Measuring lepton flavor violation at LHC using a long-lived
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000 xXx0oo FEVD)\aD)\T“DDaDDDDDDDDDDDDDDDDDDDDDD
0o000oo0o0o0ooo0o0o0ooOo00ooo0o0oo0oo00n
chiralsupermultiplet[][II:JEI[II:JDDDDDDDDDDDDDDDDDDDDDDD(T“)Z[I

000, T =4ifT¢000000000000000000D000DDO0OOO0OD0OO00

OO0supermultiplet 00 0000000000000 000CO0O0OOO0O0OOO0O0OO0OGCOO

0000000000 X, =¢;,%, ;0000

5gaugeXi = igAa (TaX)i (347)

00000o0O00O000o00o0O0O0U00oO0oO0O00OO (3150000000 UoooOoOoUoo
gboboooog

au¢i - D,u¢i = u¢i - igAZ(Ta¢)i (3'48)
0™ — Du¢™ = 9,0™ +ig A5 (¢*T)’ (3.49)
Outhi — Dypthy = Oy — ig Ay (T9); (3.50)

00000 vector supermultiplet D DO OO0 DO OO0 chiral supermultiplet 000000000
gooooooooooODbOOoOo0ob00oooooooooooooboooooobooboboboboboo
goopoooOooooooooboooooobpooooo

(@*T )N, Ae(pTT%) | (¢*T°¢)D* (3.51)

gbooooobooboooooboooboobooobooooboooboooooooooobooon
gboooooooobooooobOoobOooboobooOoobOooooboooobooobboOoooboOooonn
goboooooooobooboooooobooooobobobooboooobDoobooboboogooo
ooosép 000000000 DODOODODODOOOOOOOOOOOODOOO

d¢i = ey (3.52)
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Shia = i(0"€")aDydi + € Fi (3.53)
§F; = ie'a" D,ab; + V2g(T¢) e AT (3.54)

goooobobgoboooooboboboboobobobobooobbobobooobob
gboooobooboooooboooon

L = Echiral + Egauge
—V2g(@ T YA — V29N (W1 T0) + g(¢* T ¢) D (3.55)

0000000 Lenirad Leange 000 0000000000000000000(3.55)00000
0000000000 00000n
WHT*¢); =0 (3.56)

000000000000000000000000 84auge 00000000000000 Lepiral
000000000000000000

(355 0000000000000000000000000000000000000000
000000000000 gauginor000O0O0O00000O0O0O00O0OO0O0O0O00O00OOOOO
000000000000000 0000"00000000000000000000 Lgauge
0 pepe/200000000000000

D = —g(¢"T"9) (3.57)

obobooooobo /o000 peOO0bOOO0OO0OO0ODOOOOOOOOObOOOOOoO0ObOOn
goooog

, 1 ;1
V(0:67) = FUFik g 3 DDt =WIW 453 go(¢ )" (3.58)
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0000OoOoMSSMOOOOOO0OO0O0O0O000O0O0D0DDOO0DDO00D0000000000
superpotential 0 0 00000000 Osuperpotential(3.29) 0000000 OO L0 MY0 ¢k
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00000000000000000000000000y%* 0 ¢;0¢;0¢,00000 singlet O
0000000000000 D000000D0D0D0O00000

superpotential 10000000000 (3.32)0(3.33)000000000000000000
000000 20300000 0200000000000000000000 4700000
0000002.) 000000 (3.33)00000000000000000000000000
00000000000 20b)00000000000 (3.33)0000000000000 2(c)0O
(3.32)000000000000()000000 hierarchy 000000000000000O0O
0000000000000 000000000000000000000000
03000000000000000000000000O0O00O0 3(x)0(b)00000000
000000000000 (3.32)00000000000000000000000 MY 0O 54k
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03:00000000000000000000 (0000000000 M,y 0 (b)(a) O
000000000 My, 0()000000000 MY0(d)00000000000000
M;0(e) 000000000 MjM*

00000000000 3(c)0(d)0 (3.33)000000000000000000000000
0000000000000 MYP0M,;00000000000000000000000000
03(e)0 (332)00000000000000000000000000000O0000000
0000000000

00000000000000004000000 4(a)0(b)0(c)000000000000
00000000000000()O(M) 0 (340)000000000000000000000
00O0OMSSMODOOO0OO0OOO0O0D000000000000000000 4(c)0(d)3(e)D(F)O0
000000000000000000000() 0 gauginn0000000000000000
000000gaugino00000000000000000000000000000000 4(g)
0 gaugino- chiral ] 00000- 00000000000000 (3.55)00000000000
0000000 4(e)0(f)000000000000000000000 4(h)0 (35500000
00000000000000000043G) 0 (358)0000000000000000000
00000000000000000000000000000
000000000000000000000000000000000000000000
000

3.3 soft SUSY-breaking 0000
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gbooooboooboooobooobooboooooobooobooooooobooobooon
gbboooobooooooooobooboobooOoooOooobOoobooobooooboOooonn
00000oo00o000oDoOoo000oDOOo0O000oDODOOo0O0O0O0nO hierarchy OO OO
0000000000 soft00000O0O0OOOODOOOCCOOOO0O0O00O0OOOOOOOOOO
gbooooobooooooobooobooobooboooooboboobooooboobooDbo
gboooobdoobooobooboooobobooooboooboooooboooooboOobo

