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Delivered integrated luminosity (fb™")

LHC status
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—o— ATLAS 5.557 fb™'
—A— CMS 5.653 fb™!
—o— LHCb 1.196 fb™"
—0— ALICE 4.891 pb™!
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(generated 2011-10-30 01:21 including fill 2261)

> 5/fb of data has been
accumulated in 201 1.

LHC is working very well.



New physics searches

* No exotic signature, beyond the fluctuation, has been
observed...



New physics searches

* No exotic signature, beyond the fluctuation, has been
observed...

B|B|C
NEWS sciencE & ENVIRONMENE, | e 9 TODAY
Mome UK Afrca AsisPac Europe Latin America MidEast SouthAsia US & Camsda Business Mealt — Woekdays 6-9am and Saturdays 7-9am

27 August 2011 Last updated ot 05:41 GMT ERESa RO EZEEEEE| 7>5 25t upcated at 07:22 GMT, Saturday, 27 August 2011 08:22 UK

BB News Sport Weather Travel

LHC results put supersymmetry theory ‘on the — Supersymmetry 'may be wrong'
S t. Howu:oT:::oyn to Today
L Contact Today .0) Dr Tara Shears, spokesperson for experiment: *So far we've d

By Pallab Ghosh

Scence comespondent, BBC News

puts supersymmetry under a bit of a squeeze.”

News Feeds

Radio 4 Home D

The World at One
PM

Results from the Large Hadron Collider (LHC) have
all but killed the simplest version of an enticing
theory of sub-atomic physics.

The World Tonight Results from the Large Hadron Collider (LHC) have all but killed one ver
Sroadcasting House supersymmetry, an enticing new theory of sub-atomic physics.

Researchers faled 1o fnd evidence of so-called B8C News

. ) Sclence correspondent Pallab Ghosh explains how researchers have fall
supersymmetric” particles, which many physicists had /—T ‘




New physics searches

* No exotic signature, beyond the fluctuation, has been
observed...

B|B|C
NEWS sciencE & ENVIRONMENE, | e 9 TODAY
Mome UK Afrca AsisPac Europe Latin America MidEast SouthAsia US & Camsda Business Mealt — Woekdays 6-9am and Saturdays 7-9am

27 August 2011 Last updated ot 05:41 GMT ERESa RO EZEEEEE| 7>5 25t upcated at 07:22 GMT, Saturday, 27 August 2011 08:22 UK

BB News Sport Weather Travel

LHC results put supersymmetry theory ‘on the — Supersymmetry 'may be wrong'
S t. Howu:oT:::oyn to Today
L Contact Today .0) Dr Tara Shears, spokesperson for experiment: *So far we've d

puts supersymmetry under a bit of a squeeze.”

By Pallab Ghosh
Scence comespondent, BBC News News Feed
. ecs )
Radio 4 Home

The World at One
PM

Results from the Large Hadron Collider (LHC) have
all but killed the simplest version of an enticing
theory of sub-atomic physics.

The World Tonight Results from the Large Hadron Collider (LHC) have all but killed one ver
Sroadcasting House supersymmetry, an enticing new theory of sub-atomic physics.

Researchers faled 1o fnd evidence of so-called B8C News

. ) Sclence correspondent Pallab Ghosh explains how researchers have fall
supersymmetric” particles, which many physicists had /—T ‘

What is the status of SUSY?
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Why Supersymmetry?
* gauge coupling unification

e dark matter

-- R-parity makes LSP stable. LSP, in the majority of parameter space, is a
neutral particle (neutralino in the MSSM, gravitino in the GMSB).

¢ naturalness

-- providing a solution of the fine-tuning problem V = —m?%H? + \H*
220 = m (v
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Why Supersymmetry?
* gauge coupling unification

e dark matter

-- R-parity makes LSP stable. LSP, in the majority of parameter space, is a
neutral particle (neutralino in the MSSM, gravitino in the GMSB).

¢ naturalness

-- providing a solution of the fine-tuning problem V =—m%H?*+ \H*

0((102GeV)?) 2Xv* = m%(v)

SUSY
= m3(A) HAm% f - f
2 O
~ Msysy T T o H v
O((10%V)?)

