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Outline

B The detectors 2%
m SUSY at the Tevatron S8

B Some examples:

o Missing E + jets

¢ D1-photons
# Leptons

B Summary
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The Tevatron Run II Detectors

Both general purpose detectors:
Excellent calorimeter and muon chamber coverage
Precision tracking (Silicon)

Mature understanding of detectors

Analyses presented here uses up to 260 pb-!
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Supersymmetry at the Tevatron

Looking for supersymmetric partners of SM particles

Excesses in SM-like channels and SUSY-only signatures

15 SUSY and Background Cross-Sections

fb

Frameworks used:

Bottom

R sections: SMALL!  -Minimal Supersymmetric
extention of the SM (MSSM)

1
1
e, Expected cross
1
1

WiZ

EEZ susy -minimal Supergravity (mSugra)
1 T& aaaaaa

e - Gauge mediated Supersymmetry
; — Breaking (GMSB)

New quantum number: RP = (—1)B+L+28 {1 EII\J/ISY
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.. Signatures

E+ classic signature in R, conserving models
where lightest sparticle (LSP) 1s stable
LSP = (7((1), G) in minimal models

E+ jets from squarks and gluino cascade decays

g8~ (g > Generic squarks
\ _ N and gluinos (DO0)
@1 X@ > Sbottom quarks
from gluinos (CDF)
@X T\ > fAls((;imﬁ)ortant(b .
g @") or di-photons (bot
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Cross section at the Tevatron: ~ a few pb

Squark-gluino Search

Assume q mass < g mass:

Signature: lots of B and = 2 jets

Background dominated by Z — vv + jets

*¥.>175GeV, 3 jet E; > 275 GeV
* Lepton weto

Events / 10 GeV

Fit to
QCD

W Run Il Preliminary

Expect 2.7£0.935
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Search for Gluino — Sbottom

s L
! " e eb, can be very light for large tanf3
g b
g -+ Expect large branching fraction
/ N = of gluinos to sbottoms.
q b, o M
.,

Assume BR(b, - b){?) =100 %
[1 Distinctive signature:
4 b-jets and f

Efficiency of B-tagging depends on
m(gluino) — m(sbottom)
Form 2 analyses: at least 3 jets + 1 or 2 tags
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Exclusive Single B-Tagged Events

10°E
E F CDF Run Il Preliminary, 15E:‘>pb'1
C | - CDFData
o | @ QCD-multijet
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S W/Z-+jets,Diboson
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Diphotons NLSP A

Typical GMSB signature from X decay @ - @/

Gaugino pair production — lightest neutralino

Signature: 2 energetic photons + ET

Backgrounds estimated from data

3L 263 pb! T —
w || R——— 10° -+ CDF Il Data (202 pb’ )
..2 2_ ------ Background with no [ Non-Collision
o 10 | genuine missing E ; . 1[;]2 3 M ey
w Total background 8 [ QCD - take photon
SUSY signal x10 10 10 _ [JQcD - vy , .
ol *b (A =80 TeV) I  ER13Ge, st
F t c [ BE
E ] Q 1} GMSB
H L £ F 3
3 ol e (i1} 5 x1_175GeV :
- X1 -1 . N T T e
1 ;__I 'I_‘- 10 ' .-
':‘ | LLL' 'T‘ - -2 : E 1 1 1 :
o 50 j00 150 200 10 ™70 20 30 40 50 60 70 80 90 100
Missing E, (GeV) Missing E; (GeV)
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G (pb)

10
Il ‘ Il Il 1 ‘ Il Il Il ‘ Il Il Il ‘ Il
140 160 180 200
m.. (GeV)
T N BRI IR
80 20 100 110
mee (GeV)
10-2\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\Ill\\\‘\\
556 60 65 70 75 80 85
A (TeV)
Neutralino Mass (GeV/c?)
60 70 80 90 100 110 120
CT T T T T T ]
[ CDF 11 (202 pb™)
- Neutralino NLSP in the yy + E; channel
o Lo _
g 1f ©~
R , _
L ) 95% G.L. limit
X Rl S P ®
© R -
10 £ N=t
E  tanp=15
u=0
I I I [

