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Introduction

Supersymmetry (SUSY): boson < fermion symmetry.

0 ono:

e Miyazawa ('66): baryons & mesons € supermultiplet.
e Volkov & Akulov ('72): supertranslation (nonlinear realization).
Beyond the Standard Model OO 00O SUSY:

e Wess & Zumino ('74): renormalizable quantum field theory (4-dim.
N=1)

O 0O 0O " realistic” model building O [

Minimal Supersymmetric Standard Model (MSSM) 0000000000
Ooddon
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Introduction

susyoooooogoo:
o IO OULOULOUOLD = 0000

o 11O OOMNON
> Local SUSY = supergravity: 00000
x SUSY algebra D spacetime translation (Poincaré group)
= local SUSY transformation D 000000
> MSSM — GUTOOOOOOO

e (000)DOOOOODOMO
> Electroweak scale (~ 100 GeV) < Planck (GUT) scale (~ 10167192 GeVv)
« ‘00”000 oUuuobooogooion
00t 1 —-=000000
- 000 1/2 - 0000000
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Introduction

Hierarchy problem in SM
e Higgs boson mass U000 0O0 — OOO0O

m3 = m "2 4 5m? = 0((100GeV)?)

2 ‘ | 2
5mh ~ ~ N (/\ ~ MPIanck)

ool

Supersymmetry stabilizes the hierarchy.

bmp ~ | + he -~ log A2
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Introduction

000000 00Ominimal supergravity model (MSUGRA) 0000000
OJo00oooo tHC Oooooooooooo

Joggg

e Minimal Supersymmetric Standard Model
e Minimal Supergravity scenario

e Constraints from LHC

e Constraints from flavor physics
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Minimal Supersymmetric Standard Model (MSSM)

The Standard Model:
e SU(3) x SU(2) x U(1) gauge theory.
e 3 families of quarks/leptons (chiral fermions).
e 1 Higgs doublet (complex scalars).
e 19 (49) parameters.

> as, ¢ GF; mZ! m’U,,C,tr md’s,bv me,,u,T; mhv VCKM(Av Ar ﬁv ﬁ)v QQCD
> my177/27y3’ UMNS
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MSSM: field contents

Joodoogoobood superpartners U0 OO

e SU(3) x SU(2) x U(1) gauge fields: g,, Wy, By
—> vector supermultiplets (g, §), (Wy, W), (B, B)

~

> g, W, B: Majorana fermions (gauginos).
[ Quarks, leptons: qr,, (uR)C, (dR)C, KL, (GR)C
—> (left-handed) chiral supermultiplets

Q (QLa qLN)r (]NC((U’R)Ca ﬂR)r DC((dR)C7 JE)! L(ELa ZL)f Ec((eR)Ca g}%)
> qr, Wp, dp, {1, €p: complax scalars (squarks, sleptons).
> 003000

e Higgs doublet H
—> (left-handed) chiral supermultiplets Hq (hy, h1), Ho (ho, ho)
> hi, ho: chiral fermions (higgsinos)
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MSSM: field contents

Chiral supermultiplets (SU(3), SU(2), U(1)):
Qz(?’a 27 %)7 U@C(§7 ]-7 _%>7 Df(ga ]-7 %)7 LZ(17 27 _%)7
E@C(]-7 17 1)7 H1(17 27 _%)7 H2(17 27 %)
i=1,2 3

Higgs doublets O 2000 O
e OO 0OOOODOOOODOOO

e Gauge anomaly cancellation
> El O ¢, D000 O00O000o0ooooboOdd gauge anomaly 000
O0Oh, O0ODOO
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MSSM: field contents

Do0o0o00 (GUT) ODoooooo
e GUT OO
> Qe = —Qp

> g3 > g2 > g1
0o odgot

O000@O0O0, 29 September 2012
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MSSM: interactions
OO0o0odoogono

