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The Standard Model(SM)

Fermions: spin = 1/2 particles

spin = | particles

rorces
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i Higgs Boson:
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The SM: gauge group

* The SM interaction follows from SU(3)xSU(2)xU(1) gauge
symmetry
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- The particle contents
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The SM: Lagrangian

 The SM Lagrangian: gauge + Yukawa +Higgs
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The SM: Lagrangian

* There are no mass terms:
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- All particles are  “massless”




The SM: Higgs mechanism

- After the Higgs boson gets vev
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The Standard Model(SM)

* No flavor-changing neutral current

* Flavor-changing charged current: CKM

- Arbitrary complex matrix can be diagonalized by bi-unitary
transf.

up, = Viuy, ugr = Viupg,etc.



Why no tree FCNC?

- Coupling is proportional to unit matrix in flavor space: flavor
universal

* eg: strong int., Z( Y )-mediated neutral coupling
* Coupling is flavor diagonal

- eg: h-f-f coupling

(cf) Z' -mediated FCNC at tree-level?



Flavor Physics

* In the mass basis, we have FC charged current

/

ury'dy = ﬂLWMVgTVLd L — ﬂLV“VCKMCZ,L

 No tree-level FCNCs in the SM. First appears at loop-level.
Sensitive fo NP at A > Eop,.



- Standard parametrization of CKM matrix
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* Wolfenstein parametrization of CKM matrix
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* In the SM, CPV occurs at Vi3, and therefore it is related to
flavor violating processes.

* The SM flavor puzzle:
 Why the off-diagonal components are small and
the CKM matrix is hierarchical?
* Why are the CKM and MNS matrix so different?



Improvement of Wolfenstein parameterization:

To improve the above equation in A, adopt

812 = A,

in all orders of A. Then we get

where p = p(1 — 5)?%),
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Counting the # of parameters in the SM:
revisit fo C. Yu' s lecture

- Gauge sector: 3-gauge couplings
* Higgs sector: 2

* Without flavor sector: approximate [U(3)]° global symmetry. We
can use this symmetry to remove unphysical parameters in
Yukawas

- quark sector: [U(3)F—U(1): 2(9,9)-3(3,6)+(0,1)=(9,1)
- lepton sector: [U(3)]?—[U(1)I°:(9,9)-2(3,6)+3(0,1)=(3,0)

- total =18+1(QCD 0 )=19



The SM: P & C

* P, C transformation (20.3 of Peskin)

* Parity
3
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The charge conjugation matrix, one of which representations is C' = i7y%y?, satisfies
i) Ct=C L.

(ii) T = CT = —C.

(iii) For I' = {1, yu, 0w, Va5, V5 }

+1 for 1,v,75,75

I’ =cr’ct =el. €=
-1 for yu,0m

Some properties of charge conjugation of fermion fields:
() 9°= 00" & ¢ =°Clye.

(i) ¢°=—¢"Ct & 9T = —¢°C.

(Proof)

P = (CY') = (CP%%) = $T7°CMy® = —yTC".
In the last step, we used CTA9C = —49,
(iii) ()¢ = .
(iv) (%)= (¥°)r
(v) 1092 = epsTyf.



CP transformation
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C'P—transformed term H —-A —(=1)WTH (=1)*0,

The SM violates C, P maximally
Lm = _/\;JC—QTL ' deiz '— /\fff“b@;afbguﬁ + h.c.,
transformed into h.c. after CP

Or effectively, A7 — (\7)*,  AY — (\¥)*,



New Physics beyond the SM

e © 6 ¢ ¢

Higgs mass is not protected by any symmetry = Hierarchy
problem.

SM has 19 unknown parameters whose value are to be set
experimentally.

No cold dark matter candidate.
Neutrinos are massless in SM.
Does not explain fermion mass hierarchy.

t can not explain baryogenesis and leptogenesis.

t does not give the gauge coupling unification at some high
scale.

Finally, it does not include gravity.



Gauge hierarchy problem
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Correction to scalar mass is quadratic divergent. Fine tuning
is required to explain the observed Higgs mass. —Unnatural.



Dark Matter
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Dark Matter

* Dark matter(s) should be
stable, i.e., the lifetime
should be much longer than

the age of universe.
Dark Matter

- Should be electrically
neutral.

