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w The Tevatron RWIHAACHEN

Increased # of bunches: pp collisions at v's = 1.96 TeV (Run I: 1.8 TeV)
6 (3500 ns)
— 36 (396 ns) P e———

New Main Injector
storage ring up to 150GeV

New “Recycler”
(Storage ring for pbar cooling (in
commissioning), add e-cooling (installation))

| éooste r |

® Run Il start March 2001 R et

® Typical peak luminosity 3
0.16 - 10%cm®s'  (Run|)

5 0.8 - 10%cm3s (“Run 1la”)

S > Main Injeét_o\'r >0
- 2-4 - 10%cm™s (“Run 1Ib”) and Recycler

—

® Achieved design luminosity for Run | | N e
without Recycler this Summer -

® [Ldt~4-8fb" by 2009
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% Run II Status RWIHAACHEN
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Both experiments collected about 500 pb™' so far in Run ||
Analyses shown here use up to 250 pb"
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CDF and D@ Experiments RWIMAACHEN

D@ Strengths: w Forward Mini-dift | [ Gonyral seimilar| | Formard Sentiltor
Excellent and wide muon B e By 7/
coverage, hermetic calorimetry

Shielding

CDF Strengths:

Excellent precision tracking,
“deadtimeless” trigger

New Solenoid, Tracking System
Si, SciFi,Preshowers

+ New Electronics, Trig, DAQ

Two general purpose detectors: CDF DO

Electron Acceptance Inl<3.0 Inl<3.0
Muon Acceptance Inl<1.5 Inl<2.0
Precision Tracking (Silicon) Inl<2.0 Inl<3.0

SVXII + ISL

coT

Muon chambers/scintillators
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w Supersymmetry at the Tevatron %pﬂ%lw

Run 180116 Event 4428470 Thu Apr 8 10:57:08 2004

® Direct searches for SUSY partners at the
Tevatron

¢ Squarks /Gluinos

—  Strong production - large cross sections
— Masses possibly relatively high
¢ Charginos / Neutralinos

—  Small cross sections

—  Chargino mass limit from direct searches at LEP:
“only” 103 GeV

—  Cascade decays can provide clean signatures
® Signatures vary with model assumptions

¢ MSSM with R-parity conserved: Missing E_
(jets + missing E_, trileptons + missing E_)

¢ MSSM with R-parity violation: Multileptons,
leptons + jets

¢ GMSB (with Neutralino NLSP): Diphotons & |

phi_t: 134 deg

Arnd Meyer (RWTH Aachen) Aug 17,2004 Page 5



Squarks and Gluinos

pp collider: strong production of squarks / gluinos — large cross section

Signature (squarks lighter than gluinos):
aqa—aqxiqx} (2 jets + E,)

Massive background from multijet production,

Z + jets (with Z—vv)
Tight cuts: E_> 175 GeV, H_> 275 GeV
D@, [Ldt=156 pb"

4 events observed, 2.7 = 1.0 expected
Limits improved beyond Run |

¢
¢
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® Sbottom may be light JL dt =156 pb™
¢ Assume BR(b, > bX,%)=100%, Rp conserved

¢ Assume m(@) > m(b;) > m(X;%), m(t) + m(X;*) > m(b;) .
® Exploit b-tagging and kinematics

¢ 3jets>15GeV, E >80 GeV

¢ AP, jets) > 40°

¢ Db-jetsecondary vertex tag

, Exclusive Single B-Tagged Events ] Inclusive Double B-Tagged Events
% 0F CDF Run |l Preliminary, '156|:)b’1 % - CDF Run [l Preliminary, 156pb’1 .
Q CDF Data E 102:— SInQIe b'taq:
2 1o SoD-mulet : o GCDmutic - observe 21 events
= Wi/Z+jets,Diboson > B Top - L
5 Yol W/Z+jets, Diboson expect 16.4 + 3.7
0] [(b] -
%10 = % -
- ! Double b-tag:
L i3 - Observe 4 events
r i‘_ ‘ E - expect 2.6 = 0.7
I I R W 1 I | Lo

0 50 100 150 200 250 0 50 100 150 200 250
Missing E; [GeV] Missing E; [GeV] Page 7



Large region excluded in the m(sbottom) — m(gluino) plane

Glumo—> bb 95‘V C.L. Exclusion L|m|t 156 b
Gluino — bb , 95% C.L. Cross Section Limit , 0 o mMESE P