SUSY gauge interactions

g g > 2 g
f‘?f - % ------ © Spﬁgp O ,5‘,7.\.\ ..... o P §‘f
Q- N

Superpotential (Yukawa couplings & “u'"): holomorphic

Wmssm = €ap |(Ye)i HYLYES 4+ (YD) HQYDS + (Y1) H3QIUS — nH{H3| |

e SUSY: scalar 00O chirality. = hl O h, 000DOD

s
1 Pomm e ;
© © N ©
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MSSM: R-parity
Gauge invariance 00 00O
1 arbrc / ab ne arrb 1 /! C NC NC
Wrpv = €ap | SAijk L LBy & Ajjpli @Dy — kil Ha | 4 S U DDy,
ODO000booooooobnoooboboobnodl ==000000000

R-parity

e Even: SM particles

e Odd: SUSY particles (g, W, B, 41 r, L Rr, hi)
000 (I; 0 Hy OOOOODOOOooO)Oo

—> Lightest R-odd particle (Lightest SUSY Particle, LSP) O00ODOO
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MSSM: SUSY breaking

D000ooooooonogd soft SUSY breaking terms 00000000 d

e Gaugino masses

1
Le = M1BB + MyWAWA 4+ Mag* g~ | 4+ H.c.
e Scalar masses
Voo = Gipa(mg)idi + Gra(m?)it

+i;p(m3)ijuig + dig(m3);dsg + &r(m2) ;€5 R

+miy highd + mi,hh.hs — [m3ehih + H.c.],
e Trilinear scalar couplings (holomorphic)

Va = e |(Tp)ih{8Lein + (Tp)ihidpdip + (Tr)ih5auip| |

Soft =200000000 (Girardello & Grisaru, '82)0
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MSSM: SUSY breaking

SUSY breaking mechanism OO0 OO0OQ0OO0O0OO0O

e 105 new parameters. “MSSM-124"
> Standard Model OO OOOO 1900
> 00 (970 )0 squark/slepton mass matrices (SUSY breaking)
= flavor/CPV sector.

—> 0ooooooo

MSSM 4+ “SUSY breaking parameters DO QOO0O" OO0O0O0OOOOO
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Flavor mixing in the MSSM
e quark 00000 <« Electroweak gauge symmetry breaking ((h)),
e SQuark OO OO0 «= EW symmetry breaking & SUSY breaking.
quark O squark D000 doouodooouodon

(Vexm)ij

dr,; > - UL d;

\ 4
:
|
|
Y
|
|
|
|
|
&

W W
e SQUark D IOOOD CKM UOUUOOOODOOOOOoOoooooooon

e SUSY breaking 000000 (universality, etc.) DO0OO0OO0OO0O0O0O0O
ODoo0doooddn
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SUSY Flavor “Problem”

SUSY breaking OO DOOO0O0O0O0O0O0O0OO0O0O0O0OOOO(ENs & Nanopoulos,
'82)
e J0DDDD: KO—K° OO (00 ex)
> squark mixing ~ quark mixing (CKM) 000

d e s
K% W5 W (K
3 eemee- P
q2 a
< 0(10 GeV ™ ~.
m(SUSY)2< m(q)2 ) ( )
> m(SUSY) ~ 100 GeV [0 A&"—g < 0(10~3)0
> Am@? 1 00 m(SUSY) > 0(100 TeV)D

m(q)?
e Lepton sector U u—ey UUOOOOOOOOMN

O000eO0O0, 29 September 2012 15



SUSY breaking scenarios: minimal supergravity

Spontaneous breaking of global SUSY O0O0OO

e Vacuum energy > 0 = huge cosmological constant?
> H = QTQ (Q: supercharge) = Q|0) # 0 < (0|H|0) > 0.
e Massless Nambu-Goldstone fermion (goldstino).
e Supertrace relation (tree level): Y m?2(boson) — m?2(fermion) = 0.

—> Local SUSY = supergravity (SUGRA) 0000
e Supertrace relation O loop OO DOO0O0O0OO (gauge mediation O)0O
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Minimal supergravity

Matter coupled supergravity (Cremmer, Julia, Scherk et al., '79)
@ gauge (Cremmer, Ferrara, Girardello & van Proeyen, '83)

Lagrangian O
e Kahler potential K(p, ¢*),
e superpotential W (yp),
e gauge kinetic function f (),

Jooooomn
Lyin = KloFoioup! — % Re fup(@) FHED, + -+ -,
vV = ¢ [Gi(G_l)ng — 3} + (gauge), G = K+ log |W|2,
i A ahk
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Minimal supergravity

e Spontaneous SUSY breaking with vanishing cosmological constant.
> Supersymmetric cosmological term <0 (“—=3" in V).
— cancels positive contributions due to SUSY breaking.