11 1 I 11 1 L1 L1 1 L1 1
100 120 140 160 180 200

220
Chargino Mass (GeV/c?)

Aspen

DO: E (y) >20 GeV, H; >40 GeV
Expect: 3.6+0.6 events
See: 2

Current results:
CDF m(j(’ﬂlc) > 167 GeV
DO m(“)’(f) > 195 GeV

CDF: E;(y) >13 GeV, E; >45 GeV
Expect: 0.3+0.1 events
See: 0
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Lepton Signatures

Also plentiful in SUSY both R, and R,
- cascade decays from charginos, neutralinos, sleptons

X~ VX%, X -11, 1_>1x<1)

Most models predict low p;, non-central leptons
High tanf3 SUSY models predict T-signatures

» Standard Trileptons (DO)
» RPV Stops (CDF)

» RPV Smuons (DO0)

» B, — UM (both)
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Trileptons (Chargino-neutralino) w

Clean signature but expected to be small

Strategy: 2 well defined leptons + track + E

— Enhanced sensitivity to T modes

4 analyses: e'e’l, e"u/ We l, W1, and P

Main backgrounds: Dibosons: WZ*/y + conversions

3 . . dat
- D@ Run Il Preliminary -Q%%
107 + 2% = up
- BZ%N -
. HTi Zbb, Wb
107, o EEWW,WZ
e, ., ERt-
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- o M= 1
C ”??‘;ﬁ; )e:
10 i 4!
: Tt
1
10"
0
107 x1
20 40 60 80 100 120 140  160p Py 12

os M, [GeV]



o(xx9)x BR(3) [pb]

ee + track

Expected
0.68+0.40

Observed

1

MU + track

1.83+0.40

el + track

0.29+0.33

0.13+0.06

1
0
1

D@ Run Il Preliminary

Search for xjx3 — 31+X: Limit on ¢ x BR(3I)
M(G:2) = M(x) = 2xM(x); M(slepton) = M(3)

i hea
. &; ( D@ Run Il
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AU | I ]
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[m] %‘ﬁi‘?té“{&e/”x
0O WZ—-eu X

O tt—eu X
SUSY Point 1

Events/1 GeV/c
(]

p_!I!_rd track (GeV/C)

Results with 150 — 250 pb-!:
Limut:

0-BR <0.4 pb @ 95% CL
In mSugra:

m(X*) > 97 GeV

Results with more data out soon — will break new ground
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RPV Stop Search

, 99 b 9
Stop often lightest squark ,f1;_+_<
accessible Il
If Ry violated 1s we can have TIE< !
T, - bt 94 b 4

100

pp—Li—~(b1)(b1) CDF Run 1l Preliminary (200 pb')
LI | L | L | L | T L L | LI B | | LI

[
9o} | Control Region Z—= 11

Signature investigated:
¢ or L + hadronic T + = 2 jets

5 | p+t Channel: - Data

7();_ BZ—1t E
2 — NQCD jets

Number of events
=]
[=]
T

Most problematic background:
/ -TT

Good agreement in control regions S e e

Hadronic tau number of tracks
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pp—T,t—~(b1)(b1) CDF Run Il Preliminary (200 pb) CDF Run Il Preliminary (200 pb-T)
I | I I

oL o) T —
= Y = ; ; i - == "y ; —
S 308 i— el ~ %o (Pp—1t,t)) E?r(tr*br)é:‘loo%_
525| [] tt (m=130 GeV/c?) 4 59~ | |
iy 3|: = i i L
o O z>1 o0 £ — 95% CL.upper limit
27y W2 >co,up = F 3 MR R
5 N QCD, tt, Diboson = F sl T~ .
Z 15 — I "‘_"_ - & : —
15 | £ i
bl g ==
o g N :
e |3 T~
E|i - L/ 2 ~
b1 2| E’n>129Ge§V/C g\
0 1 =2 160 1'||0 12|O 1Z|30 1£|10 15|0 160
Number of jets m(t) GeV/c2

