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B Motivation I: lack of new light physics =—> A > my,

B Motivation Il: model-independent analysis

— bottom-up approach—

— Many works: Raidal’97, Kuno’22, Brignole 04, Cirigliano’09, Crivellin ‘13, Celis’14, Crivellin’17, Cirigliano ’17,
Davidson’17,Falkowski 21, Cirigliano 21, Calibbi’21, Davidson’22, Calibbi’22, Plakias23... —
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some WC (see later)

T 95% CL
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arXiv: 2403.09772
Global Lepton Flavour Violating Constraints on New Physics
Enrique Fernandez-Martinez, XM and Daniel Naredo-Tuero

— See also previous partial analyses: Husek ‘20, Davidson’22, Banerjee 22, Hoferichter’23 —
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B EFT framework(s)

— which one(s)?—

B Technical details

— very few, ask me for more!—

B Results
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B EFT framework(s)
— which one(s)?—

B Technical details

— very few, ask me for more!—

B Results
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B EFT framework(s)
— which one(s)?—

B Technical details

— very few, ask me for more!—

B Results

Semileptonic
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A\

new physics above the EW scale
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A SUB). x SUQ), x U(1)y
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Ry

a#p

di 5 e
S O 4 (eL ceg )F,, + hc
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enkins et al [1 709.04486]

up — quarks

(dy,ud)(ELar” eLs)
(dyuvsd) (éLa’Y“eLﬂ)

7 5 Ak
(€ra"€RA) (eryTuers) (dyud)(€Ra? erp)

(éLa’Y“eLﬂ)(éR'v'YﬂeR‘S)
oy ers) (ELyYneLs)
SRS

ZLB_ s o . - ; (ﬂ’Y5u)(éLaeRﬂ) +hC

(G0 ) (éLaU'weRﬁ) + b.c.

44— — dipole

4—— 4-fermion
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up — quarks

down — quarks

(@y,u)(ELar*ers) O%bL (dvud)(eLar"eLp)
(@yuv5u)(LaeLs) O (duysd)(eLay*ers)
(@yuu)(Erar"erp) O%r (dv,d)(Erar"erp)
(@yuy5u)(ERaY eRp) Or | (dVur5d)(Erar™ers)
(au)(€Laerp) + h.c. 0%k (dd)(éraers) + h.c.
(ysu)(eLarp) + h.c. Obr | (dvsd)(eraerp) +h.c.
(Goyu)(€Laot’erg) + h.c. 02% r | (do,,d)(ELao erp) + h.c.

Xabier Marcano

— LEFT —

All operators are independent
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up — quarks

down — quarks

(@yuu)(ELar*ers)
(@yuvsu)(ELay ers)
(@yuu)(Erar*eRp)
(@Y, v5u)(ERaY ERp)

(dvud)(ELar eLp)
(dyuv5d) (ELa¥"ers)
(dvud)(ErRaY"eRp)
(dvuv5d) (ERa"ERB)

(ﬁ,u) (éLaeRg) + h.c.

(@vsu)(€Laerp) +h.c.

(’L-LO’,,,,/U.) (éLQO’”VeRg) + h.c.

(Jd) (éLaeRg) + h.c.
(dvsd)(eLaerp) + h.c.

R (d_O',wd) (éLaduyeRﬂ) + h.c.

less freedom
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— LEFT —

All operators are independent

— SMEFT (3flavor) —

SMEFT induced relations. Only light quarks u,d,s




up — quarks

down — quarks

(@yuu)(ELar*ers)
(@, v5u)(ELaY eLs)
(@yuw)(erar erp)
(v, 75u)(ErRaY* €Rp)

(dvud)(ELar*ers)
(dyuy5d)(ELay™eLs)
(dvud)(Erar"eRs)
(dv.v5d)(ERaY*€RR)

(au)(éraerp) + h.c.
(aysu)(ELatrp) + h.c.

(ﬁO’,,,,,u) (éLaa“”eRﬂ) + h.c.

(dd)(éLaens) + hic.
(dvsd)(eLaerp) + h.c.

R (d_O',wd) (éLaa’“’eRﬂ) + h.c.

