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D What is SLUSY?
@ Where is SUISY?

D LHCT Reach
@ mSUGRA
@ Non mSUGRA Models

@ Conclusions
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What is SUSY?

D |# you were lost in a8 desert island for the last 30
years, you may Nnot have heard of SUSY:
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What is SUSY?

D |# you were lost in a8 desert island for the last 30
years, you may Nnot have heard of SUSY:

@ SUSY is a space-time symmetry in 3 + | + 2.*
dimensions (x*, 0; o)
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@ SUSY is a space-time symmetry in 3 + | + 2.*
dimensions (x*, 0; o)
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What is SUSY?

D |# you were lost in a8 desert island for the last 30
years, you may Nnot have heard of SUSY:

@ SUSY is a space-time symmetry in 3 + | + 2.*
dimensions (x*, 0; o)

o ¢

® o

R(m):|1/2; =1/2) — |1/2;+1/2) Q(a) : |1/2) — |0)

@ Fermions «
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What is SUSY?

@ Space—timve symmetry — universal — applies to ALL
particles
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What is SUSY?

@ Space—timve symmetry — universal — applies to ALL
par-ticles

@ All masses and interactions are fixed By hal$ the
spectrum! (if SUSY is exact)

€, Qs Lo

g,W,B,h<—>
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What is SUSY?

@ Space—timve symmetry — universal — applies to ALL
particles

@ All masses and interactions are fixed By hal$ the
spectrum! (if SUSY is exact)

€, Qs Lo
g W,B, h <

@ Good news! We have already measured half the
spectrum!
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What is SUSY?

@ Space—timve symmetry — universal — applies to ALL
particles

@ All masses and interactions are fixed By hal$ the
spectrum! (if SUSY is exact)

€, Qs Lo
g W,B, h <

@ Good news! We have already measured half the
spectrum!

= All interactions are (~) known!
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Breaking SUSY

B But SUSY must re rrokenl
(no at OS Me\V)
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Breaking SUSY

B But SUSY must re rrokenl
(no at OS Me\V)

@ No final model for SUSY rreaking — assume the
MOst general case (particularize later)
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Breaking SUSY

B But SUSY must re rrokenl
(no at OS Me\V)

@ No final model for SUSY rreakina — assume the
MOst general case (particularize later)

d Allowed SUSY rreaking terms:
( m2z8.° A M
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Breaking SUSY

B But SUSY must re rroken!
(no scalar electron/selectron/é at OS MeV)

@ No final model for SUSY rreakina — assume the
MOst general case (particularize later)

@ Allowed SUSY eresking terms:
( m2e2,” Azehy, MEg |

B Breaking (soft) terms have the correct form!
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Breaking SUSY

B But SUSY must re rroken!
(no scalar electron/selectron/é at OS MeV)

@ No final model for SUSY rreakina — assume the
MOst general case (particularize later)

@ Allowed SUSY eresking terms:
( m2e2,” Azehy, MEg |

B Breaking (soft) terms have the correct form!
It m, AAM~1 TeV:

= light matter fermions and cauce BoOsons (SM)
= heavy matter saalar and Gauginos (MSSM)
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Why We Like SUSY
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@ Maximal space—time symmetry in 4+D
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Why We Like SUSY

@ Maximal space—time symmetry in 4+D

D "Explains"' E\WWSPBand staRrilizes the EW scale
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Why We Like SUSY

@ Maximal space—time symmetry in 4+D
@ "Explains' EWSB and starilizes the E\W scale

D Respects the EW precision contraints
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Why We Like SUSY

@ Maximal space—time symmetry in 4+D
@ "Explains' EWSB and starilizes the E\W scale
D Respects the EW precision contraints

@ Provides a dark matter candidate, light Hiaas and
Gauce unification
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Why We Like SUSY

@ Maximal space—time symmetry in 4+D
@ "Explains' EWSB and starilizes the E\W scale
D Respects the EW precision contraints

@ Provides a dark matter candidate, light Hiaas and
Gauce unification

@ Several models and interesting physics..
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Why We Like SUSY

@ Maximal space—time symmetry in 4+D
@ "Explains' EWSB and starilizes the E\W scale
D Respects the EW precision contraints

@ Provides a dark matter candidate, light Hiaas and
Gauce unification

@ Several models and interesting physics..

However it has over OO (soft) parameters just
in the MINIMAL (unconstrained) model!
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Search Strateaies for LHCT

@ Each model (or class of models) has distinet
and rRackarounds
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Search Strateaies for LHCT

@ Each model (or class of models) has distinet
and rRackarounds

@ General Approach:
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Search Strateaies for LHCT

and rRackarounds

@ Each model (or class of models) has distinet
@ General Approach:

@ Look for regions in phase
space where.:

-]

@ BG is not overwhelwming

(5/BG > confidence threshold)
@ Llarae statistics (S > novBG)
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Search Strateaies for LHCT

and rRackarounds

@ Each model (or class of models) has distinet
@ General Approach:

@ Look for regions in phase
space where.:

-]

@ For the resutts presented
here:
(5]
1 = 0,
0 RO is nitbed @ confidence threshold = 20 %
(5/BG > confidence threshold)
@ Larae statistics (S > novBG)

@ n =5 (5 sigma discovery)

Andre Lessa

Ll T |
SUSY®LHC7 - LAPTH

it
v




Search Strateaies for LHCT

@ Each model (or class of models) has distinet
sianatures and Backarounds

@ General Approach:

@ Look for regions in phase @ For the results presented
space where.: here:

@ Sianalis visigle (S > few @ few events = 5
events)

; 4 @ confidence threshold = 20 %
@ B&G is not overwhelwming { 3
(S/BG > confidence threshold) @ n =5 (5 sigma discovery)
@ Larae statistics (S > novBG)
@ Standard SUSY channels:
@ Hr + jets
@ OS, SS dileptons + jets
@ Trilepton
Gje:ts—*'%... A4O0>» «Fr» «E» «Er» E|l= QX
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SM Backarounds