0000000000000 0000000000 soft0 0000000 (soft SUSY-breaking)
oo

1 1 . 1 .. ) _—
Loty = — <2Ma)\a>\a + éa”kqbigquﬁk + ibwﬁbi(bj + tz¢i> +c.c. — (m?)5¢" ¢ (3.59)

1 . )
»Cmaybc soft = _icz]'k(z)*zquﬁbk + c.c. (360)

000 M,0e*0p90+0(m2)/0c*000000000000M,0(m2) 000000000
00000000000000000000000000000000000 singlet 0000
00000000000000#0000 ¢; 0000 singlet000000000000000
0000 MSSMOOOOO0O0000000 £=—-im¥yy;+cc. 0000000000000
superpotential 1 000 (m?):0¢*00000000000000000000000000
Lo 000000000000000000000000000000 Liaybesots 10000
00000000000000000000&*0000000000000000000000
000000000000000000000000000000000000000000C00
0000000 0gaugino O chiral supermultiplet 0000000000000 0OODOOOOO0O
0000000000 content 000 MSSMODOOOODOOOOOOOODOOODOOOOOOO
0000000000000000000000000000 (3.59) 0000 soft SUSY-breakin
00000000000000000
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0 5: soft SUSY-breakin term0 (a)gaugino 00 M,0 (b) 00000000 (m?)i0(c) 0000
0000 WOo(d)Dooooooo ok

000000000000 gaugino O chiral supermultiplet 000 0000000000000
000o00oo000oDoo00ooo0oooDo0o0oooOoOooooOooOOoDoooooon

(3.59) 00000 soft term D00 00 Feynman D00 00000 5000000 5(a)d(c)O
()00000O000C00O00OOO0D0OOOODOOOOoUOOon

4 MSSM

O00C0soft000O00DOO0OO0ODODOOOOOODOOODOOOODOOODODOOODDOOO
oo MSSMOOOOOOOO

4.1 superpotential 0 0000000

MSSM O DO OO superpotential 0 00000000000
Wussm = @y QH, — dysQHg — ey LHq + pnH, Hy (4.1)

0000000 H,O up-type 000000 H; O down-type 000 000QODO0O0D0OODO
00L0000000000«0000 up-typeDDDO0O00dOO000 down-typeD OO0 OO0
e000000000 chiral supermultiplet 0000 0000000000000000O0O0OO0
00 “0’0000000000 y,0ys0y. 0000 Yukaewa0DOOODODOODODOOODODOOx
0000000000000 00000000000000000000000000 p-term O
((Hy)o(Ha) 3P0 Gy QHy O 4 (¥ Qjaa(Hu)pe® 0000000000000 0000
000000000 a,8=1,20 SU(2)r weak isospin 0000 000¢=1,2,300000000
«=1,2,3000000000000

400 pterm 0000000000000 D0000000OOOODOO superpotential O
0000000000000 000000000000000Osuperpotential 10000000
0000000 0W@RH; 000000000 singlet 00000000O0O0D0OO0O000ODODOO
0000000 YukawaOOOOODOOOODOOO0OOO (41)0000 @QH, 0000000000
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gboooooboobooooooobooo 2030000 ooooooooonoooooooon
0000000000 DO000000DO000 p0O0O0OD0OODODODOO higgsinoOODOODOOO
oooo

—Lhigasino mass = w(H Hy — HYHY) + c.c. (4.2)

goooooboboooooob 20000
_Lsupersymmetric Higgs mass — |H|2(‘H3‘2 + |Hq—l—|2 + |H((i)|2 + |Hd_|2) (43)

00000000000 @43) 0000000000 0o00UooO0o0DUoO0oUDoooOOoUOo
gooooboboooooobooooboooooboooooooboooooooboobobooboboo
gbboooboooooboobooboobooboooboooboobooboboooobooooDbn
000000000000 000000D soft SUSY-breaking tera OO0 O O0O0D0ODO0OOOOODO
ooobooboooooOooooooo0ooo0ooboooo0o0dYukawaODOODODOO p-term
gbooooboooooboo 3000

£supersymmetric (scalar)® = /”'* (aY’uﬂ/Hg* + jyd&HS* + EYEéHS*
iy dH;* + dy iH} ™ + 8y vHE* + c.c.) (4.4)

ooooooo

goobooooOoooo0oooooogoobo- ooboUdb- ooooboobo spoobooo
0004000000000 00000000000000000000- 0000- 000ooo
0000O- O00O0- O0DO0O0D0O0DO0O00dsquark-higgsino-0 O O 00O slepton-higgsino-0
goooooooooooooogosgopooooooooob y, D0O00OO0ODO6O0OODOODO
M)O(c)0 () 000000000000 00000000 4000000000000 y,y!0O
goooopooooogroooOooDOOobOO0o00oggdaanO JLDD[IDD[IDDDDHgD HF
goooopoooooooooooOoOoOOOOOOOOOOOODOOOOOOO

000 superpotential 000000000000 00OO0OO0OOO0OOO0COODOOOOOO
00000000 40000000000000000000O00ODOODOOOOOOOOOO
goo0oooopoooOoOoOoooOoO0OOoO0oOoO0OoooOOO0OOOOODOOOOODOOOOOn
goooOoOoO0O0oopoOoOoOO0U0OOUCODO0UOCOODOO0OUOOUODCOODODOOOOn
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0 8: gaugino 0 0 000 O (a)gluinod (b)winod (¢)bino

