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» Brief intro to supersymmetry
» SUSY at the Tevatron

» Some selected analyses:

Squarks and gluinos
Scalar top

Photon signatures
Lepton signatures,
RPV searches
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Supersymmetry in 60 seconds

Idea: extend SM with symmetry fermions <> bosons
If realized, lots of new particles to be found!

Many attractions: Low scale supersymmetry protects higgs
mass, provides dark matter candidate, unification @10'® GeV
and consistent with precision top mass fits
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SUSY searches at the Tevatron

SUSY searches attractive from experimental point of view
due to variety of signatures: Lightest Susy
- Missing transverse energy (MET) from stable LSP’sParticle

- multijets from cascade decays

- multileptons e
Main challenge is the small expected -
production cross section ub P
— Need to model SM backgrounds very well |\ =g ¢
— Most searches check predictions in

control regions before looking at data

~ containing possible signal ob
e SUSY,
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MET + jets: squark and gluino

Generic squarks and gluinos strongly produced .50
Cross section @ Tevatron: ~ a few pb <l I

q —~q

EXxpect cascade decays
Signature: lots of MET and > 2 je!

DO result:
e 2,3, 0r 4 jets for the cases: 4 jets: Fit to QCD
My>M, My~M; and My<M, i
e Dominant background differ
Z+jets, W+jets, tt, QCD

D@ Run Il Preliminary

Events /5

O€ U, o '-f_.
e&-fz -« MET > [75, 100, 175] GeV —> b
g _\= * Lepton veto
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MET+jets continued

Expect 4.1 events, observe 3

CDF Run II Preliminary, 254 pl:)'1 = Data

B QcD
Ow, z, ww
Clit

CDEF:

* Req. > 3 jets and MET>165 GeV
- Bkg dominated by Z—vv + jets ;

Blind Box edge

Events / 20 GeV
a

. z byl
» Check: compare data and QCD b L
. . . . 0900 150 =200 250 300
MC in jet domimated region F: [GoV]
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Search for Scalar top

Look for pair production of lightest stop quark o b
~ - L ‘_‘_,....-"""’
Assume equal BR to e, u,t, and v—>vx2 o
Current limit: m ~ > 45 GeV Eﬁ <
Event signature: ~

]

—
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o

— 2 b-jets, OS ey + MET
non-iso track

—
o
o

= a- 7

Signal regions optimized for AM=m; - m;, 3 0SSN gl o) 3080
; SM
Signal expected Obs 70 -

Sneutrino Mass [GeV
[+1) [o2]
o o

AM: 20-40 GeV | 16.43+1.07 |22.99+3.10 | 21

AM: 50-60 GeVv | 18.28+0.72 |34.63+3.96 | 34
60 80 100 120 140 160 180

- AM: >70GeV | 16.70+0.51 |40.66+4.38 | 42 Scalar top Mass [GeV]
==
Result will be combined with previous result in the pp channel
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MET + photons

D& Run Il Preliminary

e vy data
— total BG
°©  BG with true MET

BT
il

60 80 1000 120 140 160

Missing ET, GeV

NLO D& Run |l Breliminary
760+50 pb’’

In Gauge Mediated SUSY breaking
models, LSP Is gravitino.
Typical signature from y decay:

NLSP Assume

p LSP
N prompt
@_) @Y decay
Signature: 2 energetic photons + MET

Backgrounds normalized to data
below MET of 12 GeV

Observe 4 events with MET>45 GeV
Expecting 2.1+0.7

New limit: m(y,)> 220 GeV
Previous limit (CDF + DO0): 209 GeV
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MET + 3 leptons

Expected signature from chargino-neutralino production
Clean signature very attractive for hadron collider -

~
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_/ _/
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DO, 6 channels: Expects: 3.85+0.75, Observes : 4. Signal would be 3-10 events
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D@ Run II Preliminary
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Search for ;73 — 31+X

> M(:2) = 2M(x); M(slepton) > M(x3)
., tan=3, u>0, no slepton mixing

TT T T TT
I I

Preliminary

Expected Limit (no 1)
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------- Expected Limit
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Number of trilepton events / 2 GeV

Example

Channel :
signal

3 leptons: continued

S M CDF Run Il Preliminary,de ‘=607 pb”

up/e +l 2.320.3

O bse rved }3 etettrack selection
expected S0k —
E =aﬁ‘l:¢?{2}!
1.2+0.2 i T

SUSY : y3r;

ee+l 0.5+0.06

10" -

0.2+0.05

U+l (low pt) | 0.2+£0.03

107 |

10

ee+trk 0.7+0.03

1

0
0.1+0.03 0 ok
0.5+0.1 1

; ]
0 20 40 60 80 100 120 140, 160 180 200
Leading Invariant Mass(GeV/c')

__Search for yyy;supteln

| Latt=745 pb d » DATA

CDF RUNPreliminary l:l Drell Yan+y

W [ DDreIIYanﬂets ]