BGs - LHC7
10

10t
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SUSY Sia

D Cor LHCT we can focus on strong cross-sections

LHCTnE:n,

g
]
5

800 100
m (GeV)
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LHCT Reach

® Some rouch guides:
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LHCT Reach

® Some rouch guides:

@ Small luminosity — sianal needs to e produced stronaly (8/3)
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LHCT Reach

® Some rouch guides:

@ Small luminosity — sianal needs to e produced stronaly (8/3)
@ Reauire at least OO SUSY events within | £2~1 of data
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LHCT Reach

® Some rouch guides:

@ Small luminosity — sianal needs to e produced stronaly (8/3)
@ Reauire at least OO SUSY events within | £2~1 of data

1100
m, (GeV)
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LHCT Reach

® Some rouch guides:

@ Small luminosity — sianal needs to e produced stronaly (8/3)
@ Reauire at least OO SUSY events within | £2~1 of data

1100
m, (GeV)

0.7+0.1TeV < mp <0.9+0.1 TeV
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D For a more detailed analysis we need a specific model (or class of
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D For a more detailed analysis we need a specific model (or class of
models).

D £ the soft terms are aenerated By aravitational interactions —
universal Breaking
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D For a more detailed analysis we need a specific model (or class of
models).

D £ the soft terms are aenerated By aravitational interactions —
universal Breaking

D mSUGRA: mo, my /2, Ao, tan 3, sgn(p)

@ my — scalar masses

@ my, — GAUGINO
masses
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For a more detailed analysis we need a specific model (or class of
models).

I# the soft terms are aenerated By aravitational interactions —
universal Breaking

mSUGRA: mo, my 2, Ao, tan 3, sgn(p)

A, =0, tarp = 45,1 > 0, m = 172.6 GeV

@ my — scalar masses

S
@
<1

@ my, — GAUGINO
masses
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For a more detailed analysis we need a specific model (or class of
models).

I# the soft terms are aenerated By aravitational interactions —
universal Breaking

mSUGRA: mo, my 2, Ao, tan 3, sgn(p)

A, =0, tarp = 45,1 > 0, m = 172.6 GeV

@ my — scalar masses

S
@
<1

/

m

@ my, — GAUGINO
masses

— Should not ge taken t00 seriously, since MSUGRA is just a
‘Prototype” model
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LHC Status

@ Early data resutts show excellent detector/MC
aareement!
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LHC Status

@ Early data resutts show excellent detector/MC
aareement!

ATLAS Preliminary
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LHC Status

@ Early data resutts show excellent detector/MC
aareement!

180F SVO selection Simulation
*+ Data 2010 . b jets

Ns=7Tev

L=0.4nb?)

ATLAS Preliminary

. light jets

H
3
g
H

Number of jets

@ Hr,

d B—taaaing and

ATLAS
Preliminary

20 30
Lio()

CMS preliminary 2010 \s=7TeV

number of events / 5 GeV

60 80 100 120
M; [GeVi
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LHC Status

@ Early data resutts show excellent detector/MC
aareement!

SVO selection Simulation
= bjets

ATLAS Preliminary

Number of jets
Events / 1 GeV'

cjets
. light jets

@ Hr,

d B—taaaing and

Lio()

T @ lepton ID should
Be availarle for
early analysis!

CMS preliminary 2010 \s=7TeV
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LHC Status

@ Early data resutts show excellent detector/MC
aareement!

SVO selection Simulation
= bjets

ATLAS Preliminary

Number of jets
Events / 1 GeV'

cjets
. light jets

@ Hr,

d B—taaaing and

Lio()

T @ lepton ID should
Be availarle for
early analysis!

CMS preliminary 2010 \s=7TeV
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@ More than 3 pa~!
of data By now!
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Search Channels

@ Full Analysis (optimized search):

F1 > 100 - 1000 GeV

n(jets) > 2,3,4,50r6

n(b) >0,1,2o0r3

Er(j1) > 50 - 1000 GeV

ET(,/.2) > 50 - 500 GeV

n(¢) =0, 1,2, 3,08, SS and inclusive channel: n(¢) > 0

10 GeV< m(¢t¢=) < 75 GeV or m(¢T¢7) > 105 GeV
(for the OS, same flavor (SF) dileptons only)

@ transverse sphericity St > 0.2

Q

©Q 0 0 0 0 0
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Search Channels

@ Full Analysis (optimized search):

Q

©Q 0 0 0 0 0

-]

F1 > 100 - 1000 GeV

n(jets) > 2,3,4,50r6

n(b) >0,1,2o0r3

Er(j1) > 50 - 1000 GeV

ET(,/.z) > 50 - 500 GeV

n(¢) =0, 1,2, 3,08, SS and inclusive channel: n(¢) > 0

10 GeV< m(¢t¢=) < 75 GeV or m(¢T¢7) > 105 GeV
(for the OS, same flavor (SF) dileptons only)

transverse sphericity St > 0.2

@ Channel is chosen such that:

o]
-]

Signal is visible (S > max[5,50V BG,0.2BG])
Maximizes S/v/'S + BG
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MSUGRA Reach

@ Full Analysis results:

500.GeV
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MSUGRA Reach

@ Full Analysis resultts:

A,=0, tarB=45u>0, m= 172.6 GeV

LHC7 - All Channels

600 GeV.

500 GeV

m, (GeV,
650 GeV < mz < 1.1
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MSUGRA Reach

@ Full Analysis resultts:

A,=0, tarB=45u>0, m= 172.6 GeV

LHC7 - All Channels

600 GeV.

500 GeV

m, (GeV,
650 GeV < mz < 1.1
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Disclaimer

® However:
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Disclaimer

® However:

@ Results assume O% systematic error for the BG!
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Disclaimer
® However:

@ Results assume O% systematic error for the BG!
@ LO results! (no k-factors included)
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Disclaimer
® However:

@ Results assume O% systematic error for the BG!
8 LO resurts! (no k-factors included)
A, =0, tar3 =45u>0, ms= 172.6 GeV

LHC? - All Channels

500 GeV.

1000 1500 2000
m, (GeV)

2500
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Disclaimer

® However:

@ Results assume O% systematic error for the BG!
@ LO results! (no k-factors included)

A, =0, tar3 =45u>0, ms= 172.6 GeV

LHC? - All Channels

D A proper reach analysis
has to Be ultimately
done By the
experimental Groups:

@ Full detector
simulation

500 GeV- @ Data driv;rx B&

@ Systematical
error effects
(NLO, PDFs.)

