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Current Status of SUSY models

SUSY Naturalness |0 years from now!?

higher DM IREZFE T Higgs mass N\ DR A
wino<3TeV much heavier 'fﬁ_l-% n > Gaugino D' TeV scale 785 | 55 Jess favored. H[F° SUSY U » 4

than o
Higgsino than 125GeV unification (& OK £ U stopping gluino RADDIR | W7
100TeV <2TeV Oh o SRRE

n . i
DM 2 Gaugino searches. High energy model (&

wino<3TeV [25GeV mAzh? Gaugino M TeV scale 7% 5 ) ) .- _
Higgsino in MSSM unification (& OK Cosmic ray! >2Tlbe RO
<2TeV NN YT S

|0-100TeV

%ﬁﬁ@ 1% CTEDEEN Wi kb 2 SUSY search T4 L

BoTWBHM7? DDOHISNTITL g-2 [ FRZERBAT
or low scale BIRAIIC L 10TeV scenario IC | BE !

Large A-term | mediation H\ Gl (=W

something

ERS) L
FU

AR
\5

Z 4%
£ 9 |& gluino I TeV %ﬁﬁ]’; Two-loop Z& A % stop ZBELTBED

Light Stop, LITTOEL stop & gluino (& ITeV XL stop direct production Tl fine-tuning [ E =,
. . somethin L ., |Model Dependent... . .
Higgsino search! g TTHRWE O(10)% METIFIFBH? g2 |3 F AR

Same Sign Muon ? FEELZS &5 |

_ . . #EIR Z £IR 9 % High
=N AN BEARKIC D GUT | ISR jet TILE TWIFZH?
LHC search = TeV AR TEDH N saugine I energy model (X(E & A

N . M4 AA ?
TDy\ something ||z 2 ;eulzon ISR ISR photon zz\? SN,
. . . \
51 7%) Mirage Mediation soft lepton : FRD—D ?

LHC TRE2oh Little Higgs &AM BP9 TEAGERLS
SRVWESIE | EEL ‘erle Higes Welcome!

\ AR DA E D | Dual Unification & DY 7? N
Ho & A 1 =
FDIAA s ething? ) SUSY Z#RR9 BB Z/ED o lT

FERRE 7 ZANHETLZHM?




squark

Current Status of SUSY models
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SUSY much heavier than 100 TeV (L 10 KD % split SUSY)

X 1C LSP-DM Z HAfF 9 5785 LSP (& TeV 7HIB (see next topic)
(DM search and Gaugino search @ LHC (FHRfSF CTE 5 ?)
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SUSY much heavier than 100 TeV (L 10 KD % split SUSY)

Stable gluino ?

Tgluino — 5 XIO-9 SE€C X ( mgluino/Te\/)5 X (IO4 TeV / msquark)4
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Theoretical Prediction
<<<<<<<<< gluino (NLO+NLL)
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|0-100TeV SUSY
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SUSY @ TeV

SUSY Search @ LHC

MSUGRA/CMSSM: tan = 10,A = 0, u>0
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SUSY @ TeV

SUSY Search @ LHC

Squark-gluino-neutralino model, m(¥’) = 0 GeV
MSUGRA/CMSSM: tang = S~ — . .
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471 fb"! Result! [updated May 24th]



SUSY @ TeV

SUSY Search @ LHC

Prospino2
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Naturalness D’V > XD KICTE 5.

Naturalness conditions
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Light Stop Model Building
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|. Stop mass? [CEZDECIRN D > T cancel & FHER(FZE Z 7R L)
( light stop tuning! )
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Light Stop | : anomalous U(1l) model (Nakano, Ozeki and Watanabe '99)

Anomalous U(l) symmetry

h . t
ex) charge assignmen Anomalous U(l) symmetry

U(|
> ) — Non-vanishing Fl-term
|
o) ] ¢ ~ O(1/10) x MpL
Q2 g
Vuay = g2 (82 - |02+ q Qi +..)?
Qs 0
motivated by unsuppressed y: Vsoft = Ma? |D|?

W =y <d>H,Q;T;
t <E - |P2> = mo?

