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Lepton Flavor Violating Deep Inelastic Scattering
(LFV DIS)

¢, ¢
LFV-DIS: Promising process to search for LFV \ /

¢i+ N - £;+X (N:nucleon, X:hadron)

O Many experiments for cross check (LHeC, v-factory, ILC, ...)
O Complementary with T hadronic LFV (t — enm, etc) and LFV at LHC (pp — ur, etc)

O Probe to the chirality of LFV ope. using polarized beam

O Large number of event « (beam intensity Ny ) X (nucleon density~ mole number)
@fixed target exp.
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LFV-DIS: Promising process to search for LFV \ /

¢i+ N - +{¢;+X (N:nucleon, X:hadron)

O Many experiments for cross check (LHeC, v-factory, ILC, ...)
O Complementary with T hadronic LFV (t — enm, etc) and LFV at LHC (pp — ur, etc)

O Probe to the chirality of LFV ope. using polarized beam

O Large number of event « (beam intensity Ny ) X (nucleon density~ mole number)
@fixed target exp.

O Probe to the LFV mediator-quark (quark) interaction




- Applicable to a variety of models \

(extended) Higgs model, leptoquark, LFV interaction (t()y mOdel)
R-parity violating SUSY, flavor sym.,

extra dimension model, etc.

O LFV mediator : scalar

O Scenario : mediator dominantly couples with heavy fermion

L,

Ls ==Y (p5iliPLlios +h.c.) = > po.daos
q

Coupling with quarks (flavor diagonal only)
: S .. S . .5 _ . .
A) Proportional to quark mass ~ Pc. © Ppp - Py = Me - Mp 2 My

B) Couple with one flavor only  example : pbsb = 0, p“cgc = pf,; =0
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LFV mediator-gluon effective interaction

Couple with one quark flavor only

Same as SM Yukawa

(thin solid: each contribution) € Strong dependence on momentum transfer,
: reflecting m, and types of interaction
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S Pe=1 € Large contribution from not only ¢ quark,
10-3 Tl : also b and c quarks
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...... Cross section for £;g — ;g

E,,, X
O¢;N—1X — Z / dﬂ?dy / d‘gp p—> f D (5137 Q2) Parton distribution

function (PDF)
Subprocess cross section

d:z:iiy T ‘ 87ig§| (Q? +m3)? [(lpz‘j’ + |pjil )(Q2+m +m; )+4Re(p“p”)m*m3}

E 50 x : Bjorken variable
: y : measure of inelasticy
JEP) q q $p : momentum fraction
q Q% = —(k; — kj)zz momentum transfer
N(P) or— X
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Discriminating the types of
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Discriminating resolution for

h-like scenario

p;,gq =mgq/v  (SM Yukawa)

b-only scenario
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Reliable and promising probe to the
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Measure the do/dQ for the subprocess
¢;g — {jg with increasing beam energy
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Discriminating the types of
mediator-quark coupling

Important point for discrimination

Shift of peak position of do/dQ

From the difference of Q at which the
effective coupling gs,44 begins to drop

( Convolution with PDF 1is sensitive
to the difference of Q

~—
-~
-
-~
~

-~ .
~<.

T \'I’HH T T TTTI
.. /

107

PRI

10!

102
Q [Gev]

1077
10°




do/dQ [fb/GeV]

do/dQ [fb/GeV]

5.x107° ———

g N == nlike .~ Discriminating the types of

x1078 - it N 2 ) °

il ' ‘ =222 beonly | mediator-quark coupling
3.x108 :

I black and blue curves overlap ] Important DOlnt for detel‘mn’latlon Of mq‘
2 %1 0—8 i for both solid and dashed i

_ For smaller mg
1210 ] Peak position of do/dQ <=m

0, ; ; . o — Magnitude of do/dQ l

c-quark contribution is picked up by small
Q, which drops faster than heavier quarks )

~
~—
-
-~
~

-~ .
~.

107

T T T T T TTTT T 1 \I’HH T T TTTI

AR Lol LI Lo LI Lol Ll LIl

10—7 Ll Lol “"'L\\\\HH

100 10! 102 103 104
Q [Gev]




Test for the mass proportionality

o . o _Me ¢ _Mp ¢ oM
Parametrization for the deviation from SM Yukawa p/. = - Ppp = > P =K, P
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Summary

Lepton Flavor Violation (LFV)
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Not only an evidence, but also
versatile probe to new physics

q(9)

Important mission: How to uncover the
LFV mediator-quark (gluon) interaction?