* Fine-tuning 00000000000 OO00OO0OOO0O

e Super-Higgs mechanism: goldstino eaten by gravitino.
> Supergravity multiplet: graviton (spin 2) & gravitino (spin 3/2):
gauge field of local supersymmetry.
x SUSY unbroken — massless gravitino, helicity £3/2 only.
*+ SUSY broken — massive gravitino mg 5, helicity £3/2 & +1/2.
helicity +1/2 components <« goldstino.

x Massless goldstino disappear.
e > m?2(boson) — 3" m2(fermion) o m%/z > 0.
> Realistic mass spectrum m(squark) > m(quark) possible.
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Minimal supergravity
(Barbieri, Ferrara & Savoy, '82)

Field contents: ‘“visible” sector (MSSM, ¢) and “hidden” sector (z)
e Simplest Kaler potential: K = ¢f¢' — Kg = 5{
o W = Whiq(2) + Wyis(¢).
e SUSY breaking occurs in the “hidden’” sector.
} flat limit (Mpjanck — oo with mg), fixed)
e Lagrangian for the *“visible" sector: softly broken (global) SUSY
with:
> universal scalar mass mg = mg /5.
x degenerate squarks — flavor problem resolved.
> universal trilinear coupling Ty p p = AoYy.p.E X ms/o.
> minimal gauge kinetic function (f,, = 6,,) 00 gaugino mass [

000 (tree level)O
x loop correction, or nonminimal f.
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Electroweak symmetry breaking (EWSB)

Higgs potential (neutral component)

Vi — 2k 2 21012 — (12h b 4+ H 9%"‘9§h2_h22
Higgs = m3 [h1[> 4+ m3 |ho|® — (m3hiho + H.c.) + "L 222 (|ha | — hof?)

mi = |[pP4+my,  i=1,2

e Quartic coupling <= SUSY gauge interaction.
> Flat direction |h1| = |hsy|.
e EWSB conditions:

2
m%m%—‘m%‘ <0, m%—l—m%—Q‘m%‘ > 0.
92
(h1) = v COS f3, (ho) = vsin g, m%/ = 521)2.

2 .2 —,.,2
> m%, =m% =m§ 00000000
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Radiative electroweak symmetry breaking

0000 = Lagrangian DUO0O0O0OO0O0O0OD0OOCOO0O00O0O0OO running pa-
rameters.

e “Universal” soft SUSY breaking (+ SUGRA): PlanckO O OO (GUT
ODO000)ooood

e 0DDOODDDOOEWDDOODDO (O(100)GeV —0O(1) TeV) 00O

—> Top Yukawa coupling 0000 OO0 Alvarez-Gaumé, Polchinski &
Wise, '83, Inoue, Kakuto & Takeshita, '84[1]

RGEs (3rd gen.):

d 32
(4702#@7”52 = 2y7 (md +mi +mf,) - S 3IMa[2 4
'ud,umU — “Y (mQ my mHQ) 393| 3| 7
d
(47T)Q,u@m%[2 — 6yt2 (mé + m%] + m%b) 4
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RG running of sparticle masses

600 -
s 400 -
L
2 B
&
8 e
: =
al
E 200 —
m e
-
j | i
'
n -
B ]
- Hu-
_EDD z 1 L L I I 1 I
E = i6
Log,,(Q/GeV)

e O(100)Gev 0D0DOOO0 m3 <0 —> EWSB.