Expect 4.8 0.7 events — New limit on stop mass:
Observes 5 m(t,)> 129 GeV

Study also applicable for other new physics (LQ)
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Resonant Smuon Production %

H produced via R, d

X decay >
Result: 2 muons, 2 jets, and no E;
1.e. possible to reconstruct E
mass chain

c 1

| Reconstructed Neutralino Mass |
50—

s | Data (255 entries)  Assume prompt x; decay

1 %anE ] :;P‘l]lﬁg“al Soft leptons and jets:

ass: 3"2‘ -LJ DY *pr(K,) =2 10 GeV
102GV o) * pr (leading jet) = 25 GeV

Can reconstruct 7(? and [l masses
Use this to suppress backgrounds

0 50 100 150 200 250 300 350
Inv. mass of u,, Jet, & jet, [GeV]
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In 154 pb-!:
See 2 events
Expect 1.2 + 0.3 from backgrounds

Limit on cross section Limit on A’,,, coupling

Limlt for a fixed neutrallno mass = 75GeV and A’,,, = 0.07 ‘

Limit for a fixed slepton mass = 300GeV

6— o, §°=75 GeV, 1", =0.07 04
ed |- " s P C —e— Limit 95%CL, [i=300 GeV
© 14 —e— Limit 95%CL, § =75 GeV 35 - mo DO Run | limit
E 1 g— E (n— e v)/T(n— 1 v)
F— 2_ L
S 03[
@] B
10 So.2s]
C Excluded
8- 0.2
5 0.151-
a- 0.1
2l DO Runll preliminary 0.05]
D:l [EE N AR Y ANE AN ANE NN AR |..|'-|“\"\“\"\.T-T'T'T'r'}'-\'ﬂ-q-i-w E | | | no H\un" pre"rrinary
U 1 | 1 1 1 1 1 1 1 L | 1 1 1 1 1 1 L
160 180 200 220 240 260 280 300 320 340 60 80 100 120 140 160
Slepton mass [GeV] Neutralino mass [GeV]
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B, - MM

Complementary to other SUSY searches, indirect
BR could be enhanced from new physics:

loop decays (MSSM, mSugra) or direct (Rp)

Still challenging, SM prediction is 3.4- 10 ... a

. -

. - i DO Preliminary
Sidebands and - 50000¢ g ~200pb™"
same-sign data used 3 40000}
to optimize cuts and > 30000¢

N

AN
i
-=-

Y(1S, 28, 39)

E/ 2
check background 2“““09 / SM signal \i
. 10000 105
estimates B ;&:“ﬁ__\_t_
2 4 6 8 10 12

invariant (L [1) Mass [GeV]
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0 4+, -
Bs(d}_>u' W

171 pb*

CDF Il

entries / 20 MeV/c 2
n
D

—

o
B, search window
B, search window

—
1

o
&

\NX
o 3

4.8 52 54 56 538
M(u'w) [GeV/c’]

CDF (171pb’})
Expect: 1.05 £ 0.30
See: 1

D0(240pb 1)

Expect: 3.7+ 1.1
See: 2

Aspen

: hep-ph/041121
1D:|| T LI LI f bt U | it Ll Bk B HLA
CMSSM, u >0 ]
tanp =10
tanp =50,A, =0
« tanp=50,A,=+m,,
107 o tanp=50,A,=-m,
=N tanp =50, A, =+2m, , ]
= tanp =50, A, =-2m,,
uf
Eé : .M
10-8 — o . . o .z.z.a. ., -
B ® 5o . g
oo}
|
SM expectation
10'9 1 1 ‘ 1 1 1 | | 1 L I 1 1 1 | 1 1 1 ‘ 1 L 1 | 1 1 1 I Il
200 400 600 800 1000 1200 1400
m. , [GeV]
Combined: 90% CL

BR(B, - pp) <2.7 - 1077
BR(B, — Up) < 1.5 - 10”7 (CDF)
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Summary

@® No evidence for signal - yet

© We are looking in new areas
in parameterspace!