1000 1500 2000
m, (GeV)

2500
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Reach M-R.ay

@ Which channels are relevant?

A,=0, tarB=45u>0, m= 172.6 GeV

LHC7 - Channel Reach at 1 fo™
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Reach M-R.ay

@ Which channels are relevant?
d

A,=0, tarB=45u>0, m= 172.6 GeV

LHC7 - Channel Reach at 1 fo™
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Reach M-R.ay

@ Which channels are relevant?

o
@ Complementary signals:

A,=0, tarB=45u>0, m= 172.6 GeV

LHC7 - Channel Reach at 1 fo™
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Reach M-R.ay

@ Which channels are relevant?

@ Multi-jets + F7: largest cross-sections — maximum reach
@ Complementary signals:
® Multi-b’s

A,=0, tarB=45u>0, m= 172.6 GeV

LHC7 - Channel Reach at 1 fo™
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Reach M-R.ay

@ Which channels are relevant?

@ Multi-jets + F7: largest cross-sections — maximum reach
@ Complementary signals:

® Multi-b’s

® Multi-leptons

A,=0, tarB=45u>0, m= 172.6 GeV

LHC7 - Channel Reach at 1 fo™
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Reach M-R.ay

my, (GeV)

1000 1500
m, (GeV)

«0O>» <F»r <
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Reach M-R.ay

m_(GeV)

500 GeV ™

1000 1500
m, ( GeV)
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Reach M-R.ay

m_(GeV)

500 GeV ™

1000 1500
m, ( GeV)
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MSUGRA Reach
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MSUGR_A Reach

@ SPSla’:
mo =70 GeV, my,», = 250 GeV, Ag = -300 GeV, tan 8 = 10
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MSUGR_A Reach

@ SPSla™

mo =70 GeV, my,», = 250 GeV, Ag = -300 GeV, tan 8 = 10

® mg =608 GeV, mg ~ 550 GeV, m3 = 98 GeV, mz =108 GeV
@ Qh? =0.11, da, = 38 x 1071, BF(b — sy) = 2.6 x 10~*
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MSUGR_A Reach

@ SPSla*:
mo =70 GeV, my,», = 250 GeV, Ag = -300 GeV, tan 8 = 10
® mg = 608 GeV, mg ~ 550 GeV, my =98 GeV, myz, = 108 GeV
@ Qh? =0.11, da, = 38 x 1071, BF(b — sy) = 2.6 x 10~*
@ Visiele at: n(j)> 2, #r > 200 GeV, (S = 909, BG = 460)
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MSUGR_A Reach

@ SPSla*:
mo =70 GeV, my,», = 250 GeV, Ag = -300 GeV, tan 8 = 10
® mz = 608 GeV, mz ~ 550 GeV, my = 98 GeV, mz = 108 GeV
@ Qh? =0.11, da, = 38 x 1071, BF(b — sy) = 2.6 x 10~*
@ Visiele at: n(j)> 2, #r > 200 GeV, (S = 909, BG = 460)

D MmSUGR A Best Fit:
mo = 60 GeV, my/, = 310 GeV, Ay = 130 GeV, tan 8 = 11
( O. Buchmueller et al., Eur.Phys.J.C64:391-415,2009 )
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MSUGR_A Reach
® SPSla:

mo =70 GeV, my,», = 250 GeV, Ag = -300 GeV, tan 8 = 10

® mz = 608 GeV, mz ~ 550 GeV, my = 98 GeV, mz = 108 GeV
@ Qh? =0.11, da, = 38 x 1071, BF(b — sy) = 2.6 x 10~*

@ Visiele at: n(j)> 2, #r > 200 GeV, (S = 909, BG = 460)
D MmSUGR A Best Fit:

mo = 60 GeV, my/, = 310 GeV, Ay = 130 GeV, tan 8 = 11

( O. Buchmueller et al., Eur.Phys.J.C64:391-415,2009 )

@ mgz = 740 GeV, mgz ~ 650 GeV, my = 122 GeV, mz =129 GeV
@ Qh? =0.08, da, =27 x 1070, BF(b — sy) =3.1 x 10~4
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MSUGR_A Reach

@ SPSla*:
mo =70 GeV, my,», = 250 GeV, Ag = -300 GeV, tan 8 = 10
® mz = 608 GeV, mz ~ 550 GeV, my = 98 GeV, mz = 108 GeV
@ Qh? =0.11, da, = 38 x 1071, BF(b — sy) = 2.6 x 10~*
@ Visiele at: n(j)> 2, #r > 200 GeV, (S = 909, BG = 460)

D mSUGRA Best Fit:
mo = 60 GeV, my/, = 310 GeV, Ay = 130 GeV, tan 8 = 11
( O. Buchmueller et al., Eur.Phys.J.C64:391-415,2009 )
@ mgz = 740 GeV, mgz ~ 650 GeV, my = 122 GeV, mz =129 GeV
@ Qh? =0.08, da, =27 x 10710, BF(b — sy) =3.1 x 104
o Visisle at: n(j) > 2, 1 > 300 GeV, (S = 221, BG = 109)

Andre Lessa



MSUGR_A Reach

@ SPSla*:
mo =70 GeV, my,», = 250 GeV, Ag = -300 GeV, tan 8 = 10
® mz = 608 GeV, mz ~ 550 GeV, my = 98 GeV, mz = 108 GeV
@ Qh? =0.11, da, = 38 x 1071, BF(b — sy) = 2.6 x 10~*
@ Visiele at: n(j)> 2, #r > 200 GeV, (S = 909, BG = 460)

