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s Introduction

s»Searches for Charginos and Neutralinos (RPC)
s»Searches for Charginos, Neutralinos or Sleptons (RPV)
s»Searches for Squarks and Gluinos (RFPC)

ss»Searches for Squarks (RPV)

“*Searches for B2 1" 1f
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Tevatron at Fermilab - Run |l

Collicler Run Il Integrated Luminosity
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- Higher energy

(1.8 TeV —» 1.96 TeV)

Higher cross sections

- Higher antiproton intensity

6x6 — 36 x 36 bunches(3.5 us — 396 ns)
antiproton “recycler” => Higher luminosity g

- RunIT goal: ~9 fb-1 in 2 L
untl goal: =9 b-11in 2pP% Cousinou — HCP 2005 — 61 July 2005
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Both general purpose detectors well understood and highly efficient with:

Excellent calorimeters and muon chambers coverage

Precision tracking (Silicon Vertex Detector)

Analyses presented here use up to =390 pb-1

M.C Cousinou — HCP 2005 — 6t July 2005




Some SUSY parameters : reminder

<*Every SM particle has AS= % partner: »
qg,.l < q,1 0 8§88
}’,Z,h,H,A@Xl 4 Wi,HiQsz

oR=(-1)B2LS = +] (SM) ; = -1 (SUSY)

LSP is stable if R parity is conserved (RPC)

Small violation of R parity is not excluded (RPV)=> additional couplings and LSP
decays in SM particles

**SUSY breaking Mechanisms 2 models treated here:
Graviton mediated model (mSUGRA) Gauge mediated model ( GMSB )
(new chiral supermultiplets: messengers)
mo common scalar mass A SUSY breaking scale
m,,, common gaugino mass M,,, messenger mass (2 A)
tan 3 ratio of Higgs Vacuum expectation Values = N. number of messengers
sign(u) sign of Higgsino mass term tan 3 and sign(p)
A, trilinear coupling C,yay = factor multiplying effective mass of
~0 gravitino ~0 =~
Lsp= X LSP= ¢ NLSP= XL_)GJ’
T

M.C Cousinou — HCP 2005 — 6t July 2005



1

Charginos and Neutralinos in 3 leptons + E™miss

E;f]i N liz?zii{"lﬂflﬂX

Final state : 3 leptons + large E/Miss

Clean signature but small event rates (oxBr<0.5pb)
and leptons with low P

6 analyses  [Ldr~320 pb

eeorpporepu (P;cuts =10 GeV)

oret or ut (had.decay of the 1 :NN) + lepton
(isolated high quality track with P; cut = 5 GeV)
or 2 u like sign (P; cuts =10GeV)

+ E.Mss > 22GeV
+ anti Z cuts
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Search for Charginos and Neutralinos in 3 leptons + E;™iss

|
Channel Observed SM expected E“’“; LT = "1 3
N D@, 320 pb
ee+/ 0 0.21+0.12 e E pyl-selection
0100 mwwinziz
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1 =
wu+l 2 1.75+0.57 102
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W+l 1 0.36+0.13 M (GeV)
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MSUGRA Search for Charginos and Neutralinos

hep-ex/0504032  analyses eel, 111, e,

O x Br(3l) is mainly a function of

N 3 E‘O'?:'I“‘:"I""I""I""I""I""I""I"":
M (y~) and M(l) ‘ : F Search for 7,7, — 31+X D@, 320 pb' .
n F M) =ME)=2M(): M(I)}M(xg) 4
*3]l-max: low mO - leptonic BR is g 0.5F tanp=3, >0, no slepton mixing =
maximally enhanced forM(I)>M(7) jj'é' 04F ""'-.,.’5@%' —— Observed Limit 7
~ > E Uy, Mg, e Expected Limit 1
M (Z;)> 117 GeV S T
“*heavy-Squarks: M(§)>> M(I) —p e N :
.. : 0.2 —
cross section is maximal - =
M (x7)> 132 GeV 0.1 large-m
. :
\/ ° T _> L e T : "‘I“"I"T"-m;-»-l »um: i"’i"'.'"'." PR AR ANl T\ AL e vk
*large m,: large M(1) 0500 108 110 415420 125 130 135 140
W/Z exchange graph is dominant — small Chargino Mass (GeV)
leptonic BR

Including the etl and ptl analyses gives better sensitivity:

¢ limit improves by 10% for tan3=3

‘smore expected at large tanf3, where the 1’s dominate the final state
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Charginos and Neutralinos in 3 leptons + E/™miss *

2 analyses: ee + /

P;(e1,e2) Gev | P;(I13) Gev | E;™ss GeV | Lumipb? | SM exp. Obs.