—_ & . N CDF Run I Prellmlna
2 CDF Run Il Preliminary, 156pb’ = 280 BRE— bBy=100% v
= - ] m(H=60GeV /2
- PROSPINO, NLO ) 2601 s [
o 5 ] &) ] m(q) 500 GeV /¢
= Q° Scale Uncertainty — ]
§ 1()2 s m(q) = 500 GeV /c? % 240_: i
e A m(gb,) =60 GeV/c? © 1
g m()a)) =60 GeV/c? g 2207 B
@) Excl. Single B-Tag S 2001 i
10 3 Incl. Double B-Tag -'C_)‘ ] (incl. double tag)
i g 1 80— (excl. single tag) -
160 ] i
1 F 1 i
120— CDF Run | excluded —
180 200 220 240 260 280 300 100- . . . . ‘
Mass of the Gluino [ GeV/c2] 180 200 220 240 260 280

Gluino mass [ GeV/c?]
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w Charginos/Neutralinos RWIHAACHEN

® Golden channel: leptonic cascade decays — three leptons + missing E_

® (Challenges
¢ Smalleventrates (o x BR < 0.5pb)
¢  Leptons with low transverse momenta N

® DJ: Four selections, [L dt= 147 — 249 pb"

¢ ee+track, ey + track, pu + track, u= u™

® Backgrounds: WW, WZ, Wy

3 10° data >
= DG Run Il Preliminary QCD )
£ - ) 5 4 A2
wi10? 2%y — pp =10
+ - R Z2%y — 1 (7]
. H U Zbb, Wbb =
10 RN Bl WW WZ q>,>
: " . Bt — pp Ll 10
102 ‘...— SUSY signal
i ks
v I‘F‘?&
+T+++TT+++|“| 1
-1
10
40 60

Invariant Mass (GeV/c °)

120 140 160
os Mu i [GeV]
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% Charginos/Neutralinos RWIHAACHEN

® Selection: two well identified leptons plus

¢  Significant missing transverse energy

¢+ Additional isolated track (except for like-sign dimuons)

—  Very low cut on track p_ (3 to 5 GeV), efficient for e, . and 7 (including hadronic T-decays)

DO Run Il Preliminary

3

DS Run Il Preliminary

w10
e
CD10
—
»l10
= hi
S 1|
I
10"
10~
Al ] 10'3 2z L /’ 28 1 Al HE
40 60 80 100 0 10 20 30 e 40 50
Missing transverse energy [GeV] p3dtrack (GeV/c)

Selection Observed  SMBgrd.  Signal (m =100GeV) [L dt

ee + track 1 event 0.7 +£ 0.5 1.83 = 0.11 249 pb™!
eu + track 0 events 0.3+ 0.3 1.25 + 0.09 235 pb”
up + track 1 event 1.8+ 0.5 1.12 = 0.13 221 pb”
uEu* (LS) {event 0.1+ 0.1 0.36 + 0.04 147 pb"
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Take overlaps into account for combination

DO Run Il Preliminary

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

Close to reaching sensitivity for mSUGRA beyond LEP limits, significant improvement
on Run [ limits

Exclude chargino masses below 97 GeV with comparable chargino, neutralino, and
slepton masses

“mMSUGRA”: maximize

< BR(3I) [pb]

0
2

+

X1X

o

tanB =3
A,=0
w=0
v
& SQUary DO Run I
T e - - EXpected limit)
Iar_ge m, mSUGRA pI"Ed.l'Cﬁon ; : .

100 10 110 115 12 12

M(x;) [GeV]

leptonic BR (m(slepton) =
m(x ) — sfermion decays

dominate)

“Large m ”: Decays via W*/Z*
dominate — leptonic BR small

“Heavy squarks” (relaxing
mass unification): enhanced
cross section (destructive
interference with squark-
exchange suppressed)
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w Search for B — p"u’ “"‘UWEEHW

® SM prediction: BR(B_ — n'u7) = 3.8-10°

® (Can be enhanced by non-SM contributions
¢ SUGRA: -~ (tan B)° - significant at large tan

¢ Complementary to trilepton search

® Tevatron: large production rate for B_

® Selection: two isolated muons, displaced vertex
® Results at 95% CL

CDF (171pb™):  BR(B,— u'u) <75 - 107
DO (240pb™):  BR(B, — u'u) < 4.6 - 107

60000

sngggg f /Jhpr DO Preliminary 240pb
40000 |

30000 W Y (1S, 28, 38)
20000}

‘/.Signal region \'