D mSUGRA Best Fit:
mo = 60 GeV, my/, = 310 GeV, Ay = 130 GeV, tan 8 = 11
( O. Buchmueller et al., Eur.Phys.J.C64:391-415,2009 )
@ mgz = 740 GeV, mgz ~ 650 GeV, my = 122 GeV, mz =129 GeV
@ Qh? =0.08, da, =27 x 10710, BF(b — sy) =3.1 x 104
o Visisle at: n(j) > 2, 1 > 300 GeV, (S = 221, BG = 109)

@ SUGR A Best Fit (FP):
mo = 2550 GeV, my;, = 370 GeV, Ag = 1730 GeV, tan 3 = 51
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MSUGR_A Reach

@ SPSla*:
mo =70 GeV, my,», = 250 GeV, Ag = -300 GeV, tan 8 = 10
® mz = 608 GeV, mz ~ 550 GeV, my = 98 GeV, mz = 108 GeV
@ Qh? =0.11, da, = 38 x 1071, BF(b — sy) = 2.6 x 10~*
@ Visiele at: n(j)> 2, #r > 200 GeV, (S = 909, BG = 460)

D mSUGRA Best Fit:
mo = 60 GeV, my/, = 310 GeV, Ay = 130 GeV, tan 8 = 11
( O. Buchmueller et al., Eur.Phys.J.C64:391-415,2009 )
@ mgz = 740 GeV, mgz ~ 650 GeV, my = 122 GeV, mz =129 GeV
@ Qh? =0.08, da, =27 x 10710, BF(b — sy) =3.1 x 104
o Visisle at: n(j) > 2, 1 > 300 GeV, (S = 221, BG = 109)

@ SUGR A Best Fit (FP):
mo = 2550 GeV, my;, = 370 GeV, Ag = 1730 GeV, tan 3 = 51

@ mz =980 GeV, mgz ~ 2500 GeV, mz = 154 GeV
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MSUGR_A Reach

@ SPSla*:
mo =70 GeV, my,», = 250 GeV, Ag = -300 GeV, tan 8 = 10
® mz = 608 GeV, mz ~ 550 GeV, my = 98 GeV, mz = 108 GeV
@ Qh? =0.11, da, = 38 x 1071, BF(b — sy) = 2.6 x 10~*
@ Visiele at: n(j)> 2, #r > 200 GeV, (S = 909, BG = 460)

D MSUGRA Best Fit:
mo = 60 GeV, my/, = 310 GeV, Ay = 130 GeV, tan 8 = 11
( O. Buchmueller et al., Eur.Phys.J.C64:391-415,2009 )
@ mgz = 740 GeV, mgz ~ 650 GeV, my = 122 GeV, mz =129 GeV
@ Qh? =0.08, da, =27 x 10710, BF(b — sy) =3.1 x 104
o Visiele at: n(j) > 2, £r > 300 GeV, (S = 221, BG = 109)

@ mSUGRA Best Fit (FP):
mo = 2550 GeV, my;, = 370 GeV, Ag = 1730 GeV, tan 3 = 51
@ mz =980 GeV, mgz ~ 2500 GeV, mz = 154 GeV
@ Not visiglel!
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Non mSUGR.A Models

How much of the previous results are model
dependent?
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@ Gauge couwpling unification — GUT at ~ 1010 GeV
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@ Gauae coupling unification — GUT at ~ 1016 GeV

@ Predicts right-handed neutrino (¥ — natural
see—saw Mmechanism

€0 € > CE» ¢«E>» E|= AR

LGRS SUSYOLHC7 - LAPTH




@ Gauae coupling unification — GUT at ~ 1016 GeV

@ Predicts right-handed neutrino (¥ — natural
see—saw Mmechanism

@ Restores left-right symmetry
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@ Gauae coupling unification — GUT at ~ 1016 GeV

@ Predicts right-handed neutrino (¥ — natural
see—saw Mmechanism

@ Restores left-right symmetry

@ R -Parity is automatically conserved (in some
models)

€0 € > CE» ¢«E>» E|= AR

LGRS SUSYOLHC7 - LAPTH




@ Gauae coupling unification — GUT at ~ 1016 GeV

@ Predicts right-handed neutrino (¥ — natural
see—saw Mmechanism

@ Restores left-right symmetry

@ R -Parity is automatically conserved (in some
models)

@ Viarle leptogenesis scenarios..
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Minimal SO(ION
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Minimal SO(IO)

@ All the matter content £its in one multiplet:

16 = 10 o 5 o 1
0 —u¢ u d d°
0 uc u d d€
v = 0 &5, ® v
0 et e~
0
<O> «F> «Er «Er E= HAQ
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Minimal SO(IO)

@ All the matter content £its in one multiplet:

16 = 10 P 5 o 1
0] —u¢ u d e
0 uc u d d€
(VA 0] @ e A
0 et e
0]
@ Naturally has 2 wesk Hiaas dourlets:
10 = 5 @ 5
4 Su éd
o= (5 ) ()
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Minimal SO(IO)

@ All the matter content £its in one multiplet:

16 = 10 & 5 o 1
0 —u¢ u d d°
0 uc u d Cla
v = 0 D @ v
0 et e
0

@ Naturally has 2 weak Hiaas douslets:
10 = 5 @ 5

7 §u 5(/
= () ()

(Minimal Yukawa coupline: Lyu = FUT,WH, = f = f, = |

0> €5 > «E» ¢ E

iy
u
\)
»
i)
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Minimal SOIO)

@ Model parameters:
mie, Mio,

D> M1/2, Ao, tan 3, sign(j)
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Minimal SO(IO)

® Model parameters:
mie, Mio,

D, m1/27 A07 tan ﬁ? S/gn(u)
D Unification is ortained at the < 1% level, if:
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Minimal SO(IO)

