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1. The lepton flavor violation

The breaking theory of electric weak symmetry and neutrino
oscillation experiment show that lepton flavor violation exists
both theoretically and experimentally. However, the lepton
number is conserved in the SM. It is necessary to expand the
SM. Any sign of LFV can be regarded as evidence of the
existence of new physics.

We use mass insertion approximation with the electroweak
Interaction eigenstate and treats perturbatively the mass
insertions changing slepton flavor. At the analytical level, we
can find many parameters that have direct impact on LFV.



The latest upper limits on the LFV branching
ratoof y > ey, T—pyyand 1 — ey at 90%
confidence level (CL) are

Br(p — ey) < 4.2 x 10713,
Br(t — uy) < 4.4 x 1078,

Br(t — ey) < 3.3 % 108,



2. The U(1)xSSM

The local gauge group
SU(3)c®SU(2),@U(1)y®@U(1)x—

U(1)xSSM is the U(1) extension
of MSSM.

Comparing with MSSM,

U(1)xSSM has more
superfields including:
right- handed neutrinos

and three Higgs singlets.

Superfields|SU(3)|SU(2), |U(1)y |U(1)x
Q; 3 2 | 1/6 | 0
s 3 1 | -2/3 | -1/2
ds 3 1 | 1/3 | 1/2
L; 1 5 | @
éc 1 1 i | 12
0; 1 1 0 |-1/2
o, 1 g | 12| 12
H, 1 2 | -1/2 | -1/2
i 1 1 0 |
n 1 1 0 1
S 1 1 0 0




The superpotential
W =lwS+ puH,Hy+ MsSS — YadgH, — YoelHy + Mg SH, H,

T

1 ASHH + ESSS + YoagH, + Yxoio + Y, biH,.

The Higgs superfields
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The soft breaking terms are

i 3 2o
ﬁsﬂft == ﬁﬁfﬁﬂf = BSSQ e LSS s ?SB — TACS??T? 5 5 EijTAHSH;Hﬂ

1J —~xI ~xJ IJ i ~1%7J 2i...19 21-12
—Ix vpvg +el, " Hvply — m,}|’r}[ - mﬁh?[ -

g
S5 (il VIR E E(MXA} +2MppAghg) + he .

The covariant derivatives of this model 1s shown in the general form
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With the two Abelian gauge groups unbroken condition,

we use the matrix R to obtain

gy, 9vx RT _ [ 91 9vx
dxv, 9'x 0, gx




The gauge fields of U(1)y and U(1)x are denoted by ALY and ALX :

In this model, the gauge bosons A, A and V] mix together at the tree level.

L g3v? — $g1go0° L91(gv x + gx)v?
—%9192”02 %95’02 - %92 (gvx + 9X)v2 ;

soilgyx +9x)v* = ge(gvx +9x)v*  §lgvx +9x)*0* + g95€
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sin’ Oy == — (9vx — 91 — %) 95§

2 2/(ghx + g8 + B0 + 80k (g3 x — gF — g3)v2E2 + 1644 €0

with v2 = v2 4+ v2 and €2 = v —I—*u;‘_;.
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The neutrino mass matrix is deduced in the base (vp.7g)

w_| 0w
24(%)" V3uy(Vx)"



Here, we show some needed couplings in this model. We
deduce the vertexes of [; — x; — DR (W)

L il ~_ " ~ _
L, 50 :Eli{va;PLHl — g2 PRW ™|,

i Rl o B i e o
£r st :_Zlf{vgyfprHl — g0 PRW ™},

We deduce the vertex couplings of neutralino-lepton-slepton

| ; Gy
Lo = {(E(g'lé + g2 WO + gyxAg)LE — HEY!}LR) Py

—[ (Zgllﬁ. + (2gyx —I—gx)ki)iﬂ + HEYEEL]PR}I}
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3. One loop diagram

If the external lepton is on shell, the amplitude of [; — [;y is

 M=efu;(p+ q)[qzm(C{“PL + CiRPR)
+my,ioug”(Cy PL + C3 Pr)luj(p),

L; B(Ag) l L il B(\z) l ij B(\z) Jal l
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_ Feynman diagrams for /; — [; y in the MIA _