High P; > (20,8) eorp >(4) >15 346 0.16 £0.07 0

Low P; > (10,5) track > (4) >15 224 0.36 +0.27 2

m, =700 GeV, m,, =180GeV, tan(p)=5, ;>0 —p 0.5 events

__ Search for yaxs — ee+l+X CDF Run Il Preliminary [ CDF Runll Preliminary, 224 pb ]
S F M,=100, M, ,=180, tan=5, 110, A,=0
2 - j L dt = 346 pb'1 M(x:) = 113 GaWcz,M[x?kGG Gevic! E Processes
2t = mSugra point e Drell-Yan
5 1 e Drell-Yan -~ 1 Il Di-Bosons
t E M i L o : t
¢ E B WWWZiyZiy Zhy S — mSUGRA
w L Fake Leptons 2 g = data
L » Data 1
| 107
10" & F
B 102E
10° = 3

107 L.
1] 20 40 60 80 100 120 140
Missing E; (GeV)

60 80 100 120
Missing E; (GeV)

4 channel will be include soon = Low Pr

High P,




(263 pb") -

GMSB Chargino and Neutralino in yy + E miss
(202 pb'’) Combination : hep-ex/0504004

quark-antiquark pair

quark
(in proton)

antiquark
(in antiproton)

quark-antiquark pair

DL

vy data

Background with no
genuine missing E |

Events /5 GeV

Total background
SUSY signal x10

0 50 100 150 200
Missing E; (GeV)

DO/CDF Selection:

2 photons
E;(y)> 20/ 13 GeV
E,™iss > 40 / 45 GeV

Obs | Exp. SM | M(y) (GeV)
DO | 2 | 3.7:0.6 >195
CDF | 0 | 0.3:0.1 >167

M(x*)>209 GeV/c2
M(%9)>114 GeV/c2

Events/5 GeV

163 ~ COF Il Data {202 pt ')
B Mon-Collision 1
10° M ey
B 2CD - fake phoion
O 2Co - vy
10 F . E
Ef=13 GaV, n=1.0 3
1k GMSE 1
F=175GeV
1{. - i --J_‘-I; D --\---u...____!
E: ]
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I I I I I
1 CDF 202 pb™ GMSB yr+§,
F D@ 263 pb” Me2a, Net, tarp=15, p=0
N —— PROSPINONLO -
QCD Uncertainty
u-1

expected limit
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Production of a pair of CMSP ("stable" T or y¥);

/ \ - DZ Run Il Preliminary
Charged Massive Particles with ct >10m|g (1-speed)/ O gpeeq
-appear as slow moving high P+ L Emi— —

PT>15 GeV + lSOIGT'O” 1000;_ ----- 100 GeV staus
*timing of the muon scintillators used s e
Speed significantly slower than ¢ “F
O candidate  expected: 0.66+0.6event o
\ ho SM background / AR R
e st Sp;ed éolgn;lecar]l;e
leltS j Ldt =~ 390 Pb o 10} o~ . . D Run I Preliminary
GMSB: CMSPis T - X saugino-like o
¢'"™=0.06-0.62 pb  not sensitive yet 3 ' e
n~~/ i E H0 o Secon Preieton
AMSB: CMSPis X~ (AMG-7)p<IsoMeV) | =
Higgsino-like:  'm_ +> 140 GeV N
Gaugino-like: m,+>174 GeV ol

| E ‘ - 1
50 100 150 200 250 300
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B ‘ R-parity violation : RPV ‘@
Additional terms in the superpotential:

W,, =2, LLE,+2,LO.D,+A

RPV ijk

U DD,

ijk

L;(Q, are the lepton(quark) SU(2), doublet superfields
E;(D;,U) are the electron (down and up quark) SU(2), singlet superfield

A, A, A" are Yukawa couplings

RPV conseguences on

. ~(
% RPV decay of LSP (1) experimental signatures :

kijk coupling «—»Lifetime of LSP . sysy signature can be very different
» Less missing E+;
<+ Resonant sparticle production * More leptons and jets

- Sparticle may be produced by RPV

Mijk coupling couplings as single Sparticle

1]
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RPV

kijkLiLjEk coupling

0>+ X>4+E™+X 7 J :