Dark Energy

* No SM particle can be
dominant component of DM




Neutrino oscillation

For massive neutrinos, one can introduce in analogy to the quark mixing a
mixing matrix describing the relation between mass and flavor states:
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Pontecorvo-Maki-Nakagawa-Sakata matrix

Massive neutrinos develop differently in time.
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— there will be a mixing of the flavor states with time.
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Two-Flavor mixing (for simplicity)
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Mass difference is required for neutrino oscillation.



B’ — B’ Mixing :reminder
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Neutrino oscillation parameters

Parameter best-fit (+10) 3o
Am2, [1075 eV 2]  7.5410-2 6.99 — 8.18
[Am?| [1073 eV 2] 243700 (2.42207) 2.19(2.17) — 2.62(2.61)
sin? 019 0.307 0018 0.259 — 0.359
sin? fo3 0.3860-021 (0.39210055) 0.331(0.335) — 0.637(0.663)
sin? 613 [173] 0.0241 £ 0.0025 (0.024419:0953)  0.0169(0.0171) — 0.0313(0.0315)

Neutrinos are massive as opposed to the SM.



Baryogenesis
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Baryogenesis

* To explain matter-antimatter asymmetry of the universe (baryogenesis),
we need 3 Sakharov conditions

— B-violation
— C and CP violation
— Out of thermal equilibrium condition
- The conservation of baryon number should be violated: obvious

* If C or CP conserved, we get n;, = n; Y ooed & T o]
VR VR

P P

X = vpd g Y—)VLE

(CPT)H(CPT)'=H, (CPT)B(CPT)!=-B.

In thermal equilibrium, 5y _ 1, =1 ]

(B) = Tr

—
-

(CPT)e PHB(CPT)™!

- T :e—f’” (CPT)B(CPT)*: — _(B).



Baryogenesis

* The SM satisfies all the three conditions

— B: violated by the anomaly -> very small, but can be large at finite T
(sphaleron)

— C: maximally violated, CP: violated by a complex phase in the CKM matrix of
quark mixing

— out of thermal equilibrium: electroweak phase transition
*But the CP violation in the SM is too small

* The strong first order phase transition needed to explain the current
baryon asymmetry requires Higgs mass < 40 GeV

* We need new physics beyond the SM with new sources of CPV



We can estimate the magnitude of the baryon asymmetry
of the Universe caused by KM CP violation

® The Jarlskog parameter J is a parametrization invariant
measure of CP violation in the quark sector: J ~ O(10™)
® The mass scale M can be taken to be the electroweak
scale O(100 GeV)

® This gives an asymmetry O(107"):

much much below the observed value of O(107'°)



New Physics in Flavor

* No signal of new physics in B-decays
- Why bother?
* Can probe NP scale much higher than LHC

 New physics in other sector may also affect quark sector: B-
physics can give strong constraint

- Precision measurements at LHC and Belle 2

* There can be interplay between flavor physics and other
sector, e.g., dark matter



Supersymmetry

Standard particles
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Supersymmetry

- Solves gauge hierarchy problem
- Gauge coupling unification
* Provides dark matter candidate

- Radiative electroweak symmetry breaking



Quantum correction to mf, my

— A —
Lo =B 0,0+ 9,6 12 =y | 6 [ = (5006 + b

In the mi—0, the Lagrangian in invariant under the chiral transf.

v — ety
0
Yr — e"Riynp,

The Yukawa int. breaks this sym. and the correction should be
proportional fo mr. Fermion masses are natural.



Quantum correction to mf, my

- Similarly, the gauge boson masses are protected by gauge
symmeiry.

- Gauge boson masses are natural.



Gauge hierarchy problem

_ A —
Lo = B0+ | 0,0 2 —m | & 2 (006 +he.
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Correction to scalar mass is quadratic divergent. Fine tuning
is required to explain the observed Higgs mass. —Unnatural.



Supersymmetry

Solves gauge hierarchy problem
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Fermion and boson contributions have different sign.



Supersymmetry

- If As =A%, (true in SUSY) the quadratic divergences cancel
each other.

)Y A A 1
2 _ F 2 2
(5Mh)tot = m{msl log(mSI) — Mmp l()g(m_F)} +O<F)

* For small fermion and scalar mass difference, m?* = mj, —m?

2 Ao oo
(OM})tor = W(S

* The scalar masses become natural for small mass difference.