SUSY particles should be produced at the LHC



SUSY cross section @ 7 TeV LHC
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Background
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SUSY events

* Because of R-parity, SUSY particles have to be produced in pairs and
decay to the LSP.
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SUSY events

* Because of R-parity, SUSY particles have to be produced in pairs and
decay to the LSP.
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* large missing energy
* multiple high pT jets
* b-jets

* leptons



Events / 100 GeV
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ATLAS O-lepton analysis with |/fb

cuts:

Signal Region | > 2-jet | > 3-jet > 4-jet High mass
Emiss >130 | > 130 | > 130 > 130
Leading jet pr | > 130 | > 130 > 130 > 130
Second jet pr >40 | >40 > 40 > 80
Third jet pr — > 40 > 40 > 80
Fourth jet pr — — > 40 > 80
Apet, P min | > 0.4 | > 0.4 > 0.4 > 0.4
ErT“iSS/meﬁc >0.3 | >0.25 > 0.25 > 0.2
Meff > 1000 | > 1000 | > 500/1000 | > 1100

ATLAS, 1109.6572



ATLAS O-lepton analysis with |/fb

2-jet signal region:
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ATLAS O-lepton analysis with |/fb

ATLAS, 1109.6572

cuts:
Signal Region | > 2-jet | > 3-jet > 4-jet High mass
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ATLAS O-lepton analysis with |/fb

ATLAS, 1109.6572

cuts:
Signal Region | > 2-jet | > 3-jet >4-jet | High mass
Emiss >130 | > 130 | > 130 > 130
Leading jet pr | > 130 | > 130 > 130 > 130
Second jet pr >40 | >40 > 40 > 80
Third jet pr — > 40 > 40 > 80
Fourth jet pr — — > 40 > 80
Apet, P min | > 0.4 | > 0.4 > 0.4 > 0.4
ErT“iSS/meﬂc >0.3 | >0.25 > 0.25 > 0.2
Meff > 1000 | > 1000 | > 500/1000 | > 1100
Signal Region
Process
_ , > 4-jet, > 4-jet, ,
> 2-jet > 3-jet High mass
meg > 500 GeV | meg > 1000 GeV
Z|y+jets 323+ 26+ 69 | 255+ 26+ 49 | 209+ 9+ 38 | 162+ 22+ 37| 33+ 1.0+ 13
W+jets 264+ 40+ 6.7 | 226+ 35+ 5.6 | 349+30+£122 | 13.0+ 22+ 47| 21+ 08+ 1.1
fit+singletop | 34+ 1.6+ 1.6 50+ 20+ 22 | 425+£39+ 84 | 40+ 13+ 20| 57+ 18+ 19
SM QCD multi-jet | 0.22+0.06 £0.24 | 0.92+0.12£0.46 34+ 2+ 29 [ 0.73£0.14+£0.50 | 2.10 £0.37 £0.82
Prediction-—b Total 024+ 44+ 93| 549+ 39+ 7.0 | 101541 +144 | 339+ 29+ 62 | 13.1+ 19+ 25




How many SUSY events are allowed?

prediction for # of events after the cut:

A= Asym + Asusy

provability observing n events:

e AN

n!

P(n) =

Incompatibility between model and data (p-value):

Nobs

_ P(n The model is excluded at 95% CL,
P nz::o () if p, < 0.05.

* 95% CL upper bound on Asusy in each signal region

signal region > 2 jets > 3jets | >4jets(a) | > 4jets(b) | High mass

upper bound 22 25 429 27 |7




Constraint on the CMSSM

* Asusy can be estimated in each model point by the MC simulation.

ATLAS, 1109.6572

— One can make a judgement whether or not the model point is excluded.
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Constraint on the CMSSM  arwas, 11096572

* Asusy can be estimated in each model point by the MC simulation.

— One can make a judgement whether or not the model point is excluded.
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Constraint on the CMSSM

ATLAS, 1109.6572

* Asusy can be estimated in each model point by the MC simulation.

