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Overview

= Introduction
m SUSY In a nutshell
m Experimental searches
— LSP, Charginos and Neutralinos
— Sgoldstinos
— Gluinos, Squarks (incl. Stop)
— Sleptons and gravitinos
— R-parity violating SUSY
— SUSY Higgs
m Prospects and conclusions
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~ Introduction

= | won't discuss the theory in much detail!

= NB! | will not discuss detectors—see
following talks! (they are all following...)
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SU SY on two slides

m SUSY symmetrizes SM

fermion and boson
particle content: just
add tildes (mostly)

SUSY is broken (no
light selectron) but we
don’t know how.

MSSM—parameterize
ignorance of SUSY
breaking with many
“soft” terms

— LSPis N1

— Signature is nl+mj+MET

Chertok, SUSY Searches, PIC XXI

MSUGRA—Dbreaking
transmitted to visible
particles by grav.
Interactions. Only 4.5

parameters:

IMy Common scalar mass
M, ,, Common gaugino mass

sign(m) Higgs mass parameter

tanb Ratio of Higgs VEVs
A Trilinear coupling

LSP can be N1 or
sneutrino

Signature as in MSSM,
stop can be light
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- SUSY, 2Md glide

= GMSB—gravitino (LSP) = AMSB—Super Weyl

| mass related to SUSY anomaly generates
breaking scale. gaugino and scalar
Relevant mass range: Masses.

— C1, N1 near mass

O(10* < M(G) <10%) eV degenerate.
— Phenom. depends on m RPV—L and/or B
NLSP, eg.. number violating
N1® gG, | ® IG couplings non-zero:
— NLSP lifetime can be — Sparticles can be singly
] appreciable. produced and the LSP is
unstable.

— Signature: more leptons,
less MET
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- LSP, Charginos and Neutralinos

m Cosmology: LSP is neutral, colorless,
weakly interacting (e.g.€;? ° N)
m LEP1: Js=M (Z°) look at G
M(N,) > 25 GeV, for tanb >2

m LEP2 :/s £ 208 GeV

— ALEPH: assume gaugino mass unification

and look for
e'e ® CC,NN,® nl +mj + MET
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- Limitson Neutralino LSP

0 ALEPH preliminary
Nﬁ 1 me=500 Gev/c? a)
3 ] tong =v2 ( ALEPH PRELIMINARY
~— n i 57 [ T T T T T T T
I s ] 3 | Mg=500 GeV/c? !
1 B8 LEP1 S) i ALEPH 208
20 7] SEZN |
| =
150 |

i (GeV/c?) tan

Similar results from D, L and O!
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- LEP-SUSY WG Chargino results

= Assume gaugino unification
* M, = (5/3) 3V, tan?q,,
= Chargino pair production,

decay via W* to leptons, leptons+jets, jets
m Efficiencies, backgrounds, and candidates
summed over A,D,L and O : all in agreement

m Compute CL for No Excess (CL for obtaining a less
background-like result than observed)

m Compute CL for No Deficit (cL for obtaining a more
background-like result than observed)
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| LEP—SUSY Chargino results (i1)

ADLD fa > 2075 GeV Gauglno '|ke Charg'no chtonq
observed j‘"" (Iar'ge sneutrino mass) leptonstjets, jets
HH '

_u. BR ('i 1 _> W+ 1) 100% CLl\{oExloess

00 FADLO Vs >207.5 GeV

Js>207.5 GeV
L = 35.2 pb™!

.....
o FADLO s 2075 GeV 50 60 70 ) 80 90 100
My (GeV) CL

"ADLO Vs >?207.5GeV

expected

an

" Small deficit

; 560
40 R
..... S 40 .
i 10
20
s v 11 . B,

50 60 70 80 90 100
My (GeV)
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- LEP-SUSY Chargi! no results (iii)

No excess = derive limits 1
Gupp.-:r limil (pb) tan ﬁ=2 M= -200 GeV :
w0 [ADLO s> 207.5 GeV wsl ADLO +s>?206.5 GeV .
BR (¥, —> W°) = 100% a
1.6 / -
RiF 103 —
14 — i
= _
@

12 g -
560 :"':02— N
= .
.8 101 S - —
Valid for large !
.6 -
m, only :
™ 100 |
Hoz Excluded at 95% C.L. ]

| ﬂn ] ] ] |

L 0 - i) w0 W) Y sl . M {G&ae"i."} Ll e

Mt (GeV)

mf_ 103.5 (103.3) GeV at 95% CL for ms > 300 GeV

1 obs. exp.
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HH Chargi no results in CM SSM

