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Recent results:
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Atlas:

O-lepton SUSY exclusion

| tb/-1

ATLAS preliminary

squark mass [GeV]

=0 GeV)
P

Squark-gluino-neutralino model (m

2000 —
- TLAS Preliminary
' 0 lepton 2011 combined
w— CL, observed 95% C.L. limit
1750 |‘ L, cbserve im
T I' : === CL. median expected limit
AL oxp. limit 68%, 99% CL
1500 [ » -
|‘ %, = 2010 data PCL 95% C.L. limit
" L™ - 10407 \3-7 Tev ]
1250 -

2]

5

"

e
fo2

o

191 4

Il'l lljl

1000

DO, Run 1l

750

n
-
°
=) I

IIII

500

250

IlIll

0

400 |
300

200 |-

MSUGRA/CMSSM: tanf} = 10, A°= 0, u>0
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» Data probe squark/gluino cross section of less than 0.1 pb
* Challenging for squark/gluino mass of ~1 TeV. =~
e Mguino > 760 GeV, regardless of squark mass  >implified
model” (left)
® Mgluino = quuark > 1075 GeV
* Mgiuino = Msquark > 980 GeV CMSSM/MSUGRA
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No sign of SUSY but new limits
for numerous SUSY models

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: Dec. 2011)

 MSUGRA/CMSSM : 0-lep +'s + E .o
MSUGRA/CMSSM - 1-lep + s + E .,
MSUGRA/CMSSM : mulijets + E; ..

1=gmass ATLAS
Y=g mass Preliminary
gmass (for m{@) = 2m(d))
§=Ymass (light 1)
Ymass (m(g) <2TeV, light})
gmass (m(Q) <2 TeV, light i‘: )
Gmass (m(g) <2 TeV, m(z;) <200 GeV)

gmass (m(Q) <2TeV, m(i?) <200 GeV)

gmass (m(z;) <200 GeV,am(y", 1) / Am(@,3°) > 1/2)
g mass (m(B) < 600 GeV, light7)

d mass (m(i?) <80 GeV)

b mass (m(i?) <60 GeV)

X, mass (light &, m{l) =X(m(x;) +m(z,)

g mass (corresp. to A <35 TeV, tanp < 35)

g mass (m(bino) > 50 GeV)

J.Ldt =(0.03-2.0) "
s=7TeV

Simpl. mod. : 0-1ep + j'S + Ex mes
Simpl. mod. : 0-lep + 'S + Et mies

Simpl. mod. : 0-1ep + j'S + Ex mes

Simpl. mod. - 0-lep +j's + E s

Simpl. mod.  0-ep +j's + E e

Simpl. mod. @-> Q") - 1-1ep +j'S + E e
Simpl. mod. : 0-lep + b-jets +j's + E s

Simpl. mod. @—tTE)) : 1-1ep + b-jets +'s + Ey e,
simpl. mod. (b, bz‘:) -2 b-jets + Ey e

Simpl. mod. (zjiz" -3 z‘:) -2-1ep SS + Eq s
GMSB : 2-lep OS¢, + Emie

GGM + Simpl. model “yy + E____

SUSY

GMSB :stable T T mass

AMSB : long-lived i: if mass (0.5 <t(if) <2ns)

Stable massive particles : R-hadrons 'Q' mass

Stable massive particles : R-hadrons 6 mass

Stable massive particles : R-hadrons Tmass

Hypercolour scalar gluons : 4 jets, m, = m sgluon mass (excl: my, < 100 GeV, m,y= 140+ 3 GeV)

RPV : high-mass ep v, mass (4,,,=0.10, 1,,,=0.05)
Bilinear RPV - 1-lep +'s + E; ... q=0mass (cT gp < 15 mm)
| | | I | | | | | N I T | I | | | I I I | I | | 11 1

10 1 10
Mass scale [TeV]

*Only a selection of the available results leading to mass limits shown
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What can we look forward to
from LHC in coming year?
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For 20 fbA-1:

reach to m(gl)~1.5 TeV for msq~mgl
reach to m(gl)~| TeV for msq>>mgl
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Events / 1 GeV