® Model parameters:
mie, Mio,

D, m1/27 A07 tan ﬁ? S/gn(u)
D Unification is ortained at the < 1% level, if:

® myg ~ 3-15 TeV (heavy scalars)
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Minimal SO(IO)

® Model parameters:
mye, Mo,

D, m1/27 A07 tan ﬁa S/gn(u)
D Unification is ortained at the < 1% level, if:

® myg ~ 3-15 TeV (heavy scalars)
8 myp < myg (light Gluino)
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Minimal SO(IO)

® Model parameters:
mye, Mo,

D, m1/27 A07 tan ﬁa S/gn(,u)
D Unification is ortained at the < 1% level, if:

® myg ~ 3-15 TeV (heavy scalars)
8 myp < myg (light Gluino)

@ myg ~ 1.2mg and mp ~ 0.5myg (EWSB)
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Minimal SO(IO)

@ Model parameters: ;
mye, m1o, Mp, my /2, Ao, tan 3, sign(s)

D Unification is ortained at the < 1% level, if:
® myg ~ 3-15 TeV (heavy scalars)

8 myp < myg (light Gluino)

@ myg ~ 1.2mg and mp ~ 0.5myg (EWSB)
@ Ag~ —2mys and tan 5 ~ 50
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Minimal SO(IO)

@ Model parameters: ;
mig, M10, Mp, my 2, Ao, tan 3, sign(u)
D Unification is ortained at the < 1% level, if:

® myg ~ 3-15 TeV (heavy scalars)
8 myp < myg (light Gluino)

@ myg ~ 1.2mg and mp ~ 0.5myg (EWSB)
@ Ag~ —2mys and tan 5 ~ 50
D MCMC scan:

B max[fe,fp, fr]
 min[f,fp,fr]

R < 18

8000 10000}

2000 4000 6000 2000 4000 6000 8000
m,, m

10000]
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Minimal SO(IO)

@ Benchmark Point (DR3r):
mg =321 GeV, my, R = 115 GeV,

=114 GeV, mz &= 47 GeV,

mt A24TeV mp = 1.4 TeV
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Minimal SO(IO)

@ Benchmark Point (DR.3r):
mg = 321 GeV, my, = = 115 GeV,
=114 GeV, ms = 47 GeV,

mt f24TeV mg, —14TeV

10 160 100 1F 1 10 J\TQJ(%G\J/?’ 100 102 10° 10 10° 10"
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Minimal SO(IO)

® Benchmark Point (DR3e): . B A
mg = 321 GeV, my;, = 115 GeV,
5, = 114 GeV, m1—47GeV ¥y

mt f24TeV mg, —14TeV

10 160 100 1F 1 10 J\TQJ(%G\J/?’ 100 102 10° 10 10° 10"
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Minimal SO(IO)

@ Benchmark Point (DR3R)
mg =321 GeV, m

~1:115 GeV,
_114 GeV, ms 1—47 GeV,
mt 424TeV mp = 1.4 TeV

10 160 100 1F 1 10 J\FQJ(%G\J/?’ 100 102 10° 10 10° 10"
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DR.3 R.each

mg < 650 GeV
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DR.3 Reach

mg 5 650 GeV

= Once aaain aarees with estimated reach!

Andre Lessa

Ll T |
SUSY®LHC7 - LAPTH

E»




DR.3 Reach

= Can exclude models with
B unification up to I0% !
mz < 650 GeV
= Once aaain aarees with estimated reach!
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Minimal SO(IO)

D@ Measuring Mmasses? woe cus, n(b) > 4)

- Tyl
B o
S
= m(b, b) < mg — m3,
I P
e
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Minimal SO(IO)

D@ Measuring masses? woe cus,

n(b) > 4)

- Z2 ]; h fon level (no cuts)-00)
2 b 3b + BG
S )
= m( D, D) m3,
g
~E0 :

= m(b, b) < mz — m5

Z
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Effective Supersyvmmetry (ESUSY)

@ DR 3: motivated By high scale physics (Mgyt)

o But m;j ~ 1S - 4 TeV
— larae fine—tunning to staegilize the E\W scale
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Effective Supersymmetry (ESUSY)

@ DR 3: motivated By high scale physics (Mgyt)

o But m;j ~ 1S - 4 TeV
— larae fine—tunning to staegilize the E\W scale

@ ESUSY: motivated By low eneray physics and
naturalness
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Effective Supersymmetry (ESUSY)

@ DR 3: motivated By high scale physics (Mgyt)
o But m;j ~ IS - 4 TeV
— larae fine—tunning to staegilize the E\W scale
@ ESUSY: motivated By low eneray physics and
naturalness

2 'light" third ceneration scalars and charainos
= preserves naturalness
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Effective Supersymmetry (ESUSY)

@ DR 3: motivated By high scale physics (Mgyt)
o But m;j ~ IS - 4 TeV

— larae fine—tunning to staegilize the E\W scale
@ ESUSY: motivated By low eneray physics and
naturalness

2 'light" third ceneration scalars and charainos
= preserves naturalness

@ heavy Ist/2nd ceneration scalars

= satisfies flavor and CP constraints

Andre Lessa

Ll T |
SUSY®LHC7 - LAPTH




Effective Supersymmetry (ESUSY)

@ DR 3: motivated By high scale physics (Mgyt)

o But m;j ~ 1S - 4 TeV
— larae fine—tunning to staegilize the E\W scale

@ ESUSY: motivated By low eneray physics and
naturalness

2 'light" third ceneration scalars and charainos
= preserves naturalness

@ heavy Ist/2nd ceneration scalars
= satisfies flavor and CP constraints
@ Unlike DR.3, can have heavy aluinos!
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® At the wesk scale:

1 TeV
1 TeV
10-100 TeV

t,7.b

3
z
|
LV RN A




ESUSY - Phenomenoloay

® Some signal topoloaies:

Andre Lessa

Ll T |
SUSY®LHC7 - LAPTH

it
v




ESUSY - Phenomenoloay

® Some signal topoloaies:
@ Light Gluino:

z
.