MSSM: 105 (or is it 1247?) new parameters!
Too much to scan. Add some boundaries

LEP2 (often) employs Constrained MSSM:

1. mO SU(2) gaugino mass param. at EW scale
2. M VEV Common scalar mass at Planck scale
3 % ratio of two Higgs doublets
4. M Higgsino mass parameter
5. Ab Common trilinear coupling
mA Pseudoscalar Higgs mass at EW scale

— Note similarity to mSUGRA:
m,, « M,,sign(m) « MA « m,

Typical scan; 0£ M £ 2000,/ £ 500,mg £ 500, Ay = M, £, 0




June

28, 2001

Chertok, SUSY Searches, PIC XXI

12

| Chargl no results in CMSSM (11

OPAL 2000 data

OPAL Prellmmary

(a) tan[i 1 5 I

1 110
m () [GeV]

50

[ (c) tanP= LS.

LU L L L

75 100 125 150

m (3) [GeV]

m(y) [GeV]

m () [GeV ]

Small Am IargeA m
Category || Region 1 I 111 WW-like
a | b
A total bkg. 2.8+0.9 28403 | 15.140.9 | 20.8+1.0 | 9.5+04
O |eptons observed 8 7 18 23 14
B total bkg. 0.1+21 LOL1R | 5.3£03 | 134201 | 37.3+0.7
>0 |eptons observed 7 7 5 16 3
c total bkg. | 20.4£42 | 22.0£L1.2 | 17. li‘J 0] 29. Sil 8 | 474£13 -
O Ieptons’ Nch £ 4 observed 24 28 34
OPAL Prellmmary
T T T I — 110 T T
(b) tanB—45 >
‘ 6 Tweak for most conservative
- [imit «
—~ 5

[ (d) tanB=45,~\‘

LI L L L

75

100 125 150
m(')c2 [ GeV ]

90

80

= [ /1007GeV .
& \;/ m, > 500GeV
=

>

AM>5GeV
Iul<0.5TeV

10
tan 3
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- Near mass-degenerate C1, N1

=m £Dm® m, - my, £5GeV

m Occurs in MSSM: 1) for large M1,M2
(higgsino); 2) in gaugino region if M1-Mz2
unification relaxed; 3) in AMSB since
M1/M2>>1

m Small Am implies long decay length for C1.
Examine 0 cm<| <80 cm

m Little hadronic activity, lots of MET
— Require isolated ISR photon for tag (cuts 99 bg)

13
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ALEPH PRELIMINARY
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- Near mass-degenerate C1, N1 (11

ALEPH PRELIMINARY

- Vs =189 GeV > oo
= = - —
+"‘“\Lﬁ\+\ a‘) :% 0,075 _""--———--._______________ b)
- Cm
= 0,015
Am = 0.25 GeV/ic®
0.0125
0,01
\ 0.0073 \ s= 189 GeV
\ 0.005 m_+=71 GeV/c®
4 5
LN 0.0025 m_<Am< 0.3 GeV/c”
| |
45 s0 55 60 65 70 75 80 &5 90 o L |
m -+ (GeV;’cz) 0 20 40 60 80 100
= A (cm)
AT EPH PREIL.IMINARTY
é\ 0.6
= -
oo tp ot
- +++++++ +++ 1 ﬁ» t % %
oL * 4t T i 1 1 WL
T it
031 +
- &
02 [ 5
[0 § ;
0 :I I_I 1 | | 11 1 1 1 1 1 I 1 1 I L1 1
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P, (GeV/c)
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- N ear mass- degenerate C1 (i
BH - ' | :\ALEPH preliminary
A
1
S o6~
e
03
02
 Stable particles; ::"& =
0.1 L u?jwm*ﬂ» i“&?\j‘j\q SR xS IRNE EREN

40 50 70 80 _9’0 100 110 120
MxJIr(GeV/C )

Assumes m}, > 500 GeV

E(g) = 21 GeV _
Valid for al tan 3
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- Search for Sgoldstino

m Spontaneous breaking of global SUSY
Implies the existence of massless fermions:
goldstlnos “Spartner” is sgoldstino ).

= Lightf unstable theoretically, motivates
search for M ) ~