- Tevatron Run II already has a rich SUSY program
beyond the limits from previous collider experiments

- New results and updates are already in the pipeline
to be shown in upcoming conferences!
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.. and this 1s just the beginning ...
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More data is on the way, almost 500 pb-! for 2005
‘ Lots of room to make discoveries before LHC
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Backup

Aspen
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Detector backup =, 4
CENTRAL PRE RADIATOR CENTRAL SHOWER-MAX g 200
n=1 S
m ~ 150 2003 _ e
HAD CENTRAL CALORIMETER E
Eh CENTRAL CALORIMETER : e ad % 100 2005 _U;L"/
LL 50 LW /
Q
E ~ A e 2001
8 W =2 50 100 150 2007250 300 330
§ g days
2 2
! ‘M n=3
- - S 2
: -;--.I.I_-I-.-I.-IIIIIIIIIIIIIIIIIIII3
. w‘tﬂ 1.5 2.0 2.5 3.0 m
sSVvX I INTERMEDIATE
5 LAYERS SILICON LAYERS
Electrons  Muons
DO |T||< 3.0 |T]|< 2.0 (trigger: < 2.0)
Aspen CDF |T||< 3.0 |T]|< 1.5 (trigger: < 1.0)
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D@ Run Il Preliminary

--------- Signal cross-section
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gluino-sbottom backup

Inclusive Double B-Tagged Events

. ) S
AnaIYSIS USCs. ET - 80 GeV % CDF Run [l Preliminary, '156pb'1
>3 jets with =215 GeV o 10 '
. ~ | - CDFData
AP (E+,jets)>40° £ | B QCD-mutiiet
> B Top
Veto leptons 5ol |7 WiZ+ets Dibosor
(0]
Inclusive Double B-Tagged Events % |
% 20 CDF Run Il Preliminary, 156pb " i
0 I QCD-multijet 11
2 45 W Tor
s W/Z+jets, Diboson
T — M=240,m,=180,m. =60 ect 286 . Ll
5 | ° % 0 50 ' 100 150 200 250
S ' nal events Missing E; [GeV]
'T =
@ [
5__ 0.9 Double Tag Method B-Tagging Efficiency e Data
: . . . xMC
== 50100 150 200 250 B_tagg%.s efﬁcwncyg ijet ‘

Missing E; [GeV]

Backgrounds: QCD, tt, W/Z+jets,
dibosons

Aspen
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<1 E# DS Runll Preliminary |—*—da@
. = F “ges v me
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® B | b |
Diphoton + Smuor; -
S
i -+ eydata
2 10° — aco
b — OCD+W~v
= 3
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o = 7vyydata
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Run I1 B, = uu

CDF: (171 pb1)
cT > 200 pm
AP(B, ,vertex) < 0.1 rad
mass window: 30

DO: (240 pb!)
ny/6LXy > 18.47
AP(B, ,vertex) < 0.2 rad
mass window: 20

B

B

S

CDF < 5.8-107 1.5-10-7 (90% CL)
DO (240 pbl) < 3.8-107
Combined: <2.7-107 @ 90% CL

o 2
§ }g DO Signal region
= 1.
= }g Sideband 1 Sideband 2
m .
208
= E
¥ 0.6
= 0.4
0.2
0 ||||||||| | [N 2! III | IERIN N1 | I |
46 48 &5 52 54 56 58 6 6.2

Invariant mass (L' L") [GeVlcz]

a) Mp=150, Ag=0, u>0, my=175 GeV
50
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100 150 200 260 300 350 400
M1 7o [GeV]
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Stop to tau b backup

— signal

sead track ~ — salation

not assﬂcmt&d ‘*
with lau ca ndntl&':&\1
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