’ t
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ESUSY - Phenomenoloay

® Some signal topoloaies:

o Light Gluino: o Heavy Gluino:

Zl 5 zl‘vbi

a7 g
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ESUSY - Phenomenoloay

® Some signal topoloaies:

o Light Gluino: o Heavy Gluino:

Zl 5 zl‘vbi

. e
K EAT Multi-b jets
¢ TS

Kt + leptons

Soft jets and/or leptons
W W (if my, ~ mzl)
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ESUSY - Phenomenoloay

@ Benchmark points:
@ ESI:

mg = 524 GeV, my = 656 GeV, ms = 69 GeV, My, b 7
e ESL:

~1-—2TeV
mz = 2.4 TeV, mz = 612 GeV, my = 441 GeV, My 0.8—1.4 TeV
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ESUSY - Phenomenoloay

@ Benchmark points:
@ ESI:

mg = 524 GeV, my = 656 GeV, my = 69 GeV, m: ; . ~1—2TeV

2, bi, Ti
) ES?.:
mz = 2.4 TeV, mz = 612 GeV, my = 441 GeV, My 0.8—1.4 TeV

@ LHC signal:

Cuts: E/*> 100 GeV, n( 4, p.() > 50 GeV, p(l) > 10 GeV, $> 0.2




Conclusions

@ HC1 already has 35 pe~! of data!
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Conclusions

@ HC1 already has 35 pe~! of data!

@ Several interesting cases can re excluded:
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Conclusions

@ HC1 already has 35 pe~! of data!

unified

@ Several interesting cases can e excluded:
8 Low fine—tunning, Best fits, SO(O) Yukawa
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Conclusions

@ HC1 already has 35 pe~! of data!

@ Several interesting cases can e excluded:
8 Low fine—tunning, Best fits, SO(O) Yukawa
unified

@ The first sianal should appear in 8 hadronic channel
(jets + 77 or b-jets + 1)
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Conclusions

@ HC1 already has 35 pe~! of datal

@ Several interesting cases can e excluded:
8 Low fine—tunning, Best fits, SO(O) Yukawa
unified

@ The first sianal should appear in 8 hadronic channel
(jets + 77 or b-jets + 1)

@ Complementary mukti-lepton and multi-g channels
will give a hint of the underlying model
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Conclusions

@ HC1 already has 35 pe~! of datal

@ Several interesting cases can e excluded:
8 Low fine—tunning, Best fits, SO(O) Yukawa
unified

@ The first sianal should appear in 8 hadronic channel
(jets + 77 or b-jets + 1)

@ Complementary mukti-lepton and multi-g channels
will give a hint of the underlying model

@ |f we are lucky, several new physics mass scales will
ge inferred from data (mass edaes, Mg, mrs..)
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Conclusions

@ For mSUGRA:
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Conclusions

@ For mSUGRA:

@ A larae portion of parameter space should re
prored even in the first run:

650 GeV < m; < 1.1 TeV
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Conclusions

@ For mSUGRA:

@ A larae portion of parameter space should re
prored even in the first run:

650 GeV < mg < 1.1 TeV
= Dougrles the current (2 £&~1 CDF/DO rounds!
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Conclusions

@ For mSUGRA:

@ A larae portion of parameter space should re
prored even in the first run:

650 GeV < mg < 1.1 TeV
= Dougrles the current (2 £&~1 CDF/DO rounds!

8 Several DM consistent scenarios can Re excluded
(except for FP/HB)
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Conclusions

@ For mSUGRA:

@ A larae portion of parameter space should re
prored even in the first run:

650 GeV < mg < 1.1 TeV
= Dougrles the current (2 £&~1 CDF/DO rounds!

8 Several DM consistent scenarios can Re excluded
(except for FP/HB)

@ Non-mSUGR A scenarios:
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Conclusions

@ For mSUGRA:

@ A larae portion of parameter space should re
prored even in the first run:

650 GeV < mg < 1.1 TeV
= Dougrles the current (2 £&~1 CDF/DO rounds!

8 Several DM consistent scenarios can Re excluded
(except for FP/HB)

@ Non-mSUGR A scenarios:

@ Can Be more challenGing: multti b-jets, monojets,
soft Fr spectrum
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Conclusions

@ For mSUGRA:

@ A larae portion of parameter space should re
prored even in the first run:

650 GeV < mg < 1.1 TeV
= Dougrles the current (2 £&~1 CDF/DO rounds!

8 Several DM consistent scenarios can Re excluded
(except for FP/HB)

@ Non-mSUGR A scenarios:

@ Can Be more challenGing: multti b-jets, monojets,
soft Fr spectrum

Thanks!
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BaCkuP Slides
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Simulation Details

@ Backaround Simulation: AlpGen (MLM matching) + Pythia

Cross nuwBer of

SM process section events
QCD: 2, 3 and 4 jets 3.0 x 107 fb 26M
tt: tt + 0, 1 and 2 jets 1.6 x 10° fb 5M
bb: bb + 0, 1 and 2 jets 8.8 x 107 fb 91M
Z + jets: Z/y(— [l,up) + 0, 1, 2 and 3 jets 8.6 x 10° fb 13M
W + jets: WE(— Iv) + 0, 1, 2 and 3 jets 1.8 x 107 fb 19M
Z + tt: Z/y(— [l,v7) + tt + 0, 1 and 2 jets 53 fb 0.6M
Z + bb: Z/y(— I1,v5) + bb + 0, 1 and 2 jets | 2.6 x 103 fb 0.3M
W + bb: WE(— Iv) + bb + 0, 1 and 2 jets 6.4 x 10° fb oM
W + tt: WE(— Iv) + tt + 0, 1 and 2 jets 1.8 x 10% fb oM
W + tb: WE(— Iv) + tb(th) 6.8 x 10% fb 0.025M
tttt 0.6 fb 1M
ttbb 1.0 x 102 fb 0.2M
bbbb 1.1 x 10* fb 0.07M
WW: W=(— Iv) + WE(— Iv) 3.0 x 103 fb 0.005M
WZ: WE(— Iv) + Z(— all) 3.4 x 10° fb 0.009M
ZZ: Z(— all) + Z(— all) 4.0 x 103 fb 0.02M
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Simulation Details

@ Signal Simulation:

@ lIsajet 7.79 (all 2 — 2 susy processes)
@ Detector Simulation:

@ Toy detector with

® Energy smearing

® b-tag efficiency (60 %) and mistagging
® Cone jet algorithm

@ Luminosity:

@ > 1fb~! for BG (except QCD)
@ > 2 fb~1! for Signal
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d But.