:> considered as a realistic scenario.
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(K.A. Olive, '08)
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MSUGRA scenario
e MSSM with R-parity.

e SUGRA-induced (gravity-mediated) SUSY breaking.
> SUSY breaking parameters at GUT scale:
*x universal scalar mass mg,
x universal trilinear coupling Ap.
= flavor problem under control.
x universal (unified) gaugino mass my /o,
> EW scale input parameters: tan g = (ho) / (h1), sgn(u).

e Radiative EWSB.
Ododogs8oudooonodooogn

Jguoodgtd: oottt

e Loop correction to Higgs boson mass (1-loop: Okada, Yamaguchi
& Yanagida, '91) — 2-loop.
e 2-loop RGE (Jack, Jones, Martin, Vaughn & Yamada, '94).
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MSSM particles
e R-even
> Quarks: w, ¢, t; d, s, b.
> Leptons: e, u, 7, ve, vu, vr.
> Gauge bosons: g, W=*, Z, ~.
> Higgs bosons: KO, HO, A0 H* (< 2-Higgs doublet model).
e R-odd
> Squarks: 4y, g, ¢, ¢p, tr, tp; dr, dp, dr, dp, bz, bp.
> Sleptons: ey, €r, B, BRy TL» TRi VeLs VulLs VrL-
x JO00O0O0O0OLeft-Right D OOO0O0OO
> Gluino: g.
> Chargino = mixture of charged gauginos & higgsinos: if X%
(Dirac).
> Neutralino = mixture of neutral gauginos & higgsinos: X%, X5,
X3, X3 (Majorana).
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MSSM particles
LSP: stable, neutral. —> Lightest neutralino or sneutrino.

MSUGRA O00Om(r) > m(7) 000000 (RG running @ Left-Right
mixing)O

—> 00000 neutralino LSP Y.
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Constraints from LHC

CERN Large Hadron Collider: proton-proton collider at
Vs =7TeV (2010-2011), /s =8TeV (2012).

Experiments:

e SUSY /Higgs search: ATLAS, CMS.
e B physics: LHCDb.

O000@O0O0, 29 September 2012
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SUSY search at ATLAS & CMS
Main target: colored SUSY particles = squark ¢, gluino g.

Production: gqg —+q¢g, 99 = qq*, g9 — gg.
e R-parity — sparticles are produced in pairs.
Decay: ¢ — qx5, § — qq X3
e LSP (lightest neutralino x¢) 000000 => missing momentum.
> Missing transverse energy (Fr) 0000

e high-energy quark — hadronic “jet"”.

Typical signal: excess in jets + Fr 4+ 0 lepton (u or e).
e ¥ 2200GeV 0DODOOO
No excess found.
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SUSY search at ATLAS & CMS

MSUGRA interpretation: m(g) > 1 TeV, m(q) > 1.5 TeV.
MSUGRA/CMSSM: tan = 10, A =0, 110
';' 800 :ﬁ [ I [ - A{. _l_ _| ! [ | | \l [ [ [ | |\ [ [ [ | |\ [ [ [ | \| | [ :
& 250 E ATLAS Preliminary- ——--deL-SSfb 1s=8 TeVl -
—_ red . e\ —
§ = \\ \‘\ 0- Igpton combmed ! =
E — \ s ! ]
700 e __\;\___ ____________ Observed I|m|t (*10,000) =
650 — N N \‘\ - - -~ Expected limit (+10,,,) -
- ? s ‘:; ‘-\\\ Observed limit (4.7 fb™, 7 TeV) :
— — -ﬁ\—— - Non-convergent RGE T
550 | =
500 = =
450 2 L2 IO E
E
400 — N N
350 : |
L : | | .
300 AR A T T NN T w s il sl S S SR I A M R
500 1000 1500 2000 2500 3000 3500
m, [GeV]
(ATLAS-CONF-2012-109)
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SUSY search at ATLAS & CMS

MSUGRA interpretation

CMS Preliminary L _ =4.98 fb",\s=7 TeV

| 800 | | | | | | | | | | | | | | | | | | | | | | |
% "y | | - | | 2 tan([3|)=10 n
0 S = = |A,=0Gev -
Rl 700 vJOO “,jo\ us>0 ]
g dets-+MHT ~ @) =150 ~|m=1732GeV|
£ 600 =
|:|LEP2 1" 7
500 TR . LEP2 5‘(11 —:
400 T2 m(g) = 1000 _:
300 N —— —
: On |
200 wE) = 500 1 Lepton 0&665 E
N Multi-Lepton ,oo““""ge \N‘:‘)6 ]
“0“ O :

1 OO | I B | L1 1 1

500 1000 1500 2000 2500 3000

m, [GeV]

(CMS, SUSY2012)
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SUSY search at ATLAS & CMS

MSUGRA interpretation: m(g) > 1TeV, m(q) > 1.5 TeV.