Supersymmetry

- Suggests gauge coupling unification: supports GUT
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MSSM

Table 1.1: Particle Contents of MSSM: Weak Eigenstates

Spin-0 Spin-1/2 Spin-1 Color I3 Y | B | L
5. — (UL — [ YL 1 1] 41
QL—(dL) QL—(dL) :j t3 |+ | t3| O
Up (u)L 3 0 [-2|-1|o0
’;z (d)L 3 0 |[+3|-3]0
T '17 . 174 1 _.].:
LL_(gL) L = CL) 1 +3 5 0
€n (€e°)L 1 0 +1 | 0
g g 8 0 0 0
W W+ +1
wo WO 1 0 0
W W~ -1
B B 1 0 0
HO N 0 41
H; = ( i ) Hy,=| Y% 1 —2
H, Hyp _g 2
Hy 7 H;, +3 1
= (g ) | o= i3, Nk

Higgs sector: Type Il two Higgs doublet model.




Supersymmetric Lagrangian

- Write superpotential with d<4

W = Z kz¢z + — Z mzjqbzd)] -+ — Z gz]k¢z¢]¢ka

holomorphic function:

zgk no (I) )
- SUSY Lagrangian is given by
Lsusy = —iF““"F“ + 2 X4DX’ + (DH6)!(DH6) + BiDy
O2W
— 2( - agbia(bj’q/)iwj-*—h.(})
jk
. “\arma 1 aa
+ivV2g(* AT %) + h.c) — §za:D D®, (1.133)

where the D-term D® = —g Zw ¢;1T%¢;, and the covariant derivative D,

171

representation (7§ )ap = —if°® for the adjoint representation.

Superpartners: (¢, 1)), (A, A)
N

= 0 + igA*T*?. Use also the



MSSM superpotential

W = uCYuQHu -T- dchQHd +e“Y.LH; + wH ., Hg,
eg) QH, = €VQ'H! — "UUM'Q"H! = det(U)e" Q" H,
No SUSY particle has been found—SUSY must be broken

SUSY breaking soft terms

1

5 (M3
, | 2 ~ 27 Tt as27. L ot ag2>

+ ’7711 \Ilul +m”d|lld| +qL M= Rl +“1{ M2 up+d \I‘(IR+IL3\'II"1L+f—1{4"lg"71?

M33¢g¢ + M, WeWe + M BB)

vsuf g, =

+ ALAyQH, — JTRAUQH,I—C,RAbQHdHI.c

+ BuH,H;+ H.c,
When mass parameters—0, SUSY

is recovered. Scalar masses become
natural.

where q qL \Iéq[ = qu (\13) QLaj-



MSSM mass (squark)

F-term contribution

W = —u(HYHD — H; H) + Y iy, (G, H — dp; HY)
+Y ) dp(ar; Hy; — dpHY) + Y&y, (i H; — ér; HY)

oW

— — Hgyab ~ bx aW 2
oug Ve —
oW Eo= Z Db,

_ HO,&aYab : 1

ow 0 b~b = |H3|%a OTY Ypup + |H8|2ﬂOTY§Ygﬂ%
o = —HHY HarYyug,
OH} —p*HY* ~OTYU a4y — pHYG tYUuR,

@y = vl

@ = VU (Super-CKM basis)

Vi = '&,Rm?j'&R -1- uEmUuL — pcot B '&EmU'&R — ,u* cot B ﬂTRmu’&L,




MSSM mass (squark)

D-term contribution

U(l) : D' =g (yolQ — yultir|® — yaldr|* + yr|L|* — ve|er|* + yu, | Hul|* + yu, | Hal*)

]' * e
SU(2) : D*= 2(Qz zJQ;, Lz'r,f;L + Hjy 78 Hy, + Hy 78Hy,)

1 a\2
— g'2 2 N2 ~ 12 J 2 Z-z o~ 12
o ( _7)(1)(?/Q|Q| — yu|ur|® — yaldr|* + yr|L|* — yeler|*)
qz
g(vu T Ud)(lcc)l T |L| )
2
(
+Jz( 2|dL|2+Ud|uL|2+112|(L| +vd|uL|2)
=l (v — V%) (5 — Qusw)|ur|® + Qusw’|ug|® + (—2 — Qusw?)|d|* + Qusw?|dR)|

1 . 1 - ~
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MSSM mass (squark)

- In terms of (U, UR) (SuperCKM basis)

12 VLUM%VIEJJr + mg; +m% cos 23 gy~ —pumy cot B + VLUA"(‘]VgTvg/\/é
: —p*my cot B + V}{A?}V,f”vg/\/i ng%\/fgf + m#; + m% cos 23 gSLC)L

 6x6 mass matrix: LL, LR (RL), RR 3x3 submatrices
* In general, sizes of off-diagonal terms in LL, LR, RL matrices are of
the same order with the diagonal terms. When squarks couple to

gluino, these lead to SUSY flavor problem.