1,2 HXIEIFELS EX S

Amq 22 = gz q m¢2

2 & gluino DY 1 TeV (TR BIEE D Gauge Mediation F &
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Light Stop 2 : Flavored Mediation

Gauged Flavor symmetry % {3 > /2 Gauge Mediation X%
Squark 725 1T U LY soft mass

GMSB by SM gauge. |, 2184 squark 72 (FE W |
< > 2 2
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Light Stop 3 : Split family

Craig, Dimopoulos, Gherghetta, 1203.0572

1,2 tH{AD GMSB

HyHe 10,,5,
GA GB
103,55 10,,5,
GMSB. by Gg gauge sym.
My o > M3
StopZBX < HED
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Light Stop 4 . Extra Dimension Larsen, Nomura & Roberts; cf. N.Okada & T.Yamada

SUSY bulk RS model + SUSY breaking @UV brane

S
S’

H,t [ZIR branefd;ih, A,
W/Z in the bulk (0

iUV branefhix >< “H

UV (M,) IR (TeV)

49 ASNS
a

3B IFERWL !

\ 8u<ea

SUSY br. @UV brane +gaugino med. (?)
Warped XD: high scale Asusy = low scale Acomp

Wi I BERETENT

(Finite threshold corrections...)



Light StOp 5: Strong Interaction (Fukushima Kitano,Yamaguchi | |, Csaki, Randall, Terning ‘12)
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TR
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< -

UvV (M, IR (TeV)

i

f41]) Csaki, Randall, Terning

SU(2)L as a Seiberg dual

o MBZDE N; HMEZ B &, HHEBRAMENFH<ES:

N¢ < %N fiN(. < Ny <3N, 3N, < Ny

B(a) B(a) B(a)
Ochi 0 / 0 .,4

IR TS | | IRTEHa—a. | | IRT free

Banks-Zaks FP

a(p) a(p) a(p)
o i IR attractive property of FP implies that
'_\ J any deviation from the FP is IR suppressed !
In @ In @ ill[,L e IR suppression of Squark/Slepton masses
1.5 2 i
m; () A

SU(4)€| —dual— Su(z)mag :"f*§j logmML




Light StOp 5: Strong Interaction (Fukushima Kitano,Yamaguchi | |, Csaki, Randall, Terning ‘12)

SU(4) 6-flavor model ( approximate conformal )

SU(4) | SU(6)y SU(6)2 U(l)y U(1)r
Q| O m 1 1 5
Q| O 1 O —1 :
SU(2)mag | SU(6)1 SU(6)2 U(l)y U(l)r
q O O 1 2 -
q O 1 ] —2 ;;
M 1 0 O 0 -
SUB3)x SU(2)e
«—> >
VU n ¢ SU(3)c
M=|E G+P ¢, |} su:s
R D4 S
SUB)e SU(2)e
> <>
SUQ)me 94— @3, z_la Hy
doublets = )(7 ’H7 H,
> >

SUB)x SU(2)e

Wiree = M}"(QLLQLL + Q5Q5) + ,LLfQ6Q6
[conformality Z far IR THE 5 o 8 DIE]

|

Wayn = yqMq + linear terms of P and S.

W D> yP(HH — F?) +yS(H.,Hy — f?)

A2
8n? /| ewrp  OU(2)mag X SU(2)e
— T ( g®, )\f:’)) i
g SU(2)L by <>
0 8712

Banks-Zaks FP

Top and Higgs are composite!!



Light StOp 5: StI‘OHg Interaction (Fukushima Kitano,Yamaguchi | |, Csaki, Randall, Terning ‘12)

Other Yukawa couplings

SU(4) | SU6); SU(6)y U(l)y U(1)g - B B
Q| O O 1 1 3 [©19.,9:3Q:+3]LEr ~ 7 Hd LEr
o| o 1 g -1 ! T ) )

SU(2)mae | SU(6)1 SU(6) U(1)y U(1)r [212:Q3Q+3]Q;Dr ~ H Hd QDr
< 1 2 2 _ _ _
; g ]f . 9 _: [Q12Q:Q:i+3]QiUr  ~ H HuQUr
M 1 O O 0 - _ _

[Q1:Q4Q5]Br ~ Hd Q3 Br
10105 Q3] Q4|05 | Qs 1
Y‘%‘%‘%‘O‘O‘—% elementary
Qs |MA|H B X |Vv|U |t |E|e.|R|e|GPS
vigl oo |5 l=a]-tlol=[=34]-412]4] o

— )& Yukawa % Higher dimensional operator CT& 1%
Running THS5 EIT5FE ?