.. i L ¥

invariant (L L) Mass [GeV] 204

# of events / 5 MeV/c>

2
1.8

tanf

(Dedes et al., hep-ph/0207026)

a) X-"TO—150, x"\O—O, >0, my =175 GeV
50 '

40
30
20

10

D@ Preliminary

Signal region

Side Band 1 Side Band 2

46 48 5 52 54 56 58 6 "g.'z
invariant (1L ) Mass [GeV/c]
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R-parity Violating SUSY R“HMAQQHW

Sis the particle spin,
B is the baryon number,
L is the lepton number

— (_1)3B+L+25

R -parity: R, =

W =Wyssut Wk,
1

cx cy czZ
Rp l]k a- )\l]k a@ }\l]kexyzUl D D +K 8 L H
/ \ ,),k = 1,2,3 generation indices

R, violated in decay Resonant production
_, multi lepton final state — two muon and two jets final state

Chiral superfields:
L: lepton doublet superfield
E: lepton singlet superfield

Q: quark doublet superfield 1 Resonant production at
D: down-like quark singlet superfield hadron colliders

A, AY, A" Yukawa couplings

Arnd Meyer (RWTH Aachen) Aug 17,2004 Page 13



w RPV Production “““M gﬁ-v

Resonant production

Associated production

x5 (X9)

%8 (X2)

u u e
e R-parity conserved ~ R-parity violating X ? decay (A’,,,)
« Search for decays via the — Dimuon and dijet final state
R-parity violating LLE couplings A,,,, A4,
— Final states with 4 leptons or more; Qther modes:

 sneutrino resonance
_. dijet, muon & missing E; final state

e t-channel slepton exchange

analyses ask for at least 3 leptons.
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Neutralino Decay

FONTRNERSY

-
%1

final state: jet, jet, u + u

U

® Only 1 neutralino in resonant channel

¢ upjetjetfinal state, no missing E_

® Pair produced neutralinos decay via LLE

neutrino

couplings Aijk into 2 charged leptons and 1

¢ More than one possible final state for each

) coupling
(resonant production) o
d ¢ Missing E_
_,f.!;_ & —/ Fm"‘ ;é 'I{ ' e 4./ L{.{I VE
% —'/' z < % —/ i .
~ N A - V_;.- . _ ﬂ_ TP Y > ~ ™, g
e U V.o, e y e e U V. Yu i 1”“ € u
A ?.1_:",3] A '/ﬂ*m
My os fogon - IS Er
CoNe ¢ u ¢ . _ " s
¢ u
eu ee (Hf) eu ee (L)

&

Final state: eeee, eeeu, €euu, Or €L i, €L L1 L1, L

Arnd Meyer (RWTH Aachen)

Aug 17,2004
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RPV: LLE Couplings A, R“[]Wﬁﬁgw

® DO, L dt=238pb"
® Selection: two isolated electrons + additional low-p_ electron or muon, E/T > 15 GeV
® Observe 0 events, SM expectation 0.45 + 0.43
® Cross section limit as function of m.,form =250 GeV, tan B =5, A, =0
H<o0 DO Run Il Preliminary =0 DO Run Il Preliminary
=06 D6
= Aipy, M, = 250 GeV, tanB = 5 = Aipy. My =250 GeV, tanB = 5
[ \ Ocaucinos (NLO) L Seavcinos (NLO)
05 § 0.5
i \ a Gy exXperimental limits [ \ a Cgs ©Xperimental limits
. ¥ Present limit . :_ \
[ \ B Present limit
0.3l \ 03| \ N
: \ M(X.*) > 184 GeV ! N M(x,") > 181 GeV
- DO Run | limit - 0
0'2,_ \ M(X O) > 95 GGV 0-2; DO Run | Iim& M(X1 ) > 98 Gev
0_1i T \ 0.1:_ e \ir/a
[ [ T
ol o b v e v b b e b g 0_||||||||||||||||||||||||||||||||||||||||||||||
160 180 200 220 240 260 280 200 210 220 230 240 250 260 270 280,
m, ( GeV.c ) m%( GeV.c )
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Candidate Event (A,,)

Event #2
Runnum 180 116
Evtnum 4 428 470
type eee
MET 8.3
# of muons 1 (nseg =-2)
(pt, eta, phi) (17.4,1.99,2.02)

Mee 1-2,2-3,1-3

63.4,17.7,31.9

(Mi25) (73.1)
Pt1,2,3 35.6,28.4,9.1
Eta1,2,3 -1.78,-1.83, -1.64
Phi1,2,3 1.39,4.36,5.50

