2
p= o114 ) o
Pbeam 2 S
Numerical Monte Carlo simulations on MadGraph5 aMC@NLO confirm

= negligible for x > 1.
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Sensitivity

FCC-ee
V5 [GeV] L [ab7] 22 [107°] 22 [107°] € [107°]  Nog o [ab]
91.2 (Z-pole) 75 0.93 1.35 155 9700 45
87.7 (off-peak) 37.5 0.93 1.33 1.46 520 21
93.9 (off-peak) 37.5 0.93 1.37 1.59 930 28
125 (H) 20 0.03 1.60 1.44 12 8
160 (WW) 12 0.93 1.89 2.44 6 10
240 (ZH) 5 1.17 2.60 4.39 2 18
365 (tf) 15 1.32 3.78 8.61 0.5 50
CEPC
V5 [GeV] Liw [ab7'] 2L [107°] 2L [107°] €, [10°°]  Nog o [ab]
91.2 (Z-pole) 50 0.92 135 153 6400 55
87.7 (off-peak) 25 0.92 1.33 1.46 350 27
93.9 (off-peak) 25 0.92 1.37 1.59 620 35
160 (WW) 6 0.99 1.89 2.49 3 17
240 (ZH) 20 1.20 2.60 4.42 7 6.6
360 (tf) 1 1.41 3.74 8.61 0.3 72
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Results |

W. Altmannshofer, P.M. and T. Oh  arXiv: 2305.03869
Left : FCC-ee , Right : CEPC, A = 3TeV

0.4 0.4
A=30TeV 5 - 912 GeV(Z — pole) Hasony .5 - 912 GeV(Z — pole)
/5 = 87.7/93.9 GeV /5 = 87.7/93.9 GeV
0.3 5= 125 GeV(imy) 0.3 L E = 160 GeV(IWW)
5 = 160 GeV(WW) V5 = 240 GeV(ZH)
0.2] /5 = 240 GeV(ZH) 0.7 /5 = 360 GeV(#)
' /5 = 365 GeV(tf) : Combination
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Results ||

W. Altmannshofer, P.M. and T. Oh
Left : FCC-ee, Right : CEPC, A =3 TeV

0.20 - ‘ 0.20 - -
A =30TeV A =3.0TeV
BR(r — prce) ‘ BR(r — jree)
0.15 BR(T = pip) 0.15 BR(7 — ip)
————————— 7-decay proj — 7-decay proj
ol | g sdl= | g
0.057 ‘ ‘ 0.057 ‘ ‘
= n = N
5 000 ‘ ‘ ‘ ‘ £ 0.00] ‘ ‘ AV ‘ ‘
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~0.057 ‘ ‘ ‘ ~0.057 ‘ ‘ = ‘
—0.10 ‘ ‘ | ‘ ~0.107 ‘ ‘ ‘
~0.15] ‘ ‘ ~0.15] ‘ ‘
—0.20 ; 1 L ! ~0.20 , ‘ ‘ A ‘
—03 02 -0l = 00 0.1 -0 —0.2 01 00 0.1 0.2 0.3
(Caur(M) (Cur(M)
— Complementarity between FCC-ee and the low-energy tau decays BR(+ — uee) and
BR(1T — .
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Results I

W. Altmannshofer, P.M. and T. Oh  arXiv: 2305.03869

103 . m | — Bl{(r — ppp) B etem = Tp (Vs my)
A [ BR(r — pee) [ efe” = 7u(Vs=mp)
M wllfl [ BR(r — wy) 3 ete” — 7pu (high /s)
7, it B BR(r — pr) B Z — 7 (LHC)
102 AR fl 3 BR(r — pp)
L [ BR(7 — po)
= . i B B B _ -
> _ .
E o Tj—‘ {’—‘ 1 I I N I D
< Il | ’_JM H |
100 [ [l H ’7 H-H ’7
107! ) C Cw O il il cee e e
C,,] e ew eB Cee;m’ C/u—:er ceput Ceeur OueeT

Setting C; = 1 one at a time allows us to probe A ~ O(20 TeV)
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Summary

Circular electron-positron colliders can provide complementary information
in constraining New Physics energy scales/operators that would contribute
to eTe” — 7 in the SMEFT framework.

Interesting avenues we are currently exploring
@ Linear colliders such as ILC which run at greater /s ~ TeV range.
These also allow to probe the chirality structure through polarized
ete™ beams.

@ Analyse LFV in the Te and pe sector.
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Summary

Circular electron-positron colliders can provide complementary information
in constraining New Physics energy scales/operators that would contribute
to eTe” — 7 in the SMEFT framework.

Interesting avenues we are currently exploring
@ Linear colliders such as ILC which run at greater /s ~ TeV range.
These also allow to probe the chirality structure through polarized
ete™ beams.

@ Analyse LFV in the Te and pe sector.

Thank you!
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Backup slide : Wilson coefficients

Convenient basis : Define Wilson coefficients as linear combinations of
SMEFT coefficients.

(CE®)r = ew (Cen)pr — sw(Cow)ur »  (CER)ur = —cw (Cew)r — sw (Cen)pr »
(CF ) pr = ew (Cen)rp = sw(Cew )iy s (CF)pr = —ew (Cew )i — sw(Ce)rp
(CF)ur = (C5)ur + (CEDur (CEMur = (Coelur

(C\eR)I»“' = (Cte)eepr (C\IjL)M = (Cre)uree »

(C5™)ur = =2(Cre)peer (CE5)r = ~2(Cre)erpe

(CéL)u,T = (Clé)ee,u,'r + (Cél)u'l’ee + (CZZ)eTp,e + (Cll)ueeT 5

(C\I;R)ur = (Cee)ee;m' + (Cee)pfree + (Cee)erue + (CEE)[,LEET .
o(ete™ — Tu) depends on center-of-mass energy /s and 12 independent Wilson
coefficients.
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Backup Slide Il

Nsig = o(eTe” — ) BR(7 — jmv)LintesigA

~— .

Nikg = 20(€+6_ —TT BR(7 — jnv)BR(T = uiv)Lintepkg A

j=2,3,4
Apply Gaussian smearing
a+50(x) 1 ()2
Ebkg ~ / dx/x o) dy fbkg(y)i\/ﬂg(g})e 20(@)?

Outgoing muon momentum distribution fpkg(y) is known.

o(x) represents total momentum resolution combining collision energy
spread and detector momentum resolution.
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Backup Slide Ill

LEP : Ny < 9.9 (Z-pole), 0cte——ry < 115 fb (/5 =189 GeV
Oetemrp < 116 fb /5 = 194 GeV
Otemsry < 64 /5 =205 GeV

LHC : BR(Z — 1) < 6.5 x 1076

T-decays :
BR(t™ » p ete”) < 1.8x1078
BR(r™ —» pu putp”) < 21x1078
BR(T™ = pu ) < 42x1078
BR(t— —pu 7% < 1.1x107"7
BR(7~ = p%) < 1.2x1078
BR(T™ — u ¢) < 84x1078
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