I. The one-loop contributions from B()-L jf—f‘ X,

Czl(iL, if, E) ALRglzﬁZXI[II(x-E‘?,XI)

2my A3 |
+1I (ILEE, X1) — 212(&@, X1) — Iz(Xgﬁ,ﬂ)], -
G (L7 L ag) = — 34 (gYX T grxgx)ﬁ[fl(xLL Xz)
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+ I (x;gf,xli) —2D(xjL, xag) — D(xjr, xag)),

here, m is the particle mass, with x = The functions

I1(x,y) and I>(x, y) are
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2. The one-loop contributions from B (A ;)-H"-L : -L;".
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4. The one-loop contributions from W°-H U_EL_EL_

CHELE LF A W) = M g tan . frr AL
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5. The one-loop contributions from B — A3 — Ej‘ —LE,
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6. The one-loop contributions from chargino and left- handed
CP-even(odd) sneutrino.

G S S S 3 LL
(ULJ,ULI,H W=) = & tan B{( X2Xy +xﬁh)fg(x }f’xz’xﬁﬂ)
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CE(”fj*ULHHi W:I:) . EQLL tan B{( xgxﬂ»}f ‘f—xﬁrﬂ)fg(x h,xz,xﬁfj)

27452
+( H.IQ.): r —I—Ig)fg(.l?g, r xﬁLRj)—I_ xxzx#hlg(xz,x#h,xﬁff)—Ilg(xg, PL ) UR )}

Finally, we get the final Wilson coefficient and decay width of [; — [y,

i=1.--6 2
: €
C= ), G, L) — liy)=g—mj,|Caf’,

The branching ratio of [; — l;y 1s Br(lj — liy) =0T — liy)/ T



Degenerate result

We suppose that all the masses of the superparticles are

almost degenerate, where the masses for superparticles are
equal to Msusy

My = |My| = py =mp =m; =M, =|Mpp|= Msysy.

R X

The functions /;(i = 1---9) and A;’}B (A, B = L, R) are much simplified as

Li(1,1) = %_%, L(l,1)= 19;;, I(1,1,1) = 48;%2,

L1,1,)= 19211,?2, ELLD =10,  Ie(L,1,1) = o,

LI D= 48;;21 B, L) =0, b1 = T
A =mymy 855, AGE=mG &5 AfR =m} sfK.



Then, we obtain the much simplified one-loop results of C>

_ (g7sign[Mipy] + 285y +3gvxgx + gx)sion[M  py]) tan BSSK
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96OJT2MSUSY

(—E%Sign[Ml .u'iq] == (g;sz e nggX)Sign[M}‘_iu"H] - g%Sign[MZH}f])ml, tan ﬁaIﬁL
2
9603?2MSUSlej
(—4g3sign[M3] — 4g3sign[u?] — 12g3sign[u)y Ma] + 5g3) tan BSLE

2
384031'2MSUSY

Ch

1
Sgisign[Mi]+5(yx + 5 L gn[ M,
+1920”2M§U5y x {(5g1s1ignlM] + 58y x + 58rx8x)signIMy, ]

—4g1gyxsign[Mpp MiM; ]+ gi1gyxsign[Mpp1)5;"}.

The result with fT:I" is 2-3 orders of magnitude smaller than other terms.
..

- . . . mj.
Therefore, we will not consider the term with ﬁ here.
J‘ =



According to 1 > gx > gyx > 0, we assume
sign[Mi] = sign[M,; ] = sign[uy] = 1 and
sign[M,] = sign[Mpgp'] = —1, and get the larger value

- (581 +5(g§x + 38vxegx) + 3g18vx)85" 3 3g; tan 85"
o= 192072M2,, 128072 My, gy

2 2 2
+ (2g1 - (zg}rX - 3gYX82X 4 SX)) tan ,BS:ER |
96072 Mg, oy




Br(u - ey)
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4. Numerical results
grx =0.2, gx = 0.3 and

3;3."‘ = 1 x 1073, the effect of
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a.L.R = 0.1, gyx = 0.2 and

56L 0.1, the effect of SSR and
gx on Br(t — py). The x-axis

representing the range of 8§R

from 107> to 1, and the y-axis
represents 0.2 < gx < 0.7.