Events /5 GeV

Possible Higgs signal at 125 GeV?
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Implications for mGMSB

mGMSB: n, =1, u >0, tanf =10, m,=173.3 GeV

128_IIIIIIIIIIIIIIIIIIIIIIIIlllllllllllllll

— WA =2 ]
112 —  M/A =10 —]

110_lllllll[lllllllllllllllllllllllll[lllll
1000 2000 3000 4000 5000 6000 7000 8000 9000 1000(

A (TevV)

m(gluino)=18.6 TeV
m(chargino)=7.3 TeV

Move to general or non-minimal GMSB?
need large AQ
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Implications for mAMSB

mAMSB: u >0, tanp=10, m, =173.3 GeV
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What is left of mMSUGRA/CMSSM?

mSUGRA: 1 >0, m, =173.3 GeV

Scan over p-space:
mo > 11eV

(scalar masses> | TeV)
Ao > 0.5 TeV

Thermally -produced
neutralino CDM:
unlikely unless in FP region

which has moved out to
|0-20 TeV
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mMSUGRA parameter planes

mSUGRA: tanfi=10, A, =0, 1 >0, m,=173.3 GeV

mSUGRA: tan} =30, A, =0. 1 >0, m,=173.3 GeV
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Chargino or stau may still be within |ILC
reach, but not at same time

mSUGRA: u >0, m =173.3 GeV
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Should we be alarmed?

To a large extent, these LHC results have been anticipated by many SUSY
theorists

Well-known result: general gravity mediation leads to large FCNC/CP
violation: in fact, this was a major motivation for GMSB/AMSB

good reason for universality within a generation: SO(10)

no good reason for generational universality within gravity mediation: why
CMSSM is a lacking as name for model: forgets about gravitino

Decoupling solution to mSUGRA flavor/CP/p-decay/gravitino problem: st/
2nd gen. scalars should be in the 10-40 TeV regime (along with gravitino)!

Gauginos/3rd gen. squarks can be much lighter: sub-TeV

What about SUSY dark matter?

Tuesday, February 7, 2012
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Three problems with neutralino-only CDM picture

. ‘) . - -
* histogram of models vs. Q5 A% with my < 500 GeV
G - - - - 3 f -
ravitinos: spln-§ partner (o) graVIton
e gravitino problem in generic SUGRA models: overproduction of G followed by
. . . < 5 "Y“ ""q L "W LAl -I "‘q LS T"‘ "'q ‘q Y"“ "T" Y"‘ TN
late G decay can destroy successful BBN predictions unless Tr ~ 10° GeV - LR
101 g—rrrrm Ty e 3001 '@ Wmeo |
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. . . . - . . 107 1 ' 107 10* 10° 10° 10° 107 10°
(see Kawasaki, Kohri, Moroi, Yotsuyanagi; Cybert, Ellis, Fields, Olive; Jedamzik) )
]

WIMP non-miracle;
HB, Box, Summy

gravitino problem:
need for heavy grav’ino

2 -
* Generate additional term to QCD Lagrangian: £ 3 0= F{" Fa,,

e violates P and T'; conserves C'

k In addition, weak interactions = £ 3 Arg detM -2 F4" Fa,.,

Strong CP PrObIem o 6§ =60+ Arg detM
and aXionS * experiment: neutron EDM = ¢ ~ 10~10

* How can this be? The strong C'P problem
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Alternative cosmologies: more compelling

and possibly compulsory

Late decaying scalar (moduli) field(s):
enhance relic abundance or entropy
dilution (Kane theorem: must have one)

PQ augmented MSSM: axion, saxion, axino
all contribute to enhance/dilute relic
abundance: in this case, mixed axion/LSP
CDM where LSP=neutralino, axino or

gravitino

Old Omega h"2 constraint not solid

Tuesday, February 7, 2012
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Some compelling models of
interest to ILC searches

effective SUSY

hidden SUSY (small mu)

natural SUSY

Yukawa-unified SUSY

mirage mediation (compressed)

normal mass hierarchy

NMSSM (talk by Kraml)
RPV SUSY (talk by Vormwald)

Tuesday, February 7, 2012
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Effective SUSY