* Many complex phases (SUSY CP problem)



MSSM mass (squark, sneutrino, slepton)

Similarly,
V£M2V£T+m%+m220082ﬁ g{i,L —pmp tan 8 + VP ’bVé)Tvl/\/ﬁ
M2 = Q
d ( —p*mp tan S + VRDAEVI?T’UI/\/i V}{m%VgT +m%, + m?% cos 283 gyc)L )
2 = VEMAVT +m%cos2B giF
2 ( VEM%VLET-FTI’L%-FTTLQZCOSQB 9% —pmptanB+ VF }‘;Vgtvl/\/ﬁ )
© —p*mptan B + VEAZV T, /2 nggV}ff + m?%, + m% cos 23 ggfc)”

with g{/ = (T:{)L — sin? 6,,Q7.



MSSM mass (chargino)

B,o~0 = ~0 ~ ~ .~
L, = 5(H?LJLISL +HY HY;, — H;H}, — H},H;) + h.c (+ F — term)
1 1
+§M1)‘B/\B + §M2/\a/\a + h.c (+ soft — term)
( x \Q_a 17 ¥ \a_a 17 : * N
+%(Hli)‘ Tinle + Hy A Tin2Lj) + h.c («+ Z\/ig(qb A — Ao))
i , * T * Iy . * N
+%(_H1i)\BH1Lz‘ + H3ApHop) + hee  (+ iv2g(8* M — X))
L+ = pH Hf, — MpA™ AT — %vlflfb)\+ - %U2A—ﬁ;L + h.c

~ M 2 51 —iAT
~ (- By 2 Vamwsing ) (-t
vV 2myy cos 3 7 H2+L

e

Gaugino-Higgsino mixing after EW sym. br.



MSSM mass (neutralino)

—IARB
1 | a3 =0 o —i\3
770
H2L
M 0 —MZSwC3 MZSwSg \
M — 0 M2 mzCyCp —MmzCySp
N —Mz8wCB  MZCwCA 0 —




MSSM interaction

| See Dreiner, et.al, 0812.1594 for 2 comp. spinor
iV29¢* M) + h.c

= iV20,Q N TEQ + V29U g AN (—T5) (u) TF +iv2gsd g X (—T5) (d°)F + h.c

L _V29,Q1FT PLQ + V2g5uRuPLT G + V29sdpdPLT G + h.c.
4—comp V29,0150 PLQ + ﬁgsﬂ}g@T"‘P u+ V2g4d! dg*T* Prd + h.c.
SCEM 29,67 2Q T PLQ + /29,63 24! »3°T* Pru + fg.ge’¢3/2$Rf§_aT“PRd+h.c.
= V29, Y (@51 Pra - 3" T Pr q) + hec,
q=u,
P’ = VZ2'Pq Lt = —V2g5u1goT®(e~93/2T% P, — 93/2T% P
Pre® = Vg'Pgg V2, d G T (e %3/2T4 Py, — €193/2T, PR)d.

~0
q L
o ot~ oot~ Mixing in the squark generates
qp = VR'dr=Vg'T'i'q,
gluino mediated FCNC.



In the flavor eigenstates,

In the mass eigenstates,

MSSM interaction

* chargino-quark-squark

1nt(Xiff)
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R-parity conservation

The SM accidentally preserves baryon number and therefore the proton is stable.
(Actually U (1) B+, is anomalous and L number is violated if the neutrinos are Majorana
fermions, but such effects are important only at high temperature) — BARYOGENESIS ?

In a supersymmetric model we can have additional renormalizable couplings that do violate explicitely

baryon and lepton number. W = )\LLEC+/\,LQDC+/\”UCDCDC+/,LZL2H2

1
i u>M\ABm/\»<uc O(Hg‘

70 b
[ U - u}

To avoid fast proton decay, impose a discrete symmetry called R-parity, which forbids these terms:

= Dimension 4 proton decay operators

QL,'U,R,dR,lL,eR,_(/.Ar.Z.H-t.H,,.H_,/ . +QL,’U,R,dR,lL,eR,.(].A-.Z.H':.H,,.H,/

ir. in.dr . eny .54, Z,WE Hy Hy — —qr.in.dp.l.ér,G,% Z,W*, H,, Hy
So couplings only involve pairs of superpartners and therefore the supersymmetric particles
can only be produced or destroyed in pairs ! = The Lightest Susy Particle is stable !