— One can make a judgement whether or not the model point is excluded.
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Constraint on the CMSSM

ATLAS, 1109.6572

* Asusy can be estimated in each model point by the MC simulation.

— One can make a judgement whether or not the model point is excluded.
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Pushing up the exclusion contour

0-lepton 1000/pb

Signal region 2-jet 4-jet
pT > 40 >80
ETmiss > 130 > 130
meff > 1000 > 1100
stat. error (obs. events) 13% (58) 28% (18)
sys. SM, sys. SUSY 8%, ~30% |24%, ~30%

* How to get more stringent exclusion limit?
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Pushing up the exclusion contour

0-lepton 1000/pb

Signal region 2-jet 4-jet
pT > 40 >80
ETmiss > 130 > 130
meff > 1000 > 1100
stat. error (obs. events) 13% (58) 28% (18)
sys. SM, sys. SUSY 8%, ~30% |24%, ~30%

* How to get more stringent exclusion limit?

e Accumulate more data?

Statistical error and Systematic error
are the same order

* Improvement only on the statistical error doesn’t help much.



Pushing up the exclusion contour

0-lepton 1000/pb

0-lepton 165/pb

0-lepton 35/pb

Signal region 2-jet 4-jet 2-jet 4-jet 2-jet 4-jet
pT > 40 >80 > 40 > 40 > 40 -
ETmiss > 130 > 130 > 130 > 130 > 100 -
meff > 1000 > 1100 > 1000 > 1000 > 500 -
stat. error (obs. events) 13% (58) 28% (18) 29% (10) 37% (7) 9% (87) -
sys. SM, sys. SUSY 8%, ~30% |24%, ~30%||13%, ~30%|17%, ~30% | |34%, ~30% -

* How to get more stringent exclusion limit?

e Accumulate more data?

* Improvement only on the statistical error doesn’t help much.

* Imposing more stringent cuts is important. ( stat.and sys. can be balanced )




Pushing up the exclusion contour

0-lepton 1000/pb 0-lepton 165/pb 0-lepton 35/pb
Signal region 2-jet 4-jet 2-jet 4-jet 2-jet 4-jet
pT > 40 > 80 > 40 > 40 > 40 -
ETmiss > 130 > 130 > 130 > 130 > 100 -
meff > 1000 > 1100 > 1000 > 1000 > 500 -
stat. error (obs. events) 13% (58) 28% (18) 29% (10) 37% (7) 9% (87) -
sys. SM, sys. SUSY 8%, ~30% |24%, ~30%||13%, ~30%|17%, ~30% | |34%, ~30% -
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Constraint on mAMSB

* Observed gluino and squark mass bounds can only be applied to the CMSSM.
* One should also look at constraints on the other SUSY models ( CMSSM # SUSY ).

* We study the constraints on the mAMSB model points.

Softsusy: calculation of low energy spactrum

Susyhit: calculation of decay branching ratios

Prospino2: NLO cross section

Herwig++: event generation, parton shower, hadronisation

Delphes: detector simulation



minimal Anomaly Mediated SUSY Breaking (mAMSB)

* AMSB: assumed that a spontaneous SUSY breaking in hidden sector is mediated to the
MSSM sector by anomalous violation of a conformal symmetry. L. Randall, R. Sundrum
9810155[hep-th]
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* Flavour and CP violations are safely suppressed, but sleptons become tachyonic, breaking
EM symmetry. )
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minimal Anomaly Mediated SUSY Breaking (mAMSB)

* AMSB: assumed that a spontaneous SUSY breaking in hidden sector is mediated to the
MSSM sector by anomalous violation of a conformal symmetry. L. Randall, R. Sundrum

9810155[hep-th]
a%j
dg

1 0vij b
My = —m3z;;  mj; = _Z< Bg + a—yjﬁy>m§/2 Aijr = —gym3/2

* Flavour and CP violations are safely suppressed, but sleptons become tachyonic, breaking
EM symmetry. )
2 M3z 198 4

Mer = T6n2)2 25 N

* Add an additional soft mass mo to all the scalar masses at low energy to make slepton
masses positive. T. Gherghetta, G. F. Giudice, J. D.Wells

=P minimal AMSB 7704378[hep-ph]

ms3/2, Mo tanﬁa 81gn(,u)



tan 3 =10, >0

Mass spectrum

. Bg.
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gaugino mass: My, = ——=mg3/> = |Ms| > |Mi| > |M>|
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Associated wino production

* Because of a larger hierarchy between gluino
and LSP and larger wino gauge coupling,
associated wino production is not negligible.