0000000000000 gaugmoOOOOOOOOOOgauginoOODOOOOOOOO 800
gobbobooooboobooooobooobooobooobooooboooooobbobooobooooog
000000000000 00O000000O00 430000000000 OOOoOoOoOOD
oooobooboobOooboobooobOobooooboooonoo

4.2 R-parity

superpotential 1 ] 0 0000 00000000000000000000O0O0O0OOO0O0
superpotential 0 (4.1)00000000000000000000000000000 (B)OO
0000 (L)000o0oo

1 .. /s —_ /.
War—1 = iAljkLiLjék + AN RLQudy + ' LiH, (4.5)

1 "o - =
Wap=1 = 5 had;dy (4.6)

0000000000000000000000 ;00000 B = +1/304;,d, 00000
B=-1/300000000B=00000000000000 L,0000L=+10e 000
00 L=-1000000L=00000000000 4500000000000 M.6) 000
oooooooon
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gooooooboooooooboooooooooooboooooboogbooooboooboooDoog
gooooQoooooooOoOoOoOoOOOOOOOOOOOMSSMOOOOOOOBOLOOO
gboooooooooboooboooboboooboooobooobooboobooboOo0ooDbobo
gbobooobooboooboooobooobooboooooboooboooboobooooooon
gbooooboooooboooboooooboooboobooOooboooboooooooooboooboboon
000o00o0o0oU0oUoUoOoUoOUOUOU0 [MoBOLOOODOOOOOOOOOOOOO
O00o0o0oOQoQoOoOoOoOoOoOoOoOoMSSMOO “Rparity’l 00000 OOCOOODOOCOCOOO
gbooBOLOOOODOOOOO

R-parity 0D 0OO0OO0O00OO0OO0OOOO

Pr = (—1)3B-1)+28 (4.7)

000 s000000000000000000D000000000000000000000
000000000000Pg = (-1)30/3-0+20/2 000 41 0000squark 0000 Pg =
(-1)3/3-0+200 1 QO0O0D00000000000000D0000000000000000
00O superpotential 0 0 0000000000000 PROOO 4+1000000000000
00000000450 (4600000000000 (4.1)000000000000000O0
R-parity 00 000000000 BOLOOOOOO0OOOOOOOO

0000 R-parity 0 0000000000000 0000000000O0OOOO0 R-parity(Pr =
+1)000000000000000000 R-parity(Pr =—-1)00000000000000
O0OR-parity 0000000000000 O00O0D0000000000000O0OOOOOO
00D000000000000000000000000000000000000000000
O00Pr=-100000000000 “lightest supersymmetric particle (LSP)’0000000
0000000000000000000000000000 LSPO0OO0OOOOOOOO0O0
0000000000000 D00000000 LSPO0ODOO0ODODOOOODOOOO LSPO
000000000000 00000000000000000000000000000000
0oo0Oooooooo

MSSMOODOO R-parity 00 000000000000

4.3 MSSM O O soft SUSY-breaking

MSSMOOOOOOOO0OO0OO soft SUSY-breaking term 0000 (3.59) DO0O0O0OOOO
Reparity 0000000
1 s -
L= —5(Magj+ MWW + My BB +cc.)
—(ia,QH, — jadQHd —éa,LHy+c.c.)
- ~ -~ ~ - - ~ :T - -
—Q'mgQ — L'm3 L — am?jﬁ —dm%d —ém? &'

—m; HiH, —m} HjHq — (bH,Hy + c.c.) (4.8)

000000O0o0o00oooooood MsOM,OM,; O gluinoOwinoObinoOOOOOOOODO
gboboooboobooobooboooobobba,Uagba, 00000000OO00OCO0OOx O
o0D0D0o0D0o000O000O00D Ywkawa OODOODOOODOOODOOOODODODOOOD
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squarkO slepton 000 00000(3.59) 000 (m?)! 00000000000 0m30m20m20
m20m20000000000000x00000000000000000000000000
00000000000000000000000000000000000000000000
00 SUSY-breaking 000000000000 m} Om}, 0 (m?)] 0000000000060
(3.59)00 v 0000000000000000 MSSM OO SUSY-breakingOD OOO0O0O000O
000

00000000000000000000D00D00 SUSY-breakingDOOOOOO0OO0O0OO
000000000000000000000000000000000000000 pu—ey0O
0000000 SUSY-breaking0 00 0000000000000 0D000O0ODODO0OOOO0O
000000000000000000000000000000000000000000000
0000000000000000000000000000000000000SUSY-breaking
00000000000000000000000000000000000000000000
00000000000000000000000000000000000000 Q,00000
00000000000000000000000000000D0000 Qo 00 SUSY-breaking
00000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
000000000000000000MD000000000000000000000000
0000000000000000000000000000000000000000000™
0000000000000000000000000000000000000000000
000000000000 g1,92,9s000000MSSMOOOOOODODOOOO

d 1

B ) \ [ (41710, -19/6, -7) OODO
Bg. = %ga = Wbaga, (b1, b2, b3) = {

(33/5, 1, —3) MSSM (4.9)

0000000 ¢t=In(Q/Q,)0QO000000000DN00OMSSMOOOOOO0O0O0000
0000000000000 00C00000000000000000000¢ 00000000
0000000000000 00000000000000000 6y 0 e=gsinfy = g cosby
0000000000000000000y,¢000g=g,91=+/5/3¢ 0000000000
000000000000 MSSMOO My ~2x101Gev0000000000000000
000000000000 000000000000000000000 MSSMOOOOOOO
soft 0000000000000 0000000000000000000