The couplings considered : H 7 Ve
21
A,y = eeee, eeell or eeppl + vv ot
Mizz = HUHK, HLLLE OF ppee + vv -
Ay33 = TTTT, TTTE OF TTEE + VV -
% Mi33
Selection: & Ve
3 isolated leptons + low P cut on 3™ lepton + loose E ™S cuts T
Lumi. Int. M) >
Data SM exp. arameters !
(pb-1) P P (GeV)
eel (I=e, 1) | 238 0 | 0.5:04 | TIE0CEVINRESADD | qg
uul (|=e, IJ,) 160 2 0.6i1 .9 :1>00=250 GeV,tanB=5,A0=0, 165
eet. 200 0 1.0 +1.4 $>°o=8° GeV,tanf=10,A00, |  ;4g
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LQD coupling 2’,,,

RPV }L,211L2Q1B1 COUp“ng ILdt=154 pb_1

the invariant masses of the Zo and |

can be reconstructed

2 jets and 2 isolated p
and P+ (jet,u)~20 GeV
efficiency ~ 0.5-0.6%

A0=0, tan3=2, 1
anfF=2, sgn(i [2 (data) / 1.1+ 0.4 SM ]

"
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MR B B
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o3t M(x,)=100GeV
= — 03[
Excluded E‘. 0.25
= . Excluded
~ 0.2(
M(u)=200GeV Q -
&) o.1s5f
Run | D 0.1
0.05[
Dlo Hunlll preliminary 0 : | Do FIunIII preliminal;v
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RPV Search for Scalar Neutrino (1)

ox BR (pb)

[Lar~344 pb~

d ¢ e (E>20 GeV) + 11 (P>20 GeV) + opposite charged
Acceptance ~ 25% (M(e 1)= 350 GeV)
Mass resolution ~15 GeV for M(e 11)=300 GeV
Data: 77 events - SM exp.: 71.3#1.8(stat)
& oo /1.2 /12 o with M(e.y)>100 GeV |
3117%132 Data:5 events - SM exp.:8.0+1.1(stat)

A’132

""""""""""""""""""" 01B|||

2 @ Uncertainty

1o Uncertainty 0.14 !
—— Exp. 95% C.L. Limit [
—— Obs. 95% C.L. Limit 012 [

—— NL.O.dd—v —ep :
1,4,=0.05,3.,,=0.16 0.1 _ '
.5 008l
< i
[ 0.06 [
_ l132=0. 05 oo
CDF Run 2 Preliminary, 344 pb™ '311=0.16 0.02
-2 s . ; . s [ i : R ; ; ; ;
10 0.1 0.2 0.3 0.4 0.5 0.6 005 01 015 02 025 03 035 04 045

M(ey) "-TEV MGE)>460Gey  ME  Tev



o Br(H— 11) (pb)

RPV Search for Scalar Neutrino (2) @

Channel Cuts (GeV) Obs. | SMexp. | M (\7) > (GeV)
I ee E.(e)>25 + M(ee)>500 0 0.5+ 0.1 o5 Limit at 95%CL
1\ LU P.(1)>20 + M(LLLL)>500 1 1.2+ 0.1 If A’4[Br = 0.01
T,T P >25 + E miss>15
h () T 4 | 2.8:0.5 377
~ +M,,.>120
z—& CDF Run 11 Pr (200 pb ) T y T T T :
10 i e Br(X— pp)95% C.L. limit ‘ CDF Run2 195 pb-1
----- ®---- G.Br(X— ee) 95% C.L. limit - Preliminary
S W o-Br{X— Il) 95% C L. limit Y % .
10 | ovBrEV—> ||)) NLO ( A%x BR)=0.01 'g. %, High Mass 1t Search
N o-Br(v— Il) NLO (2%« BR)=0.001) : - ", cross section
-1 Kk ------ sequential Z
L S ' ILdt ~ 200 pb E ot e V(g2B=0.D1)
. e.e EL 95% CL upper limit
10'1 F'.".".rl-'l’--',,‘.::..\_. o ? - :“ ", vector
i T e e e e g e ", == scalar
107} ® 1t " :
-3: . I I ] ] ',". oy
10 —55 200 <00 500 100 200 300 4020 500 600
Dilepton mass (GeV/c 2)I My (GEV’C )