MSSM interaction

HY, H? H?
I
\J
|
tL/'/.\\tTR Z{I R tI{ tL \‘\t\}z
(b) (c)

Figure 5.1: The top-quark Yukawa coupling (a) and its “supersymmetrizations” (b), (c), all of
strength ;.
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Figure 5.3: Couplings of the gluino, wino, and bino to MSSM (scalar, fermion) pairs.



MSSM interaction
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Figure 5.2: Some of the (scalar)* interactions with strength proportional to 7.



MSSM searches at collider

@ R-parity, for each particle is defined as

Pr = (_1)3(B—L)+2s (1)

@ Here R-parity is conserved.
=> super-particles appear in pairs in each vertices
Involving super-particles.

@ LSP(Lightest supersymmetric particle) can not decay.
q

e 0

Xi N«
~ h

@ L7 candidate at the colliders.



MSSM RGE

Coupling constants are not “constants’™ .
They run as energy changes.

Gauge couplings: ¢ = 16% log @

a3
dtqa bagaa
where b, = (% 1, —3).
be = 11(' G) ( C( ! C(¢
a—_?Q( + 3 Ca( Z )+§§/(¢
SUB)c SU2)L U(l)y
C2(Adjoint) 3 2 0
Co(Fundamental) 3 : Y?
C'(Fundamental) ) : Y?



Supersymmetry

- Gauge coupling unification

70 — T T T T 70 T T T T T T
60 Standard Model _ 60
50 - S50
S 40 41 8 40f
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20 - 20
10 - 10}

0 L 0 L
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RGEs for gaugino mass parameters, mu-term, and Yukawa couplings.

Gaugino masses:

d
—M, = 2byg>M,.

dt
Superpotential parameters:

d 1 T T 2 3 2

E'M = U Tr(3YuYu -+ 3Yde -+ YeYe) — 395 — ggl )
d ( 16 13
EY"’ = Y, 3Tr(YuYL) + BYLYU + Y:;Yd - ?gé? - 39% - Bgf}a
d ( i i T ’r 162 52 7 2
o Ya = Ya Tr@YaY;+ YY) +3Y Yo+ Y, Yu— —g5 — 39 — 1201
d ( J
aY6 = Y,! TI‘(3YdY; + YeYD + 3YlYe - 39% - gg%}




Soft-breaking trilinear scalar couplings:

1 1
—A, = Au{3Tr(YuYL) +5Y1Y, + Y“;Yd — 36-93 ~ 393 — l: gl}
32 ,

+Yu{ 6Tr(A,Y]) +4YIA, +2YTA, + 3

26
g3 M3 + 695 M + lrngl},

16 5 7
—Ay = Ad{Tl‘(3YdYL +Y.Y])+ 5YZsz +YlY, - 393 395 — 9%}

32 14
+Yd{TI‘(6AdY2; + 2A3YD + 4Y:;Ad + 2YLAu + ggr;M'; + Gg%Mz + 1591 Ml}

|
&
[

Ac{'n(3YdY,§ +Y. Y)+5Y!Y, 392 — gg‘f’}
18 .,
Yc{Tr(GAdYL 4+ 2A.Y)) +4YIA, + 692 My + — =i Ml}

Scalar (mass)? of the type b¥:

°B = B{m3YuYI, +3Y Y]+ Y. Y]) - 363 - ggf}

6
+/z{’h‘(6AuY:’, +6A.Y! +2A. Y1) + 692 M> + - g2 M, }



Scalar (mass)? terms of the (mZ)f type: it is convenient to define the quantities

Then

S = m'f,u—m%,d+'I‘r[m%—2mﬁ+m§—m%+mg].