[ |mSUGRA: %715

—L + mass: 113 GeVic®

Search for y;x2— p e + ule

TTT T T LA B L B LB BB L 7 B B BRI B
70 - + CDF Run Prsliminaw(ﬂ.?fbﬂ _q

—— Data ]
60 [

Drell-Yan ]
. Ww

CDF: | =
All observations in o ! e
agreement with SM ol |

20F

predictions N ++f . j
_+_

0 10 20 30 40 50 60 70 80 90 100
Missing transverse E. (GeV)

N events / 5 GeV

0 10 20 30 40 50 60 70 80
Missing Tranverse Energy (GeV)

Stay tuned for updated limits! 10




Low mass LSP decays to 2u+v, r = [5;20]cm, other y escapes

RPV SUSY: Long-lived LSP

Scenario inspired by NuTeV events: Weak R, violation

g —

q —e

~O _~
X 0
1 X :

v'Bkg estimated from data
v'Several cross checks
v Diff as systematics

D@ Run Il Preliminary

loose — B
1 mu + 1 track — D E—
1 mu + 1 track (no isolation) — =fill=
2 tracks pt>10 — ——
Monte Carlo bbbar — ——
¢ u
:‘9% 200 100 0 100 200
,: _ Percentage difference
——
{ Expect 0.75+1.5 events, see 0

v 0
Xl

Now excluding that these
events are SUSY ¥ :

D@ Run Il Preliminary

NuTeV 99% Exclusion

X) (pb)

L W+
i [ Y R N N - — Y
a0 RYQAUQALY/UYL

" DO 95% Exclusion (Preliminary)

2NP) x BF(N

c(p[:_)% N
oA

10°10°10%10310210" 1 10 10% 10° 10° 10°
lifetime (10° s)



@ RPV: 4 leptons

Now assume prompt decay L I A,
~— ~ ~ @ 4 oY +y
> 4 |leptons from yx and q,g decays - s
] 8 RpV SUSY (i;yy)

M =099.4 GeVic?
f

" Yukawa term:
A Y V1T S =

i;ﬂ PR ] '—'_I_I_
wm. Analysis accepts e and p " riilepton Inv. Mass (GeVICY

“¢* = sensitive to A,,; and A, Trilepton CR’s

~ CDF Run Il Preliminary, 346 |:.\l:f1 —a— Data

I DY +y

[ Mis-ID Jets ]
I t-tbar —
| Diboson N
— RpV SUSY (hypy) |
M, =994 GeVic® —

Striking signature, virtually no SM background
No MET cut
Expects 1.5+£0.2 signal, <0.01 SM, observes 0

— Limits on A;,,: 0.21pb, A;,,: 0.11pb

Events / 9 GeV/c
?

-
‘\\

N
Illll\\

M
II|III

L% ~ B L =

< ) : i % 50 60 70 80 90 100 10 320 130

S ~ A Inv. Mass of 1st & 2nd Leptons (GeV/c?)
> 0
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Indirect constraint: B —upu

—————— NN ——————— —_— W
t _ y U tA =
A ! _
W !J 5 . !J'
B P Ve Ve Ve

Rare decay, in SM branching frac ~10-°
Loop diagrams with sparticles (or direct decay ,
If RPV) enhance orders of magnitude ol 3

e tan® g ___.;"

Important at high tanf

* Look for excess of pu events in B, and B

Nice plot mass windows
to be blessed » Background estimation: linear extrapolation
780 pb-1 from sidebands

 Results compatible with SM backgrounds
---  Closing in on SUSY! ---




Summary and outlook

= CDF and DO keeps probing new areas of the
SUSY parameter space!

= Results can also constrain other models

= Itis only limits so far .....

. w The hunt continues ...!
Store Number

=) We have 1fb-1 ready for analysis and the

—

= L
5_I600

21400 |

£ Projection?

Delivered
To tape ]

e aq, - .
S e Tevatron is in great shape!
SO A= % Expect 4-8 fb1 by end of Run Il
" f){a Else Lytken, Moriond QCD 2006 14
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Stopped gluinos

New (saw it this afternoon!) result from DO on R-hadrons
stopped gluino -> jet + chil0
Assume gluino lifetime at least 10 s

-> next bunch crossing: single high Et jet and high MET

-~ 2
5 C
: . _ r
D@ Preliminary (L=350pb) S isf D@ Preliminary (L=350pb’)
10l __ Background E 1.6 It —o—  Expected Limit
o . Signal (mG=4UO GeV, x5=0.62pb) | [
= Data g 1‘4j— —— Observed Limit
T 5E
1 E_ -|:-0 E 3 g E
g 08 F
_j 06F
"3 0.4 F
107 % :
(}e SN I PN (T POt PR || Y | o 02
1 00 200 300 400 500 600 : 1 L L 1 l L L L L ] L L L 1 l L L 1 1 l L L ' 1
j’ - Jakpiergy (GeY) %0 100 150 200 250 300
c m — m Jet Energy (GeV)
S A\S A
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CDEF:

. 3102—
+ Req. > 3 jets and MET>165 GeV |
- Bkg dominated by Z—vv + jets m L
» Check: compare data and QCD