Squarks and Gluinos *

M(g)>>M(q) M(q)=M(g)
low m, qq intermediate m,
~ 0 M(q)>>M(2) ~ o~ 0
q —>qx - g =44 =99
igh m,
—t> :
: H, =X|Pjet| | E miss
# jets (P; GeV) (GeV) (GeV) Exp. SM | Obs.
Low values 2 jets (60,50) >250 >175 12.845.4 12
Int. values 3 jets (60,40,25) >325 >100 6.1+£3.1 3
High values | 4 jets (60,40,30,25) >250 >75 7.11£0.9 10
@ 3 jets (125,75,25) >350 >165 4.2+1.1 3
254 pb-’
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MSUGRA Squarks - Gluinos in jets + E,™miss

F e -1
Enormous QCD background ! CDF Run [T Preliminary, 233 pb™ 7 pefore basic cuts *

10°L
Missing E; mis-measurements: \51\0‘ I Ater 3 jots cut
1 After basic cut
< Jet energy mis-measured [ ] After basic cuts

s/5GeV

<*Beam halos-hot towers...

after E;/™'ss cleaning cuts: \f

10

%10:— CDFRunIIPI'eliminary,254pb'1 = Data
g - lB]jnd Box edge [ QcD 1100 200 300 400 500 600 700 800 900 1000
$ 0 TW, Z Ww r [GeV]
€ | = No charged leptons + E;™iss non
2 'E 0T S T aligned with jets

- |

I Data: 3 SMexp. 4.2+1.1 events

1075 m Expect ~ 0.7 - 4.8 events for
- M(q,g)~380 GeV
‘ N N T ) I

200 300 400 500 600 700 800
Hr = E; +E; +E; [GeV]




‘mSUGRA Squarks - Gluinos in jets + E miss

Y D@ Run Il Preliminary
0 - - _ -1
g o s00_ D@ Bun li Prl.e::ll||rr||||nlalr|3¢'I |L|_|3|1|IJI pb
3
$ 500
g 3
-1 40 &
102 b\ | - < \ umwf;::ﬁl\é
50 1 DD 1 50 200 250 300 4+ :
4 jets analysis "ET(@eV) = \\\\ ;
(f] R
m(squark) > 318 GeV ]
(mg= 25 GeV) \\ “& 3
m(gluino) > 233 GeV “““’fﬁﬁ“iw
(my= 500 GeV) 300 400 500 600

m(gl)=m(sq) > 333 GeV Gluino Mass (GeV/c’)

\_ v
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Search for Gluino decaying in Sbottom Bottom

Assumption : the D is lighter that the §
Final state: 4 b jets + large E,™iss

At least 3 jets E;:>15 GeV + E;™Miss > 80 GeV
+ angular cuts between jets and E;™iss

Obs. Exp. SM

Excl. Single b tag 21 16.4 + 3.7
Incl. double b tag 4. 2.6 + 0.7
Inclusive Double B-Tagged Events

% 2 CDF Run Il Preliminary, ‘156pb’1 IL dt = 156 pb !

w0 10

= - CDF Data

2 B QCD-multijet

E B Top

= 10 b W/Z+jets,Dibosor

S 95% C.L

=

o | T V() > 280GeV

WM (b)>240GeV

1 L L 1 I 1 1 1 | 1 1 1 1 | 1 1 1 1
0 50 100 150 200 po

Missing E; [GeV]

Shottom mass [ GeV/c?]

Gluino — bb , 95% C.L. Exclusion Limit, 156pb

280 BRG- bB)=100%

240]
220
2001
1801
1601
140]
1201

1 m()=60GeV /2
260 m(@) =500 Gev/c

CDF Run | excluded

1001

(excl. single tag)

CDF Run Il Preliminary

(incl. double tag)

180

200

220 240 260 280
Gluino mass [ GeV/c?]



Direct Production of 5? decaying in bgj?loj?lo

) ‘ L % 25: DO Run |l Preliminary o
q = (U] = Signal
\\\~ Py ~0 . ﬂ N ;:wbb;
Lo n (2 b-Jets +'E 5 1s)
iy ‘I 8 L
q \\ wl B m-?vz,-zz
~ 0 b 10F- S
BR(b—)bx1 )=100 % F s
| E
- i .- --- Systamatics
Selection: %: e T
. . . 0 100 150 200 250 300
2 jets acoplanars (+3 jet) + E/'ss cut + E; (GeV)
. m L T T v i T ! L l |,. v ¥ T v t ! ! I ¥ | T I
single b-tag + lepton veto - D@ Run Il Preliminary Do Run I
B 310 p;b_1 |

g

M(h) | Lowval. | Med.val. | High val.