U~ — e~ conversion

LFV Deep inelastic scattering (LFV-DIS)
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Complemental probe to £;£,qq (£;£;99)

Channel Upper limit Experiment Reference
7% - ptef 3.59 x 10719 KTeV 75
n — puteF 6 x 10~¢ Saturne SPES2 76
KY — 7Ou*e® 7.56 x 10! KTeV 75
K} — 279%u%e¥ 1.64 x 10~10 KTeV 75
K} — ute- 4.7 x 10712 BNL E871 74
Kt - atute~ 1.3 x 10711 BNL E865, E777 73
Dt — gtpu*e™ 3.4 %107 Fermilab E791 77
Dt - Ktp+te¥ 6.8 x 10~? Fermilab E791 77
DY — pteT 8.1 x 107 BaBar 78
Df — ntpte® 6.1 x 10~* Fermilab E791 77
Df — Ktu*e¥ 6.3 x 1074 Fermilab E791 77
BY — p*et 9.2 x 1078 BaBar (347 fb~1) 79
BY — t*et 1.1 x 10~% CLEO (9.2 fb~1) 80
BY - *,7 3.8x107° CLEO (9.2 b~ 1) 80
Bt — Ktetu® 9.1 x 1078 BaBar (208 fb~1) 81
Bt —» Ktet¢¥ 7.7 x 107 BaBar (348 fb~1) 82
BY — et 6.1 x 10~° CDF (102 pb~1) 83

Abbreviations: BNL, Brookhaven National Laboratory; CDE, Collider Detector at Fermilab; K'TeV,

Kaons at the Tevatron.
W. J. Marciano, T. Mori, J. M. Roney, Ann. Rev. Nucl. Part (2008)



Signal
-- T with large momentum along the beam-axis
(highly depends on types of LFV operator)

e—T ZEUS F=0
. L R GL L R R L
Experimental status B S | | S | W W W
etuy | et utd etdy ety ety fug | e VBt d)a
Tame | Tome | Torme [ Toame | Torme [
11 04 02 0.4 02 02 02 02
3.0 2.5 1.6 3.3 3.3 2.4 1.2
. . T+ Ke | Komwp | T+ Ke | T Ke K — nup
-- Limit: HERA exp N A
M M 4.7 3.7 3.7 13
B+ 7éX | B 1eX | B> wX | B 1éX B X
13 . s ] 2 | 2
[51] 1.6 4.6 1.6
T+ Ke | Ko mub |+ Ke | 7 Ke K - nub
- Future: EIC, LHeC, ILC Y I Sl i Rl il I
. b b 5 * 9.2 12 4.9 4.9 [6.2) 2.6
Tbeeh | T eeE | T eeE | T +eeE | T +eeE | T —+eed | T —+eed
22 2 30 66 33 33 10 6.1
[62] 1
B 7eX | Bo1eX | B X | B reX B X
23 = s 5 1 | H
16 16 12 12 12
B = 7eX | B 1eX Vi B — 7eX Vi
31 " s ] 02 | 02
17 17 5.4 5.4 5.4
B 7EX | B> 71X | B— wX | B — réX B wX
32 * [ 8 2 1 2
A xl 22 7.6 7.6 7.6

Probe to various models beyond the SM =« —= =

30 66 33

E)

gLrv JLFV

ILFV

® T ¢ ® T t
|

é}f '}
|

extra dimension models,

SUSY, Type-II SeeSaw extended Higgs models

LA T *
g
w w
: a g
q

Majorana v, sterile v composite, leptogluon



___________________________________________

LFV mediator couples universally with
all quarks (e.g., GUT Z’, dipole LFV, etc)
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Cross section for e(u)N = X

O¢;N—7X = Z fdxdyfdﬁp

P=4,9
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Subprocess cross section
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Cross section, kinematics, and so on
e A S - highly depends on types of LFV mediator
M. Takeuchi, Y. Uesaka, MY, PLB (2017)

LFV Deep inelastic scattering e(u)N — X

2
f D (gﬁ” Q ) Parton distribution

function (PDF)
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FV mediator couples dominantly with
eavy quarks (e.g., Higgs, KK bosons, etc)
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ACOT scheme — (subtraction term)
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