MSUGRA/CMSSM: tang = 10, A = 0, >0
| | _.' 7 _.'l | | | | | | | | | | | | | |
o)

W
o
o
(@)

= Observed limit (10

- - - Expected limit (+10,,,)

ATLAS

Preliminary - Theoretically excluded

squark mass [GeV]
o1
(@)
o

J' Ldt=581b" {s=8 TeV =,

N
o
o
o

O-lepton combined

......

.,
..,
.
Ya,
0
-------------
e,

1500

3,u<0

1000

DO, Run II, tanf

500

200 400 600 800 1000 1200 1400 1600 1800
gluino mass [GeV]

(ATLAS-CONF-2012-109)
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SUSY search at ATLAS & CMS

ATLAS SUSY Searches* - 95% CL Lower Limits (Status:  SUSY 2012)

" MSUGRA/CMSSM : O lep +J's +E ]
o MSUGRA/CMSSM : 1lep +js +E =g mass Ldt = (1.00 - 5.8) fot
e Pheno model : 0 lep +j's +Ey mass (m@<2Tev, light X' D ’ ’

o Pheno model : 0 lep +J's +E; e q mass m(g) <2 Tev, Ilghtx ) Is=7,8TeV
g
E
=

~ = I L || I I LI
T.miss g =g mass

T.miss ~q
g
Gluino med. ? (9- qu%) llep+js+E; . 9 mass M ) <200 GeV, me) = E(m(x Y+m (@)
GMSB : 2 lep (OS) +j's + ET miss g mass’ (tanf3 < 15) ATLAS
GMSB:1-21+0-1lep+js+E miss g mass (tan/} > 20) Preliminary
________________________________ GGM : we En g mass (ni)>50 Gev)
gﬁ bB';p virtualb) : 0 lep + 1/2 b-j's +Eq e g mass & )< 300 Gev)
% virtualb) : 0 lep + 3 b-j's +E; gmass (m() < 400 Gev)
(realb) : Olep + 3 bj's +Eq e g mass (m(x,) = 60 GeV)
g-»t?%(vnrtual f):1llep+1/2bjs +E; gmass Rpt 150 Gev)
(virtualt) : 2 lep (SS) +j's +E g mass (m(x )<3oo GeV)
tix (virtualt): 3lep +j's +E g mass (any m(x ) <m(g)
gatfgévmual t): 0 lep + multi-'s +E g mass (m(x ) <300 GeV)

T,miss

T,miss

3rd gen. squarks
gluino mediated

T,miss

- X (virtualt) : O lep + 3 b-j's +E; o g mass (m(x )< 50 GeV)
________________ gt g (realt) : Olep + 3 b's + Ex miss g nass M) = 60 Gev)
bb, bllbg’ p + 2-b-jets +E; 6 b mass (m(x )< 1so GeV)

£5 bb,blﬂt§ 3lep +j's +ET miss g mass (m(x) 2m(x 9

S35 _ t (very light), t~bx™ : 2 lep +E, . T mass m) = 45Gev)

&'{ 3 tt (I|ght) tok bx :1/2 Iep + b-jet + ET miss |E= 471", 7 TeV [CONF-2012:070] 1201731GeV t mass () = - 45 GeV)

S é 1t (heavy), t t t :0lep + b-jet + ET.mIsS L=4.71b", 7 TeV [1208.1447] 380-465 Gi t mass (m(x 270

g’ § tt (heavy), t-tx : 1lep + b-jet + Eq oo |L=47M" 7 Tev [CONF-2012073] 230-440 GeV | T mass M ) 0)

® T 1t (heavy), t-tX : 2 lep + b-jet + E miss [L747 10" 7 TeV [CONF-2012071] 208-305Gev | {mass m( RELN

tt (GMSBF)____Z__(i Il _f_t_)_]_e_t_ +E ] t mass (115 <m(x ) <230 GeV)

‘CS """""""""""" I-1%X :2lep +E; :::Z L=47 b, 7 Tev [CONF-2012-076] G3BOIGEVA | mass D=0