4.4 MSSMOOOOOOOOOO

goooMsSsSMOOOOOOOOODOOOOODOOOOOODOOOOODOOOODOOOOO
00000000 “supersymmetric non-renormalization theorem[5”0 00000000000
0000000000000 ooooooooon vertexOOOOOOOOODO
O00D0O0O0OOOsuperpotential 00000000000 DOOOO

d . o o g

By =y =yt oy + iy (4.10)
d . S

Bus = MY = MY M (4.11)
d .
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gbooboboobooboon fy;IZIIZIDDDDDDDDDDDDDDDDDDDDDDDD
goboobooboobOooboooobobooooboooonoo

Vi = 39" Yimn — 205Ca(i)3;

167T2 ygmn 7 (413)

00000000C,()0 00000000000 supermultiplet ®; 000000000000
gooooooooo Ted
(TT%)] = Cy(i)6? (4.14)

O00000000D0 «O0000D0000 ¢g,000000MSSM supermultiples 0000000

goon
4/3  for ®;=Q, a,d
Coiy =1 Y o @ u (4.15)
0 for &; =1L, e, H,, Hyq
3/4  for & =Q, L, Hy, H
ooy =1 Y o @ 1 d (4.16)
0 for &, =u, d, e
C,(i) = 3Y7?/5 for each ®; with weak hypercharge Y; (4.17)
gbo0obdoobobbobooobuooboobooboboobooo
d I ( Co( 4.1
/6 dtga_ 167 29a Z _3 ) ( . 8)

0000000 C,(G)00 GO0O000000N000000U(1)00 00SU(N)OO NOO
0 000 I,(¢) O chiral supermultiplet 000 0000000000SU(N)0O00OO0O0O0OO0OO
1/20U(1)y 0000 3Y2/50000000 00

soft SUSY-breaking 00000000000 DOOOO0ODOOOOODOOOOODODOOOODO

d 1
= —M,=——-¢212) I(n)—6C, M, 4.1
bu. = 2 Mo= 0. [ Z (n) - 6C. (G)] (4.19)
B = 4 ik _ 1 |:1aijpy* YR iy 2 Ca (i) (AMayTF — 2aP%)
a - dt ].671'2 2 pmn pmnmnp a~a a
+(i = k) +(j < k) (4.20)
’Bbi'j = %b” = 167T'2 |:2bzpypmnyj + 5:’/ ]pypmnb M pypmn /
+92C, (1) (AM MY — 269 | + (i — §) (4.21)
d % 1 1 imn, p imn, p imn, * p ip mn
By = %t = 1672 2y ymnpt ta ymnpt ta yman +M ypmnb (422)
A N S S B N0 R R S NS e
ﬁ(m2)i - %(m )2 16’/T2 yzpqy (m )n + §y ypqn (m )z + 2yipqy (m )7‘
g, alP? — 8g2C, (i)| M, |?5] + zgg(Ta)gTr(TamQ)] (4.23)
ooon

gobobooboobooboobooboobobobobboobooboon
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5 MSSM 0O mass spectrum

5.1 OUOgoogooo

MSSMOODO0OO0000D000000000000D0000000OO doublet H, = (HF, HY)O
Hd:(Hg,H;)DDDDDDDDDDDI:IDDDDDDDDMSSMDDDDDDDDDDDDD

Vo= (P mig Y(HR P + [HE ) + (uf® +mE,)(|Hg” + [Hy )
+b(HHy — HYHY) +c.c

1
+5 (0" + 9PV (HLP + |H P = [H P = [Hg* = [Hy )

1
3PS HY + HOH " (5.1)

0000000000000 0D000O000000oOooooooO (SU@)LxU)y =U()em
)OOODO00000000000000000SU(2), 0000000 HFf=000000000
0000000000 9V/H =0000000000000000000000AH,; =000
gboooooobooobooboooooDobo

Vo= (P +mi ) H)? + (Jul? +m,) [HY)? — (bH) HY + c.c.)
1
g(g2 +9%)(IH,)? - |HJ?)? (5.2)

ooo0oH, 000 HyOOOOOOOOOOOO 000000 DOOOODODOOODOOROO
gbobooooobobooooooboboooooonoad HSHgDDDDDDDDDDDDDD
(HY,(HY)ODDODDODDODDOO0O0O000000000H,0H,0000 weak hypercharge O
00o0oo0oooUu(l)yDOODOUDOODOOODOODOODOOOOO
MssMOOOOOOOCOOOOOOOOOOOOOOOOOOOOoOoOoOOoOOOOOOOO
gbooooobooobooboobooobooboooooboobobooboobbovoobooooooooo
gooooooooo H,O0H; 0000000000 0DOO00OO00OO0O0o0ooDobo00on
|H)|=|H}0DOOOVDOOOOOODOO0O000O00000000000000 DtermO00OD0O
0000000000 “Dflat direction”0 000000000 0OOOOOOCOOOOOOOO
gbooooboooooobooboooobobo

2b < 2|ul® + m3;, +my, (5.3)

O00000Obterm 00000000 ODOOOOOOOOOA!O HYODDDOODODODODO
HY=HY=000000OO0OO00DO0O00OO0OO0D00OO0O0OO0OO0ODODOO

0% > (luf? +miy, ) (|ul* +mi,) (5-4)