— LEFT —

less freedom

All operators are independent

— SMEFT (3flavor) —

SMEFT induced relations. Only light quarks u,d,s

— SMEFT (2flavor) —

v SMEFT induced relations. Only light quarks u,d
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¥ Only quadratic contributions from new physics

— @Going global is a difficult task, some simplifications as a first step —

Xabier Marcano SUSY 2024 — 10-14 June 2024 Madrid



¥ Only quadratic contributions from new physics

— @Going global is a difficult task, some simplifications as a first step —

B Results always for low-energy WCs

— warning! Wilson coefficients are scale dependent C = C(u) —

B Work at tree level

B WC diagonal in the quark sector and CKM = 1

B Operators only to light quarks
— either (u,d,s) or only (u,d) —

B /dentify all flat directions

— explore the parameter space with an adjusted MCMC —

Xabier Marcano SUSY 2024 — 10-14 June 2024 Madrid
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— no new inside from a global analysis —

B Everything well constrained

A 2 5 —50000 TeV

B Few exceptions
(AF = 1)
eupp, €eTTT, UTTT, EUTT

(AF = 2)
euep, eTer, UWTUT, eTuT
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one-at-a-time bounds = global bounds
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B Many mesons w/ different structures — great complementarity —

T, 1>, 1>, t>fw, 1> nn, > CP

B Some coherent/incoherent contributions, e.qg.:

> >
m
0 uA _ dA 7 uP _ dP
BR (7 — ¢1°) z Coex ~ Coex T (cipx = coox)
X=L,R m, (m, +my)
m2 m2 9) fT : 2 m2 2
BR(t— ¢h) o Y St ) el e =2 ) (2= -1-=2 ) |y
X=L,R " i Iy " i
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B Many mesons w/ different structures — great complementarity —

Tt flrn,t>Cn, 1>, t>fw, 1> n,t— £

B Some coherent/incoherent contributions, e.g.:

cug — o g + o 2
VIAIS|P|T|\V|AIS|P|T|V|A|S|P|T

=YmE
T T N

T — In/ 3 3 3 3
T — fw

T = Intn -

T — L)

Observable

B 15 WCs - 11 indep. constraints = 4 flat directions
— involving A, S and P W(Cs —
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B /n SMEFT things should be simpler...

Observable | Cré — Crt cuf + ¢y Crl
VIA|IS
T — 470
T — In
4 3
T — fw
T = bt -
T — Lo

B 70 WCs - 9 indep. constraints = 1 flat direction
— involving A and S WCs —
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globally constrained

B V and T slightly weaker
B Flat directions for A, S, P
'@ Only SMEFT(u,d) fully and
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one-at-a-time bounds = global bounds
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B Very strong constraints

Xabier Marcano

cLFV obs. Present upper bounds (90% CL)

BR(u — ev) 3.1 x 107 MEG II (2023) 31]
BR(u — eee) 1.0 x 10712 SINDRUM (1988) 32
CR(u — e,9) 7.0 x 10711 Badertscher et al. (1982) [33
CR(p —e,Ti)  4.3x107'? SINDRUM II (1993) 34
CR(u — e,Pb) 4.6 x 10~'1 SINDRUM II (1996) 35
CR(u — e,Au) 7.0x 10~'3 SINDRUM II (2006) 36
BR(70 — p—et) 3.2x 1010 NA62 (2021) 37
BR(7® — ute”) 3.8x 10710 ES865 (2000) 38
BR(7" — pe) 3.6 x 10719 KTeV (2007) 39!
BR(n — pe) 6.0 x 10~®  Saturne SPES2 (1996) 40
BR(n' — ue) 4.7 x 10~*  CLEO (2000) 41]
BR (¢ — pe) 2.0 x 107% SND (2009) 42

4 Refs in arXiv: 2403.09772

SUSY 2024 — 10-14 June 2024 Madrid



https://arxiv.org/abs/2403.09772

B Very strong constraints

B Mainly from u — e conversion in nuclei

4p Spin-Independent for V, S, T operators

— e.g. Raidal’97,Cirigliano’09,Crivellin’17,Davidson’22, Plakias 23... —

4p Spin-Dependent for A, P, T operators
— Cirigliano’17, Davidson ’17, Hoferichter 22 —

B Weaker but complementary from M — eu for A and P

— Also needed in a global picture! —

Xabier Marcano SUSY 2024 — 10-14 June 2024 Madrid
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ier

Xab




B These results rely crucially on nuclear elements for it — e conv.