Cohen, Kaplan, Nelson

® Multi-TeV Ist/2nd gen. scalars to solve
SUSY flavor/CP problem

® Sub-TeV 3rd gen. scalars for acceptable

ﬁ n etu n I ng parameter ES3

mo(1,2) [TeV] 10

mo(3) [TeV] 1.1
my, [TeV] —0.6

my, [TeV] 0.5
my2 [TeV] 0.85

my(12)= 10 TeV, m =05TeV,m, =0,A =1TeV, tap= 10,1 >0, m, = 1731 GeV = 8h2<°-“ Ay [TeV] )
St R E 1 0925
[ N — m; 2103
0 T~ N EILLI:{“; ma, [1eV] 10.1
. \ N ::ﬁl-;;,@ mg, [TeV] 10.1
- W -3 - \f ez N mg, [TeV] 10.0
S ool = me,, [TeV] 10.0
Eg T \ B \ mj, 398
| - A \ mg, 770
500— N mg, 586
A \ mg, 058

i \ ms, 944
— ' ma, 1008

500 1000 1500 2000 2500 3500 72

my(3) (GeV) M7, 708

My 708
HB, Kraml,Lessa,Sekmen, Tata m /1 372

a4 398
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Hidden SUSY

® superpotential mu parameter
itself is measure of fine
tuni NE (Chan, Chattopadyay,Nath)

® scenario where all soft terms
heavy but small mu

® light higgsino-like ZI, Z2,W |, but
with small mass gap mw|-mzl,
mz2-mz|

® escape detection at LHC but can
do at ILC

Cheung, Chiang, Song
HB, Barger, Huang

parameter HW150
mo 5000
my /o 800
Ap 0
tan 3 10
JL 150
m 800
mg 2004.9
My, 5171.5
m;, 3240.2
mg, 4267.8
me,, 4869.4
My, 672.7
mW: 156.3
myz, 688.2
mz. 356.3
my_ 158.9
my, 142.7
mp, 120.1
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Natural SUSY

® mu~mh(125)

o tl,t2,bl,b2 <500 GeV
® qL,gR~10-20Tev . ip
® gluino~1500 GeV

® Arkani-Hamed;

® Papucci et al; natural SUSY

® Brustetal;

1

® Essigetal
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Yukawa unified SUSY

® unification of forces

® unification of matter into 16
of SO(10)

® unification of t-b-tau Yukawa
couplings

® spectra in radiatively driven
inverted scalar mass hierarchy
with tan(beta)~50

HB, Kraml,Sekmen
HB, Raza,Shafi

Point 1
My 9 03.41
Ao/mae -2.43
tan 3 57.2
My 13310.0
M 126.7
My 9389
ma 9328
My 9390
Mg 122, 285
My 19295, 19295
M 286, 19330
Mg, 2138921132
m;, 7389 8175
mg, 21389.21513
m;, 7836.8234
mg, 21196
Mg, 15502
mz, o 2119321717
ms, , 7490.15463
Qcpuh 12642
R 1.06
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Mirage unification
(mixed moduli-AMSB)

® Based on KKLT string models with e e 1.5 0. ot o 8 oY
moduli stabilization and uplifted ;
potential :

i

® Soft terms are combination of AMSB -
and gravity-mediation: mixing -
parameter alpha , b

® Gaugino masses unify at intermediate
" 'mirage” scale o wt e w a" u®

w
Q 15eY)

® Compressed spectra difficult at LHC

Model line 9 in Isasugra/lsajet

’ -
GeygeCowing
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What about (g-2) mu:

Normal scalar mass hierarchy

® (g-2) mu needs light smuons

® BF(b->s gamma) needs heavy stops

® NMH model: mO(1)=m0(2)<<m0(3)

mg(1,2) = 100GV, m(3) = 1400GeV, m_, = 550GeV,

A, =0, tanfl = 30,2 >0, m, = 175GV

0 10
QGaV)

HB, Belyaey,
Krupovnickas,Mustafayev
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Conclusions
New LHC SUSY limits appear daunting

But h(125)- if it persists- can re-inforce:
heavy scalars with large AO

pressure on mAMSB, mGMSB

SUGRA (min and non-min) survives in lots
of guises

Survey of several compelling models
beyond mSUGRA shows that there will
likely be a huge role for ILC to play
whether or not LHC discovers SUSY
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