0000000000000 000D000000AH=HY=0000000000000000
oboooooobooboooooboo
gobooooboobooobooboooobobooobooooboooo

va = (Hy), va= (Hg) (5:5)
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0000000000000000000000 Z2°00000000000000000000
gogoooo
v2 402 =02 =2m% /(9> + ¢*) ~ (174 GeV)? (5.6)

gobooboooobod
tan 8 = v, /vq (5.7)
00000 bOo0obooboboobooboobobOoonv»pO0uooobooooooobgo<
B<#/200000000000000000000000000 8V/0H? =8V/0H2=000
m3. + |p|* — beot B — (m%/2) cos(283) = 0 (5.8)

mi;, + |u> = beot B+ (m3/2) cos(28) =0 (5.9)

000000000000 (5.3)0(5.4)00000000

5.2 Neutralino 0 Chargino

higgsinoO OO gauginoO0 OO0 OO0 O00O0O0O0O0ODOOOOOOOOODOOOOO higgsinoﬁg,ﬁg
000 gauginoB, WO OO OO0 “neutralino’ 100 00000000000000O0O0O0O
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0000000000 90 = (B, W, HY, HY) OO neutralino 0 0000000000000

1
Eneutralino mass — _i(WO)TMA}\Ijo + c.c. (510)
M 0 —gva/V2  gou/V2
0 M. 2 —gu,/V2
My = ’ gualV2 - —guu/V2 (5.11)
—g'va/V2  gua/V2 0 —u
g /V2  —gu V2 —p 0

ooooobooooooooooooOoo0o NOoOoOooOOOOoOobOOOoOoOobDObOOooooboOooo
oood

N; = N;; 09 (5.12)
mg, 0 0 0
0 mg 0 0

N*MN~! = TR, (5.13)
0 0 mg O

Oo0o0ooooooooogoooood
charginoO OO OO

1
£chargino mass — _i(mi)TM@\IIi + c.c. (514)
0 XT
Ms = (5.15)
X 0
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gobooooooooooooboo
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7 Constrained MSSM with right-handed neutrinos

7.1 Constrained MSSM with right-handed neutrinos

0000000000000 0000000000O0O0000000DODO0O000oooooOOn
go0oO0oO0OQ0OoU0OoU0UoOoOoOoooOOoOoOU0U0DoUoOoOooOOOoOOOUOOOoDDDOODd
00000000000oooOOo0OO00000000DOOOODODO000D0D0DOoODDODOODODOOO0
g0oooooOoOooooooooooOoOoOooooooooobOOoOooooooooooond
000000000000000 [8)0000 minimal supersymmetric Standard Model O O O
000 MSSM+right-handed neutrino 0000 OMSSMOOO0OOOOOOOOCOOOO super
potential 0O OO OO0OODO0O

. 1 ..
W D (v,)§v' HyeLo + §ngi1/j (7.1)

000 #000000000000L,00000 doubletdOH, O up-type 00000 super-
multiplet 000000y, OOOODOOO DiracYukawacoupling[lDDDI:IDMgDDDD
OO0000O0000ooDDOOD0e00ODOODOOOOOOOO MepODOODOOOOOOOO
Ood
Mpa
Mp = Mpo (7.2)
Mps

oooooboooOooooooooooooobooooboooooooooo

MSSMOOOOOOOOOODOOOOOOOoO0O0oDOoOOoO0oOoOoOoOooOboOoOoooooooo
oooooooOoooooobooooooooooOoooooooboOoobooooooooDoooD
00000000 constrained MSSM (cMSSM)O0 000000000000 OOOOOOOOO
00000 101%[GeV]0 0000000000000 OOOOOgaugino 00 MO M0 M3 0O

M3 = M2 = M1 = m1/2 (73)

28



0 my,, 00000000 slepton soft SUSY-breaking 0 0 0 O O

<IN
N

mQQ:m
DngDDDDDDDDD 3000
A, = agy, (7.5)

0000000000 Yukawa coupling0 000000000 ODOOOOOODO aoOODOOOO
gdb0o0ododobOdUD mass spectrum O m%Dml/QDathanﬁDarg(,u)DDDDDDDDDD
gooooobbobobooooooobobobobobDoooboboboboboooooo
Jo0o000oo000O0o0DO00DO0o0oDOoooOOoobO0oooDOoooOoooeMSSMOODOOOOOO
gooooooooooo0oooooooooooDy 000000000 AOD0ODOOOOOO
000y, O0LFVOOOOOOOOO[QO

goooooobobooobobooobooDooboobDoobobD y, DO0DDOOODOODOn
00000000000000000D slepton O soft SUSY-breaking 000000 O0OOO0O
000 one-lloop0O0O00O0ODO

d(m3);

«

@ aQ 1672

lm%ylyu +yly,m] +2(ylmly, + m} yly, + AlA))

miyly. +ylyem] +2(yImZy. + m} yly. + AlA,)
6 3 ’
(- oot - o - L) (75

0000000 m? 0000 slepton doublet 0 OmZ 000 O sneutrino O soft SUSY-breaking [
oood m?qu O up-type 0 00 O doublet O O m%[d 0 down-type 0 0 0O O doublet O soft SUSY-
breaking0 00O OO0OOOA,, A, O soft SUSY-breakingO 00000 30000000000
300000000000 superpotential(7.1) 0 Yukawa OO O OO OO0OO0O0OOOOOSO

S = Tr(m2Q +m?2—2m? —mj +m?) —m} + qud (7.7)