+YimlY, +AlA,]

3
~6g3|Mal? — SIMI[? + 2425,

6Tr((m};, + md)YLY,

Tr [G(m';’,d +m2)YhY, + 6Yim2y, + 2(m§, +m2)Y!Y, +2Y/m?Y,

3
+6ATA, + 2A1Ae] — 6g2|M|? — —g1 M - Sgts,

(md +2m%, )YLY, + (md + 2m}, )Y Yo+ YL Y, + Y Y4m) + 2YimlY,
+2Y m3Y, +2ATA, + 2Af 1A,

|32
3 931 Ms|” — 63| M3|* — 591 ZMy |2 + 918

(2m2 + 4m}, )Y, Y] +4Y,m)Y] +2Y, Yim? + 4A,A]

32 62| Ms? — 32 g0 2 4 9
(2md +4m ,,d)Yde + 4YdmzY* +2Y Y m? 4+ 4A,4A]
32,

93|MS|2 - —9 2|1My 2 + ‘915
(m] +2m% )Y!Y. +2Y/m?Y, + Y]Y.m] +2AlA,
—6g3| Ma|* — -91|M1|2 - -915

(2m? + 4m}; )Y Y +4Yem} Y] +2Y . YIm? + 4A Al

24 6
9?|M1|2 ) = 9%5
66
—giS.
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Counting # of MSSM parameters

How many free physical parameters (including phases) in the MSSM Lagrangian?

e Gauge sector

Parameter (Re,Jm) Symm Phys. (Re,Im)
Gauge couplings  (3,0) (3,0)
Gaugino masses (3,3) U(1l)gr (3,2)

e Higgs sector

Parameter (Re,Jm) Symm Phys. (Re,Im)
MMy, (2,0) (2,0)
wB  2x(L1) Ulpg  (21)

e Flavor sector

Parameter (Re,Jm) Symm Phys. (Re,Im)
3 Yukawa, 3 trilinear 6 x (9,9) [U(3)4]° (39,26)*
5 scalar mass matrices 5 x (6, 3) (30,15)

*=6x(9,9) — 5 x (3,6) + (0,2)(B, L) = (39,26)

e Real parameters =6 + 4 + 69 = 79
Phases =2 + 1 + 41 + 1(0gcp) = 45
= MSSM-124



MSSM parameters

mSUGRA ELW <«— RGE GUT

SUSY is broken by gravity
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Supersymmetry Flavor-blind MSSM
breaking origin M \V/\V/\V/\/\J

: D arcadt ns (Visible sector)
(Hidden sector) s

. .
» . .
. .
. .
- ~ . - ]
\ o . !
; “ . . |
. . . |
. a N
\ . .
" . .
-“l‘ — - ———-a S S— - LS B L=
. . . |
- . . -
e ‘s s »
. - - “iw
. -

Ts TN
T 4 T~
. "o M 5 B,
MM - . - _— + "..’.\_.  ama —
. R L = mj
e, —
I ....'A— e .. 1 o
. e —— - e
N A s o e A ey o | . W
NI W 323 ] e e e
N el ST U e i, s g [
H | ——— I Bt B o my,
e S — “ime
100 —Bino=—" i
0 1 |
} ( 8 10 14 1t
¥
log,, Q

Assume universal masses at GUT scale:

my —common mass of scalars (squarks, sleptons, Higgs bosons)
my;, — common mass of gauginos and higgsinos

Ao — common trilinear coupling

tan 8 — ratio of Higgs vacuum expectation values

signu = +1 — sign of u SUSY conserving Higgsino mass parameter



Radiative EW sym. br.

*Why isp® <0 ? Lyl = Dud Do — pieTo — Ay(9'9)"

Higgs

- SUSY provides an answer. M? = m + i
INncreases

d M; T 8y 0
dlog(Q) . - 3 Mg | 1
og MC%% " 1

)\2 3

+ M 2, + M7 + M + A%
82 b
1
decreases

* Gaugino interactions increase the masses. Yukawa interactions
decrease the masses.

* Higgs mass becomes negative at EW scale!!



MSSM parameters

Off-diagonal components are generated by RGE even starting with flavor
diagonal universal b.c. at high energy scale as in the case of mSUGRA.

d . 1 1
(EA“ = AU{B'H(YHYI,) +5YY, + Y! aYd— 769; 395 — 1:}91}
T T (32 26
+Y < 6Tr(A,Y,,) +4Y A, +2Y Ay + 3 — g3 M3 + 695 Mo + l_ql M,
d
g = (g +2miy )Y Yy + (md + 2myy, ) YiYa+ [YIYy + YiYam) + 2YIm]Y,

+2Y m2Y, +2AT A, +2ATA,
- 32

_ 2
2 — 5| M3|* — 6g3| M| — 1—91|Ml|2 - 013



gluino-mediated FCNC

* In the mass basis, the flavor change and CPV occurs at the
vertex: SUSY flavor/CP problem

- Approximately, we can think gluino vertex preserves flavor, but
the flavor change and CPV occurs at the propagator (mass
insertion approximation)
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