Light StOP 5: StI‘OHg Interaction (Fukushima Kitano,Yamaguchi | |, Csaki, Randall, Terning ‘12)

The leading contribution to the composite soft masses are controlled by chiral
symmetry (Arkani-Hamed, Rattazzi ‘98)

£:/d49(QTZeVQ+QTZeVQ) Q—e'Q Q — e
7 — enizAl : Ay, — 2F/PAN,

7 = 1—923— 0°B — 0°0°(m{y, — | B|?)

AN/(F—N)

e L q—e q
L = [d MZM -+ qiZ7" Pelq | g2 Veg = _y oAN/(F=N) 7
- A2 AAN—2F)/(F-N) ' A(4N-2F)/(F—N) q e q
M — e* M .
Me; ~ M3 ~ few - TeV
i, = o = m2 = SN =2 s A ~5—10 TeV
M b uv s q b Uv )
Meomp ™~ Ael NMl NMQNANfGWH)O GeV
mir? of composites are vanishing for F = 3/2 N! f ~ 100 Gev
. 2 7 3
[up to O(m*/A?) correction...] T ~ f*me ~ few - 107 GeV
: . | F ~ few . TeV
Stops and Higgs can be light! o = (S) ~ A

tan 5 ~ O(1)



Light StOp 5: Strong Interaction (Fukushima Kitano,Yamaguchi | |, Csaki, Randall, Terning ‘12)

Interesting bonus

W D yP(HH — F°) +yS(H,Hy — f?)

Higgs Mass can be raised up by SHuHq
Vh = y*/4 sin?23 ( HTH )2

2

mMh2 = Mhssm)> + y2 sin22B v2 (v=174GeV)



Light StOp 5: Strong Interaction (Fukushima Kitano,Yamaguchi | |, Csaki, Randall, Terning ‘12)

MCSSM: benchmark spectra

Ch | 628 GeV
Vo [ 651 GeV
3 | 667 GeV
N3 | 700 GeV

499 GeV
509 GeV
530 GeV
580 GeV

602 GeV 57 7| Ay | T20 GeV
635 GeV ty | 621 GeV | N, | 724 GeV
805 GeV H* | 626 GeV | Ns | 806 GeV
876 GeV H, | 627 GeV | Cy | 881 GeV

Table 3: Light superpartners and Higgs particles for benchmark spectra 1 and 2 with a ¢
NLSP. All other superpartners are above 1 TeV.

gluino mass ~ |.5 TeV



Light Stop : & & &

Heavy First Two Generations Light Third Generations
* Anomalous U(l) model *Split Family
*Flavored Mediation eExtra Dimensional Models
*Extra Dimensional Models *Strongly Interacting Top
M |,2generation >> M3rd ~ Mgaugino M |,2generation ~ Mgaugino >> M3q
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Light Stop : & &

J. Bramante, J.Kumar,
B. Thomas (2011)

Multi-jet search

Simple Model : gluino, stop, N1 (massless for simplicity)
. “t1 = t+ N1 = jjg+ N1
¢« "g—=>t+ "t1 = tt+N1 = Jiligt N1

1200
« N;j>3 1100
. i > 300 GeV 1000 [P
« No leptons Z: 900
:‘t...*” 800

/[S =/ TeV, 10fb-1 700

5 o0 --- Red 600
3 o --- Orange

HICESHD arXiv:1203.4813

“Stop the Top Background of the Stop Search ?
Mt2 with on-shell W

— Direct stop search C 650-700GeV (8TeV 20fb-')




SUSY particle HYifEiR U C LS EE

IR DVIEHY High Energy Motivated 7RIR T (F 7R HVR HVE L
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%61) Mirage Mediation : Mirage@TeV
. mg/2 B Meyr
“= Moy In(Mp;/mg)s)’ Mo =
.'S",')—B.O) Mirage mediation —Ix TeV Scale [Z mirage h’dh 5 EfER

|

1

Mmir -
(Mpl/m3/2)a/2' Ma(Q) — MO [1 — @bagg(Q) In ( Q ) |

1600 | , AT
1400 | : | tanf=10 a=2 (M_,.= M,)
: 25 |- :M0: 1 TeV —
1200 | :
> [ '
O . o 5
& 1000 | | B
800 | L §
600 | 1 >L4_/_—/———-———”—'_ ——J—WJ |
: -
|

3 4 5 6 7 & 9 10 11 12 13 14 15 0_5:

log,, (11/GeV) N -

0 |

|

Gaugino, sfermion & mirage@ﬁT@M@léeE SRI=HE:B
Higgsino = p-term A\ D E—F T N ILES