@ Kt has just Been measured at low Er events
@ Fake Fr arows with Y Et

@ SUSY searches usually reauire £+ ~ 100 — 500 GeV
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d But.

@ Kt has just Been measured at low Er events
@ Fake Fr arows with Y Et
@ SUSY searches usually reauire £+ ~ 100 — 500 GeV

@ Just in case, what can Be done without Zr7
® Multi-u channels (clean signal)
@ Dijet channel (agTs)

@ Multi-lepton (e + p), if electron ID is reliable
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d But.

@ Kt has just Been measured at low Er events
@ Fake Ft arows with > Er

& SUSY searches usually require #r ~ 100 — 500 GeV

@ Just in case, what can Be done without Zr7

® Multi-u channels (clean signal)
@ Dijet channel (agTs)

@ Multi-lepton (e + p), if electron ID is reliable

Cuts: n()2 4, (1) > 100 GeV, f) > 10 GeV, $> 0.2

g
=
2
g
2
i}
*
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*

2 2§

5 5

d But.

@ Kt has just Been measured at low Er events
@ Fake Fr arows with Y Et
& SUSY searches usually require #r ~ 100 — 500 GeV

@ Just in case, what can Be done without Zr7

® Multi-u channels (clean signal)
@ Dijet channel (agTs)

@ Multi-lepton (e + p), if electron ID is reliable

Cuts: n()2 4, (1) > 100 GeV, f) > 10 GeV, $> 0.2

# Events [1 fB]

09
m(I') (GeV)

a
u]
a
]
v
N
it
N
it
i
u
&)
»
?
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0, tarf = 45,1 > 0, m = 172.6 GeV/ b (1)
33 b (1)
116 (W)
LHCT7 - C,,, (0S) o'+ €)
- — 0.33fb (u +¢)
%1 it ( + €)

1
0.
0.
1
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A= 0, tar = 454> 0, m = 172.6 GeV

LHCT7 - C,,, (0S)

@ At low mg (mg ~ mg)
— dijet channel

@ At "high” mg (mg 2 mg)
— OS/SF channel
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B (1)
033 1’

— 0.33fb' (1 +¢)
%1 it ( + €)

@ At low mg (mg ~ mg)
— dijet channel

@ At "high” mg (mg 2 mg)
— OS/SF channel

for 0.33 fb—1:

500 GeV < my < 650 GeV
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A= 0, tar = 454> 0, m = 172.6 GeV

LHCT7 - C,,, (0S)

@ At low mg (mg ~ mg)
— dijet channel

@ At "high” mg (mg 2 mg)
— OS/SF channel
for 0.33 fb—1:

GeV < mz S 650 GeV

— Already competitive with
Tevatron rounds!
(mg = 300 — 400 GeV)
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MSUGR_A Reach

@ Some Benchmark points:
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MSUGR_A Reach

@ Some Benchmark points:

@ SPSla'*:
mo = 70 GeV, my , =250 GeV, Ay = -300 GeV, tan 3 = 10
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MSUGR_A Reach
@ Some Benchmark points:
® SPSla*:

mo =70 GeV, my,» =250 GeV, Ag = -300 GeV, tan 8 = 10

@ mz = 608 GeV, mz ~ 550 GeV, mz = 98 GeV, mz = 108 GeV
@ Qh? =0.11, da, =38 x 10710, BF(b — s7) = 2.6 x 10~*
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MSUGR_A Reach

@ Some Benchmark points:

@ SPSla™
mo =70 GeV, my,» =250 GeV, Ag = -300 GeV, tan 8 = 10

@ mz = 608 GeV, mz ~ 550 GeV, mz = 98 GeV, mz = 108 GeV
@ Qh? =0.11, da, =38 x 10710, BF(b — s7) = 2.6 x 10~*
@ Visible at: n(j) > 2, #r > 200 GeV, (S =909, BG = 460)
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MSUGR_A Reach

@ Some Benchmark points:

@ SPSla*:
mo =70 GeV, my,» =250 GeV, Ag = -300 GeV, tan 8 = 10
@ mz = 608 GeV, mz ~ 550 GeV, mz = 98 GeV, mz = 108 GeV

@ Qh? =0.11, da, =38 x 10710, BF(b — s7) = 2.6 x 10~*
@ Visible at: n(j) > 2, #r > 200 GeV, (S =909, BG = 460)

D mSUGRA Best Fit:
mo = 60 GeV, my» = 310 GeV, Ap = 130 GeV, tan 8 = 11
( O. Buchmueller et al., Eur.Phys.J.C64:391-415,2009 )
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MSUGR_A Reach

@ Some Benchmark points:

@ SPSla*:
mo =70 GeV, my,» =250 GeV, Ag = -300 GeV, tan 8 = 10
@ mz = 608 GeV, mz ~ 550 GeV, mz = 98 GeV, mz = 108 GeV

@ Qh? =0.11, da, =38 x 10710, BF(b — s7) = 2.6 x 10~*
@ Visible at: n(j) > 2, #r > 200 GeV, (S =909, BG = 460)

@ mSUGRA Best Fit:
mo = 60 GeV, my» = 310 GeV, Ap = 130 GeV, tan 8 = 11
( O. Buchmueller et al., Eur.Phys.J.C64:391-415,2009 )
® mg =740 GeV, mg ~ 650 GeV, m3 =122 GeV, mz, =129 GeV
@ Qh? =0.08, da, =27 x 100, BF(b — sy) = 3.1 x 10~*
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MSUGR_A Reach