B Uncertainties of the overlap integrals can make bounds redundant

Xabier Marcano

— Davidson et al [1810.01884] —

CR(p—e,S) < 7.0x10°1
CR(pu — e, Ti) < 4.3 x 10712
CR(p — e,Pb) < 4.6 x 1011
CR(p — e,Au) < 7.0x 10713

All independent bounds?

SUSY 2024 — 10-14 June 2024 Madrid



B These results rely crucially on nuclear elements for it — e conv.

B Uncertainties of the overlap integrals can make bounds redundant
— Davidson et al [1810.01884] —

CR(p—e,S) < 7.0x10°1
CR(u — e, Ti) < 4.3 x 10712
CR(p — e,Pb) < 4.6 x 1011
CR(p — e,Au) < 7.0x 10713

All independent bounds?

B We include nuclear uncertainties as nuisance parameters in the GF

Xabier Marcano SUSY 2024 — 10-14 June 2024 Madrid
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Fully Leptonic

= =

| @ Flat directions for A, S, P
B Nuclear uncertainties |

Semileptonic even stronger

. @ Only SMEFT(u,d) fully and

| \  globally constrained

@ None of the scenarios
fully constrained

Xabier Marcano SUSY 2024 — 10-14 June 2024 Madrid



B Very strong cLFV bounds when consider each operator at a time
— bounds (4 — e) > bounds (t — ) —

B Global picture changes things for semileptonic operators:

W Flat directions in T sectors for A S P

— only the simplest SMEFT(u,d) fully constrained—

4 Strong impact in the ue sector
— bounds (4 — e) ~ bounds (t — ) —

B Nuclear uncertainties have a key role
— bounds (4 — e) <K bounds (t = £)—

B More observables are need to globally constrain the full parameter space

Xabier Marcano SUSY 2024 — 10-14 June 2024 Madrid
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B Nuclear overlap integrals for Sl at 5% (10%) for light (heavy) nuclei

— Davidson et al [1710.06787],
Hoferichter et al [1506.04142],
Bartolotta et al [1710.02129]—

B Nuclear corrections &’ and 6" to the axial contribution of SD

— Hoferichter et al [2204.06005]—

B Gluonic matrix element dy ~ 30%

— Hoferichter et al [2204.06005]—
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G2f2(m2 . m2 2 m2 2
0 FJa\""*r T uA dA T uP dP
BR (T — ) = g T Z Corx — Copx T (chX - wa)

L m, X=LR m. (mu + md)

— Aebischer et al [1810.07698]—

2 2 2 2
+ -\ — V dVv S das S T dT
BR (r > £ntn7) = 3, 4 2.0 e — e | +0.68 |8y + | +0.52 eS|+ 4.0 | eify — L |
X=L,R
— Cirigliano et al [2102.06176]—
G2 £2m2 (m2 — m2 m2 m2 2
BR (T — fw) = ¢ (s ), E —Z +1-2—2 ) |\cx + chx
8rlm m?2 m2 )17 T
T X=L.R w T
2 2 2 2
fTw me my ul’ dT
+4 | == 2— —1— 2 ) |c%yx +cC
2 2 TX TLX
Jo my, mz

— Aebischer et al [1810.07698]—
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G%fz(mz . m2)2 u s
A
BR (1 — fn) = 7T87rI‘:mT L Z f_Z(chX + C%lx) + f—ncifx
X=L,R g
2
hu hS
- ! ( +c? ) +—1—cSx]
fﬂ'mT (mu + md) Crex 70X 9 fmems Crex
G f2(m2 —m2)” IE £
_ A
BR (T — 577') — 8nl.m., L X;R fiﬂ( X T Cfex) fw Crox
2
hY, hs3,
+ J ( + 2 ) + 7 s
fwmq- (mu + md) Crox 70X 9 fmems 70X
— Celis et al [1403.5781]—
Gpfimi(m? —m3) m?2 m; 2
BR(r — fp) = ¢ o T ¢ Mr i1 92
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