— 858998 (]

* It slightly enhances 2, 3-jet events.
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Normalised to unity

jet pr, ETmiss, Meff

e Distributions of jet Pt, ETmiss, meff are similar to ones in the CMSSM.
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Constraint on mAMSB
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Bench mark points (S.S.AbdusSalam et.al. 1 109.3859)

' 95% exclusion 1
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lanach Khoo and Sakural 2011

20 L4

02 04 06 038 1 1.2 14
mO/TeV

o myz ~ mg > 900 GeV

° m3/2 > 30TeV if mo < 1.3 TeV

e M3/2 > 40 TeV if mo < 500 GeV

B.C.Allanach, T.).Khoo, KS 1110.1119
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CMSSM “on the spot™?

* Naturalness ) — 9 +9”
) 8
m
DL o —(uf? 4 m, (A) + Amd,) —miy = |l 4+ miy,

~ —|u* = 0.6m7;, (A) + 3.0M3(A) + 0.8mF(A) — 0.44,(A)Mz(A) + - -
R. Dermisek, H. D. Kim 0601036[hep-ph]



M2 [GeV]

e Naturalness

CMSSM “on the spot™?
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* R. Dermisek, H. D. Kim 0601036[hep-ph]
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Existence of the CMSSM is quite unnatural.

< 0.7 —0.6%

R.Kitano,Y.Nomura 0602096[hep-ph]



Natural SUSY model

e Naturalness

~ —(|pl* + m7; (A) + AmF, )
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Natural SUSY model

e Naturalness
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o Ms, mi, mp,should be O(100) GeV.
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Natural SUSY model

e Naturalness
my ~ (112 2 (A 4+ A2
5 = (|n]” +my, (A) + Amy )

~ —|p|® — 0.6m7, (M) 4 3.0M3(A) + 0.8mZ(A) — 0.44,(A) M3z(A) + - -

o Ms, mi, mp,should be O(100) GeV.

GUT » 11 /2, M1o,, M, should be O(100) GeV.

* a phenomenological model

mO = m101,2 — m§1,273

m3 = mioz = My, = MH, Ao, tan 3, sign(p)

mi/2



Natural SUSY model

e Naturalness
my ~ (112 2 (A 4+ A2
5 = (|n]” +my, (A) + Amy )

~ —|p|® — 0.6m7, (M) 4 3.0M3(A) + 0.8mZ(A) — 0.44,(A) M3z(A) + - -

o Ms, mi, mp,should be O(100) GeV.

GUT » 11 /2, M1o,, M, should be O(100) GeV.

* a phenomenological model

less sensitive to _
mo = mio,, — Mgy, , ., ~ 1.5TeV
naturalness 2,

_ Ag, tan g, sign(u)
L Ma = M. = Mo = m ; :
sensitive to 3 103 Hy Hq

naturalness ~ O(100) GeV

mi/2



Viable parameter region

* Softsusy is used.

* Small stop masses are reconciled with the Higgs mass bound by large Ao .

mo=1.9TeV, my, = mg, = mg,
1 " 1 " 1 "