@ Some Benchmark points:

@ SPSla™
mo =70 GeV, my,» =250 GeV, Ag = -300 GeV, tan 8 = 10

@ mz = 608 GeV, mz ~ 550 GeV, mz = 98 GeV, mz = 108 GeV
@ Qh? =0.11, da, =38 x 10710, BF(b — s7) = 2.6 x 10~*
@ Visible at: n(j) > 2, #r > 200 GeV, (S =909, BG = 460)

@ mSUGRA Best Fit:
mo = 60 GeV, my» = 310 GeV, Ap = 130 GeV, tan 8 = 11
( O. Buchmueller et al., Eur.Phys.J.C64:391-415,2009 )
® mg =740 GeV, mg ~ 650 GeV, m3 =122 GeV, mz, =129 GeV
@ Qh? =0.08, da, =27 x 100, BF(b — sy) = 3.1 x 10~*
@ Visible at: n(j) > 2, #r > 300 GeV, (S =221, BG = 109)
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MSUGRA Reach
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MSUGR_A Reach

@ mSUGRA Rest Fit (FP):
mo = 2550 GeV, my/, = 370 GeV, Ag = 1730 GeV, tan 3 = 51
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MSUGR_A Reach

@ mSUGRA Rest Fit (FP):
mo = 2550 GeV, my/, = 370 GeV, Ag = 1730 GeV, tan 3 = 51

@ mz =980 GeV, mgz ~ 2500 GeV, mz = 154 GeV
@ Qh? =4.4,0a, =3 x 107, BF(b— sy) =3.1 x 10~*
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MSUGR_A Reach

@ mSUGRA Rest Fit (FP):
mo = 2550 GeV, my/, = 370 GeV, Ag = 1730 GeV, tan 3 = 51

@ mz =980 GeV, mgz ~ 2500 GeV, mz = 154 GeV
@ Qh? =4.4,0a, =3 x 107, BF(b— sy) =3.1 x 10~*
@ Not visible!
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MSUGR_A Reach

@ mSUGRA Rest Fit (FP):
mo = 2550 GeV, my/, = 370 GeV, Ag = 1730 GeV, tan 3 = 51

@ mz =980 GeV, mgz ~ 2500 GeV, mz = 154 GeV
@ Qh? =4.4,0a, =3 x 107, BF(b— sy) =3.1 x 10~*
@ Not visible!

@ NUHM| Best Fit:
mo = 150 GeV, my /5 = 270 GeV, my = 1095 GeV, Ay = -1300
GeV, tanp =11
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MSUGR_A Reach

@ mSUGRA Rest Fit (FP):
mo = 2550 GeV, my/, = 370 GeV, Ag = 1730 GeV, tan 3 = 51

@ mz =980 GeV, mgz ~ 2500 GeV, mz = 154 GeV
@ Qh? =4.4,0a, =3 x 107, BF(b— sy) =3.1 x 10~*
@ Not visible!

@ NUHM| Best Fit:
mo = 150 GeV, my /5 = 270 GeV, my = 1095 GeV, Ay = -1300
GeV, tanp =11
® mg = 658 GeV, mg ~ 600 GeV, my = 110 GeV
@ Qh? =0.05, §a, =33 x 1071, BF(b — sy) = 3.9 x 104
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MSUGR_A Reach

@ mSUGRA Rest Fit (FP):
mo = 2550 GeV, my/, = 370 GeV, Ag = 1730 GeV, tan 3 = 51

@ mz =980 GeV, mgz ~ 2500 GeV, mz = 154 GeV
@ Qh? =4.4,0a, =3 x 107, BF(b— sy) =3.1 x 10~*
@ Not visible!

@ NUHM| Best Fit:
mo = 150 GeV, my /5 = 270 GeV, my = 1095 GeV, Ay = -1300
GeV, tanp =11
® mg =658 GeV, mg ~ 600 GeV, m3 =110 GeV

@ Qh? =0.05, §a, =33 x 1071, BF(b — sy) = 3.9 x 104
@ Visible at: n(j) > 2, #r > 300 GeV, (S = 465, BG = 124)
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Side Note - MSSM Hiaas

@ Most likely LHCT will not Be aele to discover a
licht SM Hiaas

@ my <150 GeV — h — bb (HUGE rackaround)
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Side Note - MSSM Hiaas

@ Most likely LHCT will not Be aele to discover a
licht SM Hiaas

@ my <150 GeV — h — bb (HUGE rackaround)
@ However.. if his produced in susy cascade decays:

h+ Zi — bb+ Bt (smwall B&G)
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Side Note - MSSM Hiaas

@ Most likely LHCT will not Be aele to discover a
licht SM Hiaas

@ my <150 GeV — h — bb (HUGE rackaround)

@ However.. if his produced in susy cascade decays:
h+ Zi — bb+ Bt (smwall B&G)

m, = 330 GeV, m, = 330 GeV, A= 0, tarp = 10, m = 172.6 GeV

m, = 111.5 GeV

E**> 250 GeV,

n(j) = 4, n(be 2, n(l) =0,

p,(1) > 100 GeV, $> 0.2

BF(Z» — Zy + h) = 80 %

200
m(b,b,) (GeV)
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Side Note - MSSM Hiaas

@ Most likely LHCT will not Be aele to discover a
licht SM Hiaas

@ my <150 GeV — h — bb (HUGE rackaround)

@ However.. if his produced in susy cascade decays:
h+ Zi — bb+ Bt (smwall B&G)

m, = 330 GeV, m, = 330 GeV, A= 0, tarp = 10, m = 172.6 GeV

m, = 111.5 GeV

E**> 250 GeV,

n(j) = 4, n(be 2, n(l) =0,

p,(1) > 100 GeV, $> 0.2

BF(Z» — Zy + h) = 80 %
= Hope?
200
m(b,b,) (GeV)
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