Neutralino Mass (G'eV/cz)_l

Er(j1,j2) | | 40.15 >(40.15 >(70.40 60| B 2= -
(GeV) (40,13) (40,15) (70,40) | / CDF Run | |
E_miss i 88 pb™ ]
T >60 >80 >100 a0 ARy AE— @40 = .
(GeV) - ; 1
Data 36 15 2 A A— ]
SM exp. | 38.6+2.8 | 19.6+1.7 4.4+0.4 ; E
% 400 150 200

Scalar bottom Mass (Gercz)




RPC Search for pair production of Stop

If 1,is the lightest  —» BR(f — cx")=100 %

2 jets E+> 35,25 GeV + E{miss > 55 GeV
+ e.g anti QCD back to back jets

+ no isolated lepton p;e# > 10 GeV, anti t
+ double heavy-flavor-tagging

[Lat=163 pp~

11 (data) / 8.3 £ 2.0 SM

Limit from CDF RunI (88pb-!):
M(t)> 140GeV for  M(%!)=40GeV

Due to:

Higher E{Mss trigger threshold

and larger systematic uncertainties:
Jet Energy Scale correction (6%-33%)
Tagging heavy flavor jets (13%)

—_ 0,
a(pp — tt,) = BR(t,— cx,) (pb)

—
=

-
=,

—
L=

= M()=40 GeV

I CDF Run Il Preliminary, 163 pl:\'1

Theory Cross Section (Prospino)
-- CTEQ 5M, Q=m(t,)

[] CTEQ 5M, Q=0.5m(t), 2mit)

-+ CDF 95% C.L. Upper Limit

M%) =40GeV

| | L
60 80

L | | |
140 60

| | |
120
Stop Mass (GeVic")

I [
100



RPV

Search for Stop decayinginb + 7

Search for Lt — bt i db Tlep
Selection: 1/ (I=e, p P;>10GeV) + 17, _ 4 (P,>15GeV)

+ >2jets + MT(I,ETmiSS) <35 GeV (to remove W)

BR( 7 — p7)~100%

CDFRun | Prellmlnary(200 pb-1)

[ Ldtz200pb_l‘ nt all
Exp. SM | 2.6+0.6 2.2+0.5 4.8+0.7
observed 2 3 5

pp—1,1—+(b1)}b1)

CDF Run Il Preliminary (200 pt!)

,_.
=
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=

o

@305

>

@ -

5250 } [ ] tt (m=130GeV/c?)
5 [ Z>1t

-g 201= B Z>eeup

2 sk | N QCD, tt, Diboso

=

1 NumberofjetM(t) > 129 GEV

bt) pb

S

1

—

(=]

o (pp—t,t,) x Bri(t

#122 GeWc%

CDF Run |, LEP {from 3rd Gen LeptoQuark Search)

1

— Omo (DD—-tt) Br(t*br) 100% |

- +IQPDF+Gscale . =
95% CL upper ||m|t

~ = CDF Run ]
Sy

aumace CDFRunIN_ 1.8Te\.f'J -
CDF Runll Expected (t16)]

|
=z

}
n
Y
1
20

i
1 O

160

mit ) GeV/c2



In SM, small BR ~ 3.5 10-°
but in SUSY, enhancement ~ (tanp)® factor

*Select p'u (P> 2-3GeV)

from dlsplaced. VG.I"[IC€S ¢ [oorpremmnay | | meel _
*Count events inside a = .| 364pp" sume oowmasoomss |3 | CDF Preliminary 364 pb
. E’_. Intrept 1526+ 7461 | = Bs(d)_>u“+u- = g CMU-CMU
M(HH) mass window @ Stope o g8
= -~ c =
(ilOOMeV around the BS E 3009 N(B")=1785+60 -g_‘: : J(:j g
pr(B)>4 GeV/c 3 58
mass)e 2004 sideband ‘E;E_D, sideband
0 event 1
*Normalize the upper limit  tofHgit 3y
to the number of .
0 T T g T T T
+ + 515 5.2 525 53 535 5.4 48 5 52 54 56 58
B — J/LP K events invariant mass / GeV/c” M,/ Gevic

at 90%C.L | Lum. (pb-1) | BR(B, — p+u-)

364 <1.5107"
300 <3.0107




Conclusions

CDF and DO have both covered many SUSY particles searches
using an integrated luminosity of about 350pb-’

s» Substantial improvement wrt Run |
s»Limits above LEP’s in certain parameters space
We are now analysing the 1 fb-" data, hoping for a discovery ,

otherwise there will be substantial improvement of the limits (see the
Tevatron Connection Workshop talks (June 24-25))
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