Talk by H.P.Nills, LA X As; Paper by Choi-Jeong-Kobayashi-Okumura in PRD [hep-ph/0612258]




SUSY particle HYfEiR U T WS RE

lwamoto points (MIRAGE MEDIATION calc. by ISAJET 7.82)

AM =270 GeV AM = 361GeV
_950F ] 1200 .
ggooi—H0 — N —i gﬂwoi— —i
§8503— = ?100;— F—— | ——7, & sy e
- - - H° i %s %, A "33 &r_A
800;_ : f?g —§L~5§BEL_; 1o5o§—H — N ) LS e -
750 R 1000 b, —— E
- b, —— ] 9502— —;
7005_ %, 7 T, Bl E 900 =
650 i E 850%— . —;
= ~0 ] - t, -
600 74 = 800 —=
5502— % 7 T —; 7502— ;Xg? % —;
s00F 3 7005 =
(&, m312, tanP)=2.98, 35.5TeV, 5 (&, M3z, tanP)=2.56, 68.2TeV, 5
Nmatter, Hd, Hu = (0 Nmatter, Hd, Hu = 0,0.5, |
Oh2=0.09
[Z Dparameter D & |EBTDpage D o EIFERHIEWVE T
Jet(highP,)
% ISR | o) IXY b ZRSOBIORBIBEZARY LI L L
Q(q,),/ i8R = ¥ % & Radiative EWSB DY&E L L = p-term DY/ & < HE5 L
‘ J ! l P . . » N N <~ ~ &
g(g)ﬂ )CCI‘(Q-//— et(lowky) — Higgsino '8 9 & CTHEIR spectrum TR R D M5

q@) =X SENERT E S E brs+y F T excluded.



R-parity violation??

1

Wy, E/\ijkLiLjEk + )\gjkLinDk T

Not to wash out B-asymmetry

AN N <OI0).
Endo, Hamaguchi, lIwamoto, arXiv:0912.0585

Missing Et search is no more optimal...
( = the LSP is no more DM candidate)

Leptonic RPV : multilepton final state

Hadronic RPV :a lot of jets

1., -
A U;D;Dy,

CMS PAS EXO-11-045 (bino mass 300GeV)

CMS Preliminary Ly=211f" Vs=7TeVv CMS Preliminary Ly=21f" Vs=7Tev
2000 T T\ T T T 2000 T
cg 95% C.L. Limits: 4 &;\ L ]
2  =—NLO observed:\,,, ] =2 r =
% 1800 «=« NLO expected: A, ,, 4 % 18001 -
S [ [JNLO expected = 1o ] S C ]
& 1600 — @i NLO expected + 20 ] & 16001~ E
1400~ - 1400 -
1200 L N B 12001~ 9504, ¢.L. Limits: . ]
C S N g [ —NLOobserved:hpy N ""**ee.., m
1000~ ., = 1000 .. NLO expected: ;5 T
C . 7] C [JNLO expected = 1o -
800 Seal ] 800 [— MINLO expected = 20 —
600 = = NLO observed: A, L, =35 pb - 600— -
I I E U B IR B R B I IR I IR N IR S B
600 800 1000 1200 1400 1600 1800 2000 600 800 1000 1200 1400 1600 1800 2000
m, (GeV/c?) m; (GeV/c?)
CMS Preliminary L,=211f" \Vs=7TeV
CMS Preliminary L,=211f" \Vs=7TeV - T B B BN
20007\|\\\‘\\\|x.:xn LA L L NQ | ]
© - : ] > - 1
> 18001 . @ 14001 7
S L ] (=] B 1
1600 - £ - 8
é C ] 1200? 7]
1400~ — - 1
1200/ ] 1000~ 95% C.L. Limits: """ reranen, . n
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Figure 2: 95% C.L. limits for RPV couplings A1z, A123, A233 and Hadronic-RPV scenarios as
a function of the squark and gluino masses for a SUSY topology described in the text. The
observed limits, along with limits expected in the absence of signal are shown, along with the
uncertainty in the expectation. Masses to the left of the curves are excluded. For the H-RPV
scenario gluino masses below ~ 500 GeV/c? are allowed for reasons explained in the text. The
previous limit on A12, obtained with 35 pb™!, is shown as a dotted line on the left plot.
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