0000000m30m20mZ0m2000000000000 doublet00 00 down-type 0 00
00000 up-type000D0D0O00D0O00DOO soft SUSY-breaking 000000000 1100
0000000000000 0000000D00D0D000 760 102000 102000 110
(a),(b)000000D000D0102000 30400 (¢)0000000D0102000500 (d)0O
00000003000 10200 (¢)00000D0D0O3000300 ()0DO0000OO0DO0OO0
00000000000 (76)00y, 000000000000 000 slepton 00000 LFV
0000D00DO0ooooDoog
00000000 slepton 0000000000000 OO

d(m%)g 1 2+ t2 2 1 2 1 t
T = 1672 2(mzyeys + yeyemz) + 4(yemyl + miy, yeys + AcAl)

B
24 6
—gngf + 5ng (7.8)

g0000DoOo0o000DOoC000y, 00000one-loop000000D0COOOODOCODO
gboooobooon
slepton 000 0000D00OO0O0OOLFVODOOOOODOOOOODO

[e%

29



011: 00000slepton2000000000D0COCO0OODCO ODOODOOOODOODOOO
goboobobbobooboobodbd gauginol O OO

8 LrFvUOuooQ

slepton 0000000000 O0O00O00OCODO LFVOOOOOSslepton 000000 SUSY-
breaking 0 000000000 O00DOOOODOOOOOSUSYDODODOOOOOoOoOooDoOoOoOo

0000000 slepton 000000 (lay,duysbryslens lupslrp) 000000000
m? +v2ylye + (=3 +sin® w) cos(28)m%1 (m2,)* 61)
m? m?2 + v2 T _qin26 2 )
iR ‘ SYey!l — sin® Oy cos(26)m71

gboooboooooooboobobobob 3x 3obobooooboboooooob- o
go0o0ooOoo00- o0bo0O0000Db- OO0 0000Doo0- 00O sleppond000O0O

0 12: staud LFV OO

30



000000000000 0m?, D higgs-slepton-slepton 0 SUSY O 300 00 SUSY-breaking
Os3000000ooon
M2 = va( Ao — pitan By} (8.2)

0(76)000m2000000-000000000D0LFVO0OODOO0ODODOOOOODOOO
000000000 O0O0Ostaud LFVOUOOOOOOOOOUOOOOO staud0O 120 ()000
000 LFVOOOOO0OO0OO stauO (b)DO0OOOO LFVOOOOODOOOO

00000 LFvVOOOODOOOO0O00ooOoOO0o0ooooooooooooooD 81)ooo
0000000000000 00000O000000 NLSPODODO lightest slepton 00000 O
O00D00000NODOOOODOODOO00000 Iy (a=er,pr, 7o, €r, fbr, 7r) O

li = Nialgo (i=1,2,---,6) (8.3)

0000000000 ;0000000000:0000000000000000000000
lightestsleptonilljDDDDDDDDDDDDDDD

il = NleLieL + NlMLiHL + NlTL[TL + NleRieR + NIHRiNR + NlTRZTR (8'4)

000000000 N1 O lightest slepton OO0 O0O0000D0ODDDODODDDODDODODOD lightest
slepton 0 LFVOOOOOOOOO

1
Th iz = \ (6m)2 —mZ {(lg15]° + l9i5]*)om — 2Re[g{g{5Ims } (8.5)

471'ml~1
1
915 = ﬁgz tan Oy Nig,, g1y = V295 tan Oy Nig,, (8.6)

000000000 B=e,pu0 00 mg00000O000O0O0O0OO
oboboooboooobooobooobooboooboooboooboobboobo N Oboooo
000000 (8500000000 lightest slepton 000000000

9 goou

9.1 vy,

00000000000cMSSM with right-handed neutrinos 0O 0000000000000
0000000000000 YukawaODO y, 000000000000 O0ODOOOOOOOy, 00O
goopooooooooooooooon

000000000000 0000 m, 0000000 m, 0 MNSOO Uyws0oOoooQ
000oDoOoooooooooooo0dnd m, O

m, = v, Unnsy, Mz'y, Unins (9.1)

0O Uuns, 00000000000 Mg,y, D0O0000O0(9.1)000000000O0O0O0O0OOO
MpOOOOODODOOOOODOOODOO

—1
LV my1 MRl
My = vuUninsYs Mpy w (9.2)

—1
AVALLIR MR3

31



0000000 my1230 Mpl,, 0 m,0Mz' 0000000WD (9.1)00000 WWT =1
00000000000000000000 y, 00000000

1
yy:;thLﬂNwﬁﬂUhM; (9.3)

0000y, 0 Mg, m,, Uyys, WOOOOOOOOOOOOOOOOOOOO000000000

0000000000000000000000000000000000000000000
00000000000000000000 Am2, Am3,00000000000000000
000000000000 Am3, =8x 1075 [eV2], Am3, =0.002[eV2] 00000000000
O0OMNSOOOOOOOODOOOOOOOOOOODOOO00MNSOOOOOOOOOOODO
00000

1 0 0 1 0 0 C13 0 S13 C12 S12 0
UMNS = 0 C23 523 0 1 0 0 1 0 —S12 Ci12 0 PL
0 —S8923 C23 0 0 62'(s —S13 0 C13 0 0 1

000 s120c¢12000 61206,300,5 00000 sin0OcosDO0O0O0O0OO6O DiracCPOODODO
0000 Uyws O0OOOOODDOOOODOOO Majorana CP OO

eia1/2 0 0
Py = 0 e/2 0 (9.5)
0 0 1

000000000 60, theta2300000000000000000 615 = 34°, 63 =45° 00
0ooooooo

0000y, 00000000000000000000000000 my,, 300 63, Dirac
CP OO 6, Majorana CP 00 oy, an, 00000000000 Mgy, Mpo, Mgz 0 80000
00000000000000000000000000000000WOOO 6000000
000 14000000000000000000000000000000000000 y,0
0000000000000 000000000 LFVO0O0OO0O00000000