E = J)? Iv(llgs VX' :2lep +Eq e [L=47M% 7 TevCONF-2012-076] [iEeEEEed X mass & =0, m(l\'/:S =dmdt )+m()( 9))
XX -3l I(v)+V+2X ) : 3 lep + Eq e |L=t71" 7 Tev [cONF-201 mass & =mE), m&”) 0/ m{l5) as above)

- AMSB dlrect palr prod ) : long- Ilve&“;E mass (1<t()<10 ns)

<3 Stable g g R-hadrons : Full detector GV gmass

gv';; Stable t R-hadrons : Full detector t mass ~

Sa Metastable g R-hadrons : Pixel det. onl 0 gmass (t(g) > 10ns)
_______________________________________ GMSB : stable T mass (5 <tanp <20)

RPV : high-mass ep Q mass  (A;,0.10, A,,,=0.05)

> Bilinear RPV : 1lep +j's +Eq =g mass (r,g,<15mm)

14 BCLRPV:4lep +E; i g mass
.......... RPV %D ~ qqup + heavy €1J$P.|?.c.e.d.‘!?.r.t‘??(. . QMass (3.0x10° <\, < 15¢10° 1 mm < cr < 1 m, decoupled)

5 Hypercolour scalar gluons : 4 jets, M; =M, [L=46" 7Tev [ATLAS-CONF-20121 10]/100:287.GeV.| SgIUON MAsSS (incl. imit from 1110.2693)

£ Spin dep. WIMP interaction : monojet +ET.miss M* scale (m, < 100 GeV, vector DS, Dirac X)
.7 Spin indep. WIMP interaction : monojet +Er yq, M scale  (m, <100 GeV, tensor DY, Dirac x)

] L1 11111 ] [ ] L1111 ] L 11
10* 1 10
*Only a selection of the available mass limits on new states or phenomena shown. Mass scale [TeV]

All limits quoted are observed minus 10 theoretical signal cross section uncertainty.

(ATLAS, SUSY2012)

Ooooeuod, 29 September 2012



SUSY

CMS preliminary
T1: 5—qq%°
Tlbbbb: §—bby°
Tltttt: g—etx°
T2: §—q¢°
T2bb: b—b%°
T2tt: 1 —ey°
T3Ih: §—qq(xd =11 7°)
T3w: §—qq(x™ =W X°)
T5Inu: §* =1 vy’
T5zz: §—qq(X5 —2%°)
TChiSlepSlep: ¥5x* — vy’ °

TChiwz: ¥* x5 —-wzx’%’

m(mother)—m(LSP)

=200 GeV

" 2=025

z=0.50
x=0.75

m(LSP)=0 GeV

gluino

gluino

gluino

squark

sbottom

stop

gluino

gluino

gluino

gluino

—

chargino/neutralino

chargino/neutralino

7 TeV, < 4.98 th™!

200

400

Mass scales [GeV]

600

(CMS, SUSY2012)
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Higgs boson search at ATLAS & CMS
SM Higgs(-like) boson discovered: m(h) ~ 125 GeV.

susyouoooooooog?

e 10000 ODDO0O0ODDODODDDOODODOOOD
00000D000000000 (2012.3.19-23) 0000[000 PDF]
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http://www2.yukawa.kyoto-u.ac.jp/ws/2011/BSM2012/YITP_ws2012March_BSM/talks/SUSY_125_v2.pdf

MSSM Higgs boson masses

_ — 2 By |2 21012 _ (120 h H 9%+9§h2_h22
Vitiggs = m3 [ha|? 4+ m3 |ha|? — (m3hiho + H.c. ) + =222 (Jha]? — |hof?)

Vi
;}'ngs =0 = (h1)=wcosfB, (hy)=wsing.
i

Physical Higgs bosons: charged H*, pseudoscalar A9, scalar HO, KO,

Tree level mass relations:

2 .2 2 2 ., 2 2
Mo = mi +m3, My+ = miyo + mjy,

1 2
méo’ho = 5 {mio -+ m% + \/(mio + m%) — 4m1240m% cos? 25} :

mio < m% cos? 203.

e m 40 200GeV 00DO0ORY (0OD)D00 SM Higgs 00000000
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MSSM Higgs boson masses

Top Yukawa OO0 loop correction 0 OO (Okada, Yamaguchi & Yanagida,
'91)0

1-loop approximate formula:

3m4 M2 X7 X?