MC in jet domimated region

2 F [ Jaracomc
-‘%102 n [ ]vet20 data
= =
E ¢
3
w 10L
£ t

e g U3

(0 2,

“j0 2030 40 50 60 70
E; [GeV]
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MET+jets continued

NO hints of SUSY

E &8 &
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© CDFRun II Preliminary, 371 pp” ™ Data
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Indirect constraint: B —upu

+ +
b w ut b + M
< « € W
t t %
5 _ Y L A -
s (I ! W 5 A W
3 == > W
B SUSY

Rare decay, in SM branching frac ~10-°
Loop diagrams with sparticles (or direct decay
If RPV) enhance orders of magnitude

NS ! e tan® g P
Ef 3 CDF Preliminary _ (780 pb'ﬂ Important at high tanf
= Cw Y g2E ™™ CDF also looks at By —pp
i‘ Background estimation: linear extrapolation
qaanans %% suwana | 1TOM sidebands
3 Normalizing using B*—u pt K*
“:':; W - Results compatible with SM backgrounds

Il ‘ 1 Il 1
4.8 5 52 54 56 5.8
M,/ GeV/c?




B, —>uu : Results

M, .=3TeV =700 GeV lelts
- VTS TEV, My P ﬁ \ Br(Bsepp)<1.Ox10'78@ 95%CL
N P /“;,f/ \ ) Br(Bg >1u)<3.0x10° @ 95%CL
. = orge '
) P Vo
Stﬂl_"l.lll “IM/-=| /S }' IIII \

.
saxio K \‘ '\l\ E

Red arrows indicate new limit
Closing in!

N — I
AU A
" f,,\“ Else Lytken, Moriond QCD 2006 19



Else Lytken, Moriond QCD 2006




w
w

K Al e -1
3 | CDF Preliminary _ 780 pb | 3 | CDF Preliminary . 720 pb
; By M1 -§ $ CMU-CMU ; B,y H'H § g CMU-CMX
@ £ % @ =
:g 2l 2 _z § 2L 3 .z
: 5 8
S o 5 ©
m‘c mm 8 m‘”
sideband |~ @, _  sideband . sideband %, sideband
1—
‘ 4|8| I |5|| I |5|2| I |5|4| I |5‘6‘ ‘ |5‘8| — 0 L1 | [ ] | [ | 11 1 | 1] | L1 1 | L1 1
’ ’ ’ ' ' 4.8 5 5.2 54 5.6 5.8
M,/ GeVic* M,, / GeVic?
CMU-CMU Channel: CMU-CMX Channel:
Expect Observed Prob Expect Observed Prob
B, 0.88+0.30 1 67% B, 0.39+0.21 0 68%

1.86£0.34 2 63% .B, 0.59+0.21 0 55%



D@ Runll Preliminary

Errn |8 - DATA
s DO Preliminary |S=5 =o' £ 60 + Pz-ee
E e Bz-1
50
B Qcb
40

20

10

Iilllllll]lllIlllllllllfllllllllll

20 30 40 50 60 70 80 90
invariant e+tau Mass [GeV]
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10° - CDF Run

‘:'_1._;' 10 &
% i
(L]
0
s 1
] F
2
w 1
100
102
50 100
Channe=l Control Begion Signal Region
Jogm— 3877 £ 063 + 2.33 | 0.57 + 0.01 4+ 0.03
diboson 663 + 018 + 037 | 348 £+ 0.10 £+ 0.10
t 354+ 005+ 021 | 316 &£ 0.05 4+ 0.19
fFake lepton | 280 £ 1.10 £ 1.33 | 044 & 0. 40 + 0.40
Prediction | 51.87 £ 1.11 +£ 272 | 7.66 £ 0.41 £+ 0.48
Jbhservation L) 5
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Chargino Mass Limits

ﬂ;gla{m__.\ “small m,” Fermilab-Pub-05/075-E or hep-ex/0504032 |
M(2) > M(ZY) . Search for 7.7, — 34X D@, 320 pb'

" i i P -0
MG =Mr)=2M U, ) MI=M(y,)

=
l-,l

-,

o
o

n
#

No slepton mixing

}!S}X BR(31) (pb)

L\-H /X . tanp=3, n=0, no slepton mixing A,=0 3
. 1L1: - 1 . 4
xr?(\ﬁ . 0.4 ~— Observed Limit =
f ety ol I G R A Expected Limit -
/ < R ° E

» oX BR<0.2pb

| | |I"I

mSUGRA “large m g
maL A hA

M(2) > I’lﬂEzﬂ} 155 15{] 13| e
i’ i l )
\ | - 103 5 Cev/22 . F’:hargmo Mass (GeV)
wr 5/'11?34 i {model independent) Scenario
Mﬁa. AR | .
) iN{' Those limits are improved by light sleptons but heavy squarks
.J"'r N ~10% if tau’s are included. MOz = 3M(g)
A 2

~ No sensitivity
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ng-ju: det med de 700 GeV
n: 1 figur, er det alt sammen | 121
ksemple paa 122: e~ -> mu + nu_mu
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