9.2 0OUOOOoobDOO

00000000 Mz~100GeVOOOOODOOOODOOOODODO MpOODOoOOOOoO
0o00ooooooooo mSUGRAODOOOOOOOOOOOOOOOOOOOOOOOOO
OM,000000000C0000D0COOO0OO lightestslepton0O0000O00O00O00O0O
gbooooogoboooo

gbooobooooooOoooboooobooobooobooobooOooobooooboooooooonDn
gooobooobooowiooboebooboobooobooooboboobbooboobooo
lightest slepton D0 0000000000000 O0O000O0O0O0O0O0OODDOOOOOOOOD
obowioboooooobooobooooooboobooooboooooooooooboooooon

32



wooo

cosw; —sinwy; 0 cosSwy 0 sinws coswz —sinwsz 0
W= sinw; cosw; 0 0 1 0 sinws cosws 0 (9.6)
0 0 1 —sinwy 0 cosws 0 0 1

000000000000 wiDw0ws00000000000000000000000000
0000000000000000000 (Mg1, Mgz, Mgs) = (1019, 101, 10'2) [GeV]O O O O
000000000000 m,; =0[eVIOMNSOOO 13000 63 = 00 Dirac CP 00O 6 =00
Majorana CP 00 a1 =, =000000000000000000

0000000000000 0 LFVOOOO0O0O0O lightest slepton 00000000000
0000000000 LFVOOOO0O0000000000000D00000 lightest slepton 0 O
007000 LFVOO0O0000000000O0DDOO 130000 Br(r—wy) 000000
000000000000000000000000 mg, myy2, 4o, tan 30000000000
00000000000 3000 mg, myys, A, tanf0000000000000000000
0ooooooooooo

datal | data2 | data3

mo 325.1 | 275.9 | 351.9
mi/2 859.7 | 870.6 | 821.0
Ap 664 161.2 | 857.8
tan g3 36.68 | 31.88 | 38.23

sm(no-LFV) | 1.44 | 0.212 | 0.071

00000000000000 massspectrum 000000 LFVOOO0000000 ém O
000 (data2) O 0.21GeVO O (data3) 0 0.071GeV OO O000000000000000000
0000000000000000000 lightest slepton 00000 g~ — pxe 00000
0000D000000000000000000000000 data30000000000000
000000000000000Br(p—ey)00000000000000000000000
12x1071'000000000000000000000000000000000000000
00000000 Br(r — py) <45 x 10 80Br(r — ey) < 1.1x 107700000000000
00000data2000000000000000000000000001y— X0 7— pyO
000000000000000000000 lightest slepton 0000 Iy — efo 0000000
000000000000000000000000000000000 lightest slepton 0 0 O
0000000000 Br(r—uy)0000000000000000000000000000
0000000 data300000000000000000000 Br(r— puy)0000000
0000000000000000000006mO000000000000000000000
0000000000000000 Br(r — uy)0Br(r —» ey) 000000000000000
LFVOOOO0000000000000000000000000000000 mass spectrum
000006mODO000D0000000000000000000000000000000
00000000000000000000000000000000 ém0000000000
0000000000000000000émO0000000000000000000000
0000000000000000

33



00 Br(r — ey) O lightest slepton 0 0000000 14000000000000000O0
00 130000000data2000000000000000000000000 ly — exo0
T—ey00DDD0000000000000 I —puxo0000000000000000000
0000000 13000000000000data3000000 140000000000000
000000 data2000 g —exo0 7 —ey0000000000000000000000
00000000000000000)—»puxe00000000000000000000000
00000000000000000000000 data20000000000000 Br(r — ey)
000000000000 DO0data3000000000000 Br(r—ey) 0000000000
0ooooooood

000000 OO0ODOO00O00O00OD00000000000000000000 7000 20
000000000000000000000000000000000000000000000
0 150 Br(r — py) O Br(r — ey) O lightest slepton D00 0000000000000 0O0OO
00000000000000000 datal 0000000 mo, myje, 4o, tan0 000000
O0datal 0 ém =1.44GeV 0 0000000000000 WDOOOOOOODOOOODO0O0OOO
0000000000000 000000000000000000000000data20000
00000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
00000000000000000000D000000000000000 10713 107125[sec]
0107 1- 10719%5[sec|0 107%- 107%5sec] 00O O00O0DOODODOOOO0O 16000000000
00000000000000000000 Br(r— wy)-Br(r—ey) 000000000000
00000000000000000000000000000000000000000000
00000000000000000015000000000000000000000000
0000000000000000Olightestslepton 0000000000000 Br(r — uy)
0Br(r—ey)0000 1600000000000000000000000O0O00O0OOO0
0000000000000000Br(r—py)0 Br(r—ey)00000000000000O0
0000000000000000000