85] = 0.2, gx = 0.3 and
5i% = 0.5, 57" versus gyx
about Br(t — uy). The
abscissa 1s

1 %107 < 8% < 0.5and
the ordinate represents

0.1 < gygx < 0.5.

S_c’:‘;

gyYx

Br(r- py)
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1. the lightest CP-even Higgs mass m;0 = 125.1 GeV

2. The latest experimental results of the mass of the heavy
vector boson Z'is Mz > 5.1 TeV

3. The limits for the masses of other particles beyond SM.

4. The bound on the ratio between Mz and its gauge coupling
gxisMz /gx > 6 TeV at 99% CL

5. The constraint from LHC data, tan g, < 1.5

6. The scalar lepton masses larger than 700 GeV
and chargino masses larger than 1100 GeV

Me=27TTeN, T, =1.6TeN, My =12TeV, My = Mg =1TeV, gyx = 0.2,

&‘ =17 TE‘,V, YXll — szz — Yx33 = = 1, }LC = —0.08, Uvs =43 TEV, }\-H = 01,
- _ 2 2 _ 2 2 2

Mpp =04TeV, T,,, =03TeV, Mﬂll = ME,EZ = M£33 — Mf. =,5 TeV*=,

Iy =4 TeV2, Toy =Tz = To33 =5TeV, tanB, = 0.8, 8x =0.3, n=05TeV,

B, = Bs=1TeV?, Thc = —0.1TeV, M} =M: =M: =M2%=36TeV>

Ell E22 E33
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Table 1 Scanning parameters. Without special statement, the non-zero values of non-diagonal elements

2 2 . ; _ , i g ;
i i Teij corresponding to l; — I;y are shown in the column

Parameters/range/processes pu —ey(j=2,i=1) tv—=puy (j=3,i=2) =% ey (J=3,F=1)

tan B 0.5 ~ 50 0.5 ~ 50 0.5 ~ 50
M‘Eu /GeV? 0 ~ 5000 0 ~ 5000 0 ~ 5000
MZEU/GEVZ 0~ 10* 0~ 10* 0~ 10%
T.ij/GeV —1~1 —50 ~ 50 —50 ~ 50
ms, /GeV 100 ~ 3000 100 ~ 3000 100 ~ 3000
mj; /GeV 400 ~ 2500 400 ~ 2500 400 ~ 2500
% @]
k]
AT 4
] ¢ mean the value of Br(u — ey)
A ]
¢ 7 less than 1.5 x 10713,

] A mean Br(u — ey) in the range
of 1.5 % 10713 10 3.5 % 1013,

eshow3.5x 10713 t04.2 x 10~13

my, IGeV
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| L 1 L L 1 L L 1 1 1 L 1 1 L 1 L L 1 L ]
0 1000 2000 3000 4000 5000
2
M: ., /GeV



m;IGeV

my, 1GeV

2500 &
[ A
2000 Ak
Sy

__ Fy
1500 LR T
L A A
A

[ v
1000 A Aa

oo bR

Gk . . o e
0 1000 2000 3000 4000 5000
IM"E:’:!S!Ge‘\f2
3000 - Aaa : L A A
4 o St L A A
2500 4 AWA o , . £, A
e A A
FECALAIGR %
2000 - A s o AA
._.. :‘ 4 A 3 2 A
(% "
1500 4 g » A A A
A & .l*‘ -
to00f A et ta muu A, L DU
A i, A A,
AdAy 4 4 -l‘ A A
ad I AL
500 AeMi, M ata "4 &{1“;*." al d:‘; 1904 A
f
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e 9x 1079 < Br(t » uy) <44 x 108
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5. Summary

® In the numerical calculation, we take many parameters as variables including

2 2 2 2 AB - -
tanﬁa gX1 gYXa Mia MZIJ, ME"H MEIJ’ 51{] ’ mLa va and Tgij.

2 2 AR o N -
@ Miij’ MEij’ 2y Xx, (Sij , mjy, my, and T,;; are sensitive parameters.

® Br(l; — l;y) is an increasing function of MI% M

2 o AB
i Eij, T(:’.lja gYXs 5:} ’

and decreasing functionofm; and my, .

® ¢ can also give influence on the numerical results but not very large.

® The non-diagonal elements which correspond to the generations
of the initial lepton and final lepton are main sensitive parameters
and LFV sources.