Charge 1,2,3 +1,-1, -1

Arnd Meyer (RWTH Aachen)

Run 180116 Event 4428470 Thu Apr 8 10:57:08 2004

Rms: 2.66
Min: 0.00933
Max; 24.9

Aug 17,2004

mE 1 36
phi_t: 92.4

FONTRNERSY

ET scale: 27 GeV
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RPV: LLE Couplings A, R“[]Wﬁﬁgw

® D@, [Ldt=160pb”
® Selection: two isolated muons + additional low-p_ electron or muon (down to 3 GeV)
® Optimized two-dimensional cuts in E/T, lepton-p_, invariant mass
® Observe 2 events, SM expectation 0.63 = 1.93
® Cross section limit for m, =250 GeV, tan B = 5, AO =0
§_1.4—: A Osusy (My=250 GeV) 51_4{ ees Og gy (My=250 GeV)
s ] ——— 95% CL up.limit (Bayes) = ] ——— 95% CL up.limit (Bayes)
E12] " E 12 % P
= ] D® Runll preliminary = D@ Runll preliminary
2 % 2 1
3 0.&: ‘ g 0.&: 3
go.&: i <0 go.rr: ‘ - >0
o.4é ‘ 0.45 ™
: \ " . : 8.
0.2 ] e 02 T e -
O T T T e o S PR e A e e e
100 110 120 130 140 150 160 170 180 100 120 140 160 180
M. [GeV] M. [GeV]
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DO, L dt =154 pb" d

2 jets above ~20GeV, 2 isolated muons above
~20GeV (depending on point under study)

Reconstruct neutralino and smuon candidate
invariant mass

/
)‘211

M)'("n= 75 GeV

Limit for a fixed neutralino mass = 75GeV

—e— Limit 95%CL, ¥.=75 GeV

——p— DO Run |

(s e V)= p v)

‘ Limit for a fixed slepton mass = 200GeV

- 0.4, -
0. 25? 25)-35 \§\ xN :;::qgsolfcm,u:mo GeV
Lt Excluded go.3§\\ ————

- Cp.25/ N
-1 03 §§\\\\\\\\\\\>§lded
0.1; .
SO
0.05[, 0.1; -
E v b b by L DO Run" prellmlnary 0-05; | | Do Runll prellmlnary

60 180 200 220 240 260 280 300 320 340 == 50 60 ‘7|0‘ - 80 90 100 110
Slepton mass [GeV] Neutralino mass [GeV]



Events/5 GeV

Gauge Mediated SUSY Breaking: Gravitino G is LSP

Assuming Neutralino NLSP: x| — ~G

— Chargino/Neutralino production leads to final states containing v~ + £,

— Inclusive search for 2 photons plus E;

CDF Run Il Preliminary (202 pb'1)
—

F o [pb
103 e Data 140 :_ D@ Run I Preliminary [pb] : D& Run Il Preliminary -
> E Min
[ QCD & fake photon cwF SRCID - L
10? [0 SM yy production <k " E
M ey background g nop  A—@Te
10 El > 13 GeV, 7] < 1.0 S|
e[ i ,
40
10™ 20F
0 :' R P il o -rl:i'-?-ﬁ'-'.'—."l_."; - )
10'2 0 20 40 60 80 100 120 140 160 180 200 10'2..I....I....I....I....I....I....I..
20 40 60 80 100 b v 55 60 65 70 75 80 85
Missing E; (GeV) A [TeV]

Selection:  Two central photons with E_> 13 GeV (CDF) /E_> 20 GeV (D@)
Optimized cut £ > 45 GeV (CDF) /£ > 40 GeV (DO)
Observe 0/1 events (CDF / D@), expect 0.3 /2.5 events from “fakes”
For N;=1, M,,,=2A, tan8=5(15), px >0:
DO (185 pb~1): myo >105 GeV, my: >192 GeV

CDF (202 pb—1): mgy >93 Ge\ my- >168 GeV
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Publication with more
data under way



Conclusions RWIHAACHEN

® Tevatron collider and experiments are running well

® Experiments recorded about 0.5 fb™', analyses shown here based on up
to ~ 250 pb"

® B — 'y results starting to constrain large tanp region

® Searches for supersymmetric particles improve on Run | limits and have
entered uncharted territory

¢ MSSM with R-parity conserved: Missing E_ (jets + missing E_, trileptons + missing E_)
¢ MSSM with R-parity violation: Multileptons, leptons + jets (A, A and A’

211)

¢ GMSB (with Neutralino NLSP): Diphotons
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