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SUSY Models and Signatures

generic squarks and gluinos

usual* mSUGRA
‘ sbottom and stop

mO m1/2 'Ab
tan £ sign(w)

gauginos — leptons

i stopping gluinos
gluino metastable ppIng g

lepton-lepton couplings
MSUGRA RPV
R-parity violated

lepton-quark couplings

LSP = light gravitino photons + missing energy

AMSB
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long lived heavy charged particles

LIMITS 95%
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MSUGRA analyses

generic squarks and gluinos
‘usual‘ mSUGRA ‘ sbottom and stop

gauginos — leptons

R conserved

mO
rn1/2
A

tan 5
sign( )

LSP = 4,

missing energy

Note:
stop or sbottom might be light
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Squarks and gluinos: jets and missing energy

e.g:
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Stop
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Charginos/Neutralinos —Leptons

trilepton
+missing
energy

signhatures:
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"Split SUSY”’

i stopping gluinos
gluino metastable ppIng g

split mass scales:

S

form "R hadrons’

" heavy sfermions } gluinos § long lived

light gauginos
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Split SUSY: stopping gluinos

char'ged R
stops in detector :
P . D@ Preliminary (L=350pb™)
ISOTF‘ dZCGy _) Jet + X __ Background
! mOHOjet I ? — Signal (m_=400'GeV, xs=0.62pb)
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: beam halo
1:_ L 2 3 L 3
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MSUGRA with R-parity violation

1 _ . — 1.
WIRP :Eﬂ“ijk L Lj E, +2’ijk L\Qj D, +E;tijkui Dj D,
i | ] l
\ \ J I
. Y difficult for
family lepton number violation hadron colliders

indices

lepton-lepton couplings (LLE)
MSUGRA RPV

R-parity violated lepton-quark couplings (LQD)

R _ (_1)3(B—L)+28

LSP unstable |
? dark matter ?

assume: only one RPV coupling A #0
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R-Parity Violation: LLE couplings 4

- production of SUSY particlesin pp : ﬁ"k L\ LEk
J J
R conserving, two SUSY particles,
+ 0
€9 1 X
Uy
- decay: R violating, e.g.
)\122
e
% < p*
2

decay prompt, phenomenology independent of coupling
b) A < O(107%)

long lived particle, decay inside detector
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" Large LLE couplings: prompt decays
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" Small LLE couplings: long lived (MSSM)
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® R-Parity Violation: LQD couplings l'ijk(prorﬁfoz{sw

A) stop pairs
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R-Parity Violation: LQD couplings 4'i (prompt)

B) resonant slepton production = 000 0oz
S B 0.04 ‘g
g me E 500 =
ﬂ/' 0.06 3
s
211 466 0.08 cé
01 8
S
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mass limits m(l) < 340 GeV for Ayyy > 0.06
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Gauge Mediated SUSY Breaking

—~ M
LSP =G \
missing energy N
here: tén X
NLSP = 7°— 7 G z'g”(“)
grav

LSP = light gravitino photons + missing energy
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GMSB: 2 photons + MET (prompt)

quark-antiquark pair

NLSP =

k : — —
quark e.g. M = 2@ N . -1
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Lo tanf=15 wu>0
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Anomaly Mediated SUSY Breaking

hidden sector

susy masses through loops

long lived heavy charged particles

ass degeneracies
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Long lived staus Or charginos

6MSB: decay 7 —7 G suppressed

AMSB: mass difference 7 — y. small

——> heavy charged particle traversing slowly DO detector
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P b1
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Summary and outlook

Multitude of SUSY corners and signatures explored
Stringent limits were set

Significant improvements compared to Tevatron Run |
(signal types analyzed and signal sensitivity)

Tevatron limits often exceed LEP/Hera bounds or are
complementary

0.2-1.1/fb analyzed, much more to come!
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Sbottom
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Stop pair production
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Solenoid Et Toroid
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DO

Liquid Argon Calorimeter

Silicon and
Scintillating Fiber Tracker



Central Calorimeter (E H) . 2006-07
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Cross
Sections
atl
Hadron
Colliders
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0 CDF Run ll Preliminary Inclusive 3 Jets Analysis
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CDF long lived neutralino, GMSB decay

CDF Run Il Preliminary, 570 pb’
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CDF di-photon event

eeyyf,Candidate Event
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CDF champ (=stop) search (2003)

CDF Run 2 Preliminary

Entries
Underflaw

Cverflow
Canstant
Mean
Sigma

384

1

0

81589+ 5702
-0.009785 + 0.009696
0.1747 £ 0.005248

80

% [ = CDF Run 2 Prellmlnary
£ 10° 3 = Observed
e - ]
c [ Predicted
a '
Q
Ewo
z 'l' t
1 =
-
10 | 1 1 1
0 05 15 2 25 3

Production cross section (NLO)
- =¥ -: Cross section limit (Stop isolated)

A - - Cross section limit (Stop embedded in jet)

-
-

o
e,

-
----------

IIIIII#IIII.I..IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

110 120 130 140 150

Stop Mass (GeV/c)

90 100

Minimum A, (ns)



e.g.:
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Cross section
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gauginos
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Charginos/Neutralinos — Leptons

signhatures:
ee +elu

pou+elu
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Charginos/Neutralinos — Leptons
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Chiral supermultiplets

' Gauge multiplet | Chiral multiplet

J=1 |J=12]J=1/2 ~J~:O~
g Q..U Dy
W= W° L ,EC
BC H. H.

Charge |Scalar
Q (3,2,+1/3) Q= (UL’dL)
Uc |(3.1.-4/3) | U =u
D¢ (3,1,+2/3) D" =d,
L (1,2,-1) L=(v_..€e)
Ec [(1.1,+2) E‘=¢

H, [(1,2-1) |Hi=(HgH
from Luc Pape HII (1'2!4_1) Hu = (HJ H
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