10 OO0

000ooooooooooooooooMSSMOOODOOOOOOOOoOOoOoOooOoOoooooono
000y, 00000 LFVOOOODODDOODODDOOOOOSsleptond 200000000000000
OO0 sleptond LFVOOOOOOODOOODOOOOOO constrained MSSM O O 00O 0O lightest
slepton O NLSP O O O 0 lightest neutralino 0 LSPOO0O0O0OOOOOCODOOOOODOOOOO
00 LFVOOOOOstauld om<m, 000000000 0CLFVOOOOOOOOOOOO
g0o00bO0O0bOO00o0OOoO0bDO0bOO0oOobO LFVOODOOODOOODOODOstauOOOOooOOoOoO
oooooooo

gooooooooooo MSSMOO LFVOOOoOODoDoOOoOooOoOoooogoooooo
0000000 YwkawaOODO OO 400000000000000D000O00OWOOOOO
Jo0oo00o00oo0obOo00ooooo0ooOoo0oooooDOoooDoooDooDoooDwooooo
000ooooo0o0ooo0oooO0o0o0ooDo0 MpOODOOOODODOODOOODOOODO
0o0o0o0ooooooowiooooooooooooooooooooooo

34



00000000 Br(r — py) O Br(r — ey) O lightest slepton 0000000000000
lightest slepton O lightest neutralino0 000 dm 00000000000 00O0O0O0OOOODOO
0ooooooooo

m, >dém>m., 0000000 Br(r —ey) 0000000000000 O00O0DOO0ODODOO
000000 Br(r —ey) 000D0DDO000O0O0ODODOOO

m, >dm>m, 0000000 Br(r — uy)0Br(r —ey) 00 000000000000OO
000000 16000000020000000000000000000000000000
0000000000000000000000000000000000000

D0000LHCOODODOOOOOOOOO0O0O00O000000000000ooooooooo
000000000000000 lightest slepton 00000000000 O0stau 0000000
ATLAS detector 0000000000000 107°-107sec) 0000000000000 OO0O
00 lightest slepton 0 LFVOOO0O0ODOO000D0O0O00O0D0O0O0OODOOO0OOODOOOOOO
00000 LFVODODOO00000000000000000000 Br(r — wy) < 4.5 x 10780
Br(t —ey)<1.1x107700000 1400 150000000000000000000000
0000DOlightest slepton 00000000000 000000D000O0O000O0OODOODOO
00000000000000000000000000000000000000000000
D000 LFVOOO0DO000000000000000000000000

0o

gbooooooooboboooobobooobOoobooboooooooooboooboobooooonoo
000000000000 0000O0o00DOO000DoO00O0OOO00D0OO0OOOOscar Vives
gboooboooobooobooboboobooboooobooobooobooboobooobooobooon
gboboooboooboobooboooobobooobooboooooboooon

gogg
[1] S. P. Martin, [arXiv:hep-ph/9709356]

[2] S. Weinberg, Phys. Rev. D 13, 974(1976), Phys. Rev. D 19, 1277(1979); E. Gildener, Phys.
Rev. D 14, 1667 (1976); L. Susskind, Phys. Rev. D 20, 2619 (1979); G. ’t Hooft, in Recent
developments in gauge theories, Proceedings of the NATO Advanced Summer Institute,
Cargese 1979, (Plenum, 1980).

[3] S. Coleman, J. Mandula, Phys. Rev. 159 (1967) 1251; R. Haag, J. Lopuszanski, M.Sohnius,
Nucl. Phys. B 88, 416 (1979).

[4] J. Wess, B. Zumino, Nucl. Phys. B 70 (1974) 39.

[5] A. Salam, J.Strathdee, Phys. Rev. D 11, 1521 (1975); M.T. Grisaru, W. Siegel, M. Rocek,
Nucl. Phys. B 159, 429 (1979).

35



[6] T. Jittoh, J.Sato, T.Shimomura, M.Yamanaka, Phys.Rev. D 73 (2006) 055009, [arXiv:hep-
ph/0512197v2]

[7] G.’t Hooft, Phys. Rev. Lett. 37, 8 (1976).

[8] P. Minkowski, Phys. Lett. B67 (1977) 421.T. Yanagida, in Proceedings of the Workshop on
Unified Theory and Baryon Number of the Universe, edited by O. Sawada and A. Sugamoto,
Report KEK-79-18 (1979). M. Gell-Mann, P. Ramond and R. Slansky, in Supergravity,
edited by D. Z. Freedman and P. van Nieuwenhuizen (North-Holland, Amsterdam, 1979).

[9] T.Ota, J.Sato, Phys.Rev. D71 (2005) 096004, [arXiv:hep-ph/0502124v1]

[10] A.Ibarra, C.Simonetto, JHEP0804:102,2008 [arXiv:0802.3858v2]

36



X' ' ' ' | data2
x data3

= = =
© <o 9
(o] AN N
T T T
1

lifetime[sec]
(=Y
S
oo

10-10 L

1014 |

10'16 " 1 " 1 " 1 " 1 " 1 " 1 "
10%° 10 101 10 10% 101° 10® 10°

Br(t->uy)

0 13: Br(r » py) 00000000

37



lifetime[sec]
5 o o g
N AN no 9
S N o [ee]

=

S

=
= o
o

x | | ' ' ' | data2
x data3

10 10 101? 1010 108
Br(t->ey)

-22 10-20 10-18

0 14: Br(r — ey) 00000000

38



10%° 10 101 10" 10'? 101° 108
Br(t->uy)

O 15: Br(r — pv) O Br(r — ey) O lightest slepton 00000000 (1)

39

108

10-10
10-12
10
10-16



Br(z->ey)

10%° 10 101 10" 10'? 101° 108
Br(t->uy)

O 16: Br(r — pv) O Br(r — ey) O lightest slepton 00000000 (2)

40

108

10-10
10-12
10
10-16