2 2 2 t S t

msg = m7, COS“ 2080 + O —|— 1 —

RO T T2 Pt 42,2 [ . M2 ( 12M§>

Mg = X;: Left-right mixing of t.

i1y
o LUUU 2-lcop UOOOOOOODOO

myo >myz UDOUOD:
e Heavy stop,
e Large stop left-right mixing (max: X;/Mg = v6),

myo ~ 125 GeV —> SUSY parameters 0000
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MSSM Higgs boson masses

MSUGRA, tan g = 20, Ag optimized.

800
— 700 stau
% LSP
O,
= 600
=
500
400 t

(Endo, Hamaguchi, Iwamoto, Nakayama & Yokozaki, '12)
B my0=125+1GeV.
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Constraints from flavor physics

Flavor Changing Neutral Current (FCNC) processes 0000000

MSUGRA (degenerate squark mass @& RG running) 00O 0O
Quark 000000 = squark DO0OO0O00OO

m m ~
T w1 S = m(a) 2 m(@) > m@)
myy myy
oKO—FODDDDDDDDDDDDD
e Squark DO O0DOOO0DOO ¢, 0~ VermO

e b UUUOUOUOOOOODO
> b— s7y
> Bs — ptu~
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b — sv in MSUGRA

e B(b— sv)exp = (3.55+0.24 4+ 0.09) x 10~% (Belle+Babar+CLEO, '10)
e B(b—sy)gm = (3.15+0.23) x 1074  (Misiak, '07, O(a2) O0)

_ . - _ o -
b S ] bﬂs )
+H ||+ o +[g]+ -
u,c,t ﬁZZ%Z%
Y ] i i i

e SM(W)+4+ H~ 0O squark-“ino” 0000000000 OCOOOOOOOO
00000000 (Higgsino mass g 0 gaugino mass mq o, DOODOD
00)0

e SUSY JJIOOOOODODODODO (W)DODOOOOOOODODOOOO
>b—sy 00000000000 O00O0000O (bg—sp) OO0

+ JO00000 m, OODODOOOOOOOOO0OO0

* squark-"ino” OO0 00O gaugino/higgsino 000000000000
OO0oo000n0
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b — sv in MSUGRA

12.0 T T T T T T T T T | T T T | T T T
MSUGRA i
tan 8= 30 i
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Abzzo

pu<O0
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B(b - sy) [1074]
(@))
o

|

SM

|

/
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o
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SUSY braking 0000000 0OOO0OOOOOODOOO
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b — s~ in MSUGRA

(Mahmoudi, '12)

CMSSM - tan =30, Aﬂ=D

2000

B — i

B AB - K up) low @

By — HH

B eRE K pp)lowd
- D=1V
[ ]B8->Xpphq

500 1000 1500 2000
m, , [GeV]

e [1[1: CMS exclusion limit with 4.4fb—! data.
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Bs — T p~ in mSUGRA
e B(Bs — puT pn )exp < 4.5 x 1072 at 95% C.L. (LHCD,
e B(Bs — ut n )gym = (3.58+0.36) x 1072
000000000000

e SUSY breaking U UUUOUOUOOOOOODODOOOOOO
> Bsysy > Bgyv WU UOOOOooboooaon

e B(Bs — um pu )sysy ;7 = tang<40 000000

ULy,
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Bs — pT p~ in mMSUGRA

tan =50 OO0 (Mahmoudi, '12)

CMSSM - tan =50, AD=D

2000+

By = i

B Ace(B - K pp)tow

By—pu

T N S e B eRE K pp)lowd
500 100 1500 2000 pgo.-+v
m,,, [GeV] B - Xyt 1, ha?

e 00 : LHCD limit for B(Bs — put ™)
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Conclusion
e SUSY 0O new physics 00O OO

e LHC SUSY search OO0 OO0 ooooOognO
> spectrum U U O :
m(g) > 1TeV, m(g) > 1.5 TeV.

e 125 GeV Higgs 0 MSSM 0000
e Bs »utp O largetang 00000000 DDOOO
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