Ag=—-—m3—400,tan B8 =10, x> 0
400 1 " 1 " 1 M 1 "
~~~~~~~~~~~~~ 7, my < 114.4 GeV
Z o
250 - L 71 is LSP i
™ t, is LSP
m.+ < 94 GeV
300 - . . X1 . .
S t1 is tachyonic
@ ] N
S o504 %
Q ~E X \ i
'.:T \‘\ 200 Y
g
200 - A -
150 - A \ I
100 1 1 1 1 1 1 1
200 400 800 800 1000 1200 1400
m3 [GeV]

KS, K.Takayama 1106.3794
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ATLAS O-lepton analysis 165/pb

ATLAS-CONF-2011-086

Signal Region > 2 jets > 3 jets | > 4 jets
EWss [GeV] > 130 > 130 > 130
Leading jet pp [GeV] > 130 > 130 > 130
Second jet pr [GeV] > 40 > 40 > 40
Third jet pr [GeV] - > 40 > 40
Fourth jet pr [GeV] - - > 40
Ag(jet, EIISS) iy > 0.4 > 0.4 > 0.4
B [ > 0.3 > 0.25 > 0.25

meg [GeV] > 1000 > 1000 > 1000

SM Background 121+28 | 10.1£23 | 73+ 1.7

Observed Events 10 8 7

e CMSSM limits for validation (solid: our calculation, dashed: ATLAS)
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Exclusion p-value

* No 95% exclusion region

2-jet signal region

1000
m3 [GeV_l KS, K.Takayama | 106.3794



Exclusion p-value

* No 95% exclusion region

3-jet signal region
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Exclusion p-value

* No 95% exclusion region

4-jet signal region Pu

400 1 L L ) 1 . I . 1 . 1 L !

165 pb~! O-lepton 4-jets |
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ATLAS 0-lepton 165/pb result

2-jets 3-jets 4-jets
400 1 |7 1 1 0.4 400 1 1 1 1 1 1 1
1 lepton 2-jets 035 165 pb~! 0-lepton 4-jets
350 350
0.3
s‘30() 0.25
%250 0.2
£

.
g 8

200 400 600

800 1000 1200 1400
ms [GeV]

* The constraint from the 0-lepton analysis is very weak.



ATLAS 0-lepton 165/pb result

3-jets 4-jets

0'4 400 . 1 1 1 1 1 1 1
0% ' 165 pb~! 0-lepton 4-jets
0.3 .
025 ;‘300
02 é-250 .
015 § 20 .
0.1 .
150
0.05 .
100

200 400 600 800 1000 1200 1400 1000 1200 1400 200 400 600 80 1000 1200 1400
m3 [GeV] ma [Ge m3 [GeV]

* The constraint from the 0-lepton analysis is very weak.

* Small cross section compared to the CMSSM. o(sq-sq), o(sq-gl) are suppressed by the
heavy squark mass. o(gl-gl) cannot be large at 7 TeV because of small gluon, anti-quark
components in PDF with large energy fraction.



ATLAS 0-lepton 165/pb result

2-jets 3-jets 4-jets

165 pb~! 0-lepton 4-jets [ | d o

1 -lepton 2-jets

200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400
m3 [GeV] m3 [Ge

* The constraint from the 0-lepton analysis is very weak.

* Small cross section compared to the CMSSM. o(sq-sq), o(sq-gl) are suppressed by the
heavy squark mass. o(gl-gl) cannot be large at 7 TeV because of small gluon, anti-quark
components in PDF with large energy fraction.

* Gluino typically decays to 7 particles. The gluino mass
energy is divided by 7 particles and each jet cannot be
hard. — fail to pass the high pT cut




ETmiss, highest p1, mef
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ATLAS 0-lepton 165/pb result

2-jets 3-jets 4-jets

165 pb~! 0-lepton 4-jets [ | d o

1 -lepton 2-jets

200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400 200 400 600 800 1000
ms [GeV] mg [GeV] mg [GeV]

* The constraint from the 0-lepton analysis is very weak.

* Small cross section compared to the CMSSM. o(sq-sq), o(sq-gl) are suppressed by the
heavy squark mass. o(gl-gl) cannot be large at 7 TeV because of small gluon, anti-quark
components in PDF with large energy fraction.

* Typically gluino decays to 7 particles in the final state.
The gluino mass energy is divided by 7 particles and
each jet cannot be hard. — fail to pass the high pT cut

e Large pr, ET™, meff cuts are not good
strategies to exclude/discover this scenario.




mq /2 [GGV]

ATLAS b-jet analysis 35/pb  arias 11034344

¢ (O-lepton: designed for g — bgf

e 1-lepton: designed for g — tfik

e CMSSM limits for validation

300 |

200

CMSSM : tanf8 =40, Ag =0, u >0 |

JLdt=35pb71, \/s=T7TeV ]
b-jet O-lepton

b-jet 1-lepton

200

7400

Signal Region 0-lepton 1-lepton
number of b-jets > 1 > 1
EXss [GeV] > 100 > 80
Leading jet pr [GeV] > 120 > 60
Second jet pr [GeV] > 30 > 30
Third jet pr [GeV] > 30 -
Ag(jet, ERSS) i > 0.4 > 0.4
EXSS /e > 0.2 -
Mest |GeV] > 600 > 500
mr [GGV] - > 100
SM Background 19.6 £6.9 | 14.7 £ 3.7
Observed Events 15 9

solid: our calculation, dashed: ATLAS



ATLAS b-jet 35/pb result

| -lepton O-lepton
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ATLAS b-jet 35/pb result

| -lepton Dy O-lepton
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ATLAS b-jet 35/pb result

| -lepton Dy O-lepton
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ATLAS b-jet 35/pb result

| -lepton O-lepton
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e Constraints are weak.

e There exists allowed region where m1/2 <200GeV and m3 <400GeV.

* In the light 3rd generation scenario, naturalness can be realised under the
recent LHC constraints.

KS, K. Takayama 1106.3794
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E¢ with SU(2) flavour model

* Why m3 # mo? 27 =16[10+5+ 1]+ 105+ 5] + 1’
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E¢ with SU(2) flavour model
* Why m3 # mo?
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021214 1[hep-ph]

27 =16[10 +5+ 1] +10[5+5 ] + 1’



E¢ with SU(2) flavour model o iisimeen

* Why m3 # mo? 27 =16[10+5+1]+105+5 ] + 1’
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couplings
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E¢ with SU(2) flavour model o4ty
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Decouple Yukawa
couplings

Y33 > Y30 > Yoo - -
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E¢ with SU(2) flavour model

* Why m3 # mo?

N. Maekawa
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E¢ with SU(2) flavour model
* Why m3 # mo?
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Decouple

¢ soft scalar mass

V= m20 T, + m2 0
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Summary

e ATLAS and CMS are extending the exclusion limits on the CMSSM.

* Finding constraint on the other SUSY scenario is non-trivial and
important task.

e There arises a tension between naturalness and CMSSM.

* A light third generation scenario is interesting because it can
accommodate naturalness and the resent LHC results.

e Considering a dedicated set of cuts for the light third generation
scenario is important to discover/exclude the scenario.






mg [GeV]

2-loop RGE

As long as m3 and m 2 are weak scale, mo cannot be arbitrarily large.

Arkani-Hamed, Murayama 97

d 16 2 2 16 o3 2 2 2
Emag ~ —gOngg + Oébng + ?ETT[WJ—F m&VR + mﬂR]
cannot take large tan 3 make m 7 tachyonic

at low evergy
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How many SUSY events are allowed? sysrematic

errors

prediction for # of events A=Asm (1 +dsmosn)

A= Asm FAsusy =
after the cut: +Asusy (1 + dsusyosusy)

.. . —)\)\n 1 —)\)\n 1/¢2 2
provability observing P(n) = e —> Pn) = — /d5SMd5SUSY€ JEE Sy N
n events: n! N n!

Nobs
E = —3 (62 +05usy)
|nCOmpat|b|||ty (P-Value): p’U p— P(n) N = /d5SMd55U5y€ S sSus

n=0

conservative p-value: CL, = py(Signal + BG : [0, nobs))
pU(BG : [07 (nobs — 1)]) (PDG)

* The model is excluded at 95% CL, if it gives CLs < 0.05.

> 2jets > 3jets > 4jets (a) | > 4jets(b) | High mass

95% upper bound

22 25 429 27 |7
on Asysy




m, , (GeV)
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L CMS, 1.14fb", \'s =7 TeV
95% CL limits:
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Compressed spectrum

T.).LeCompte, S.PMartin 1105.4304
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Compressed spectrum
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Cross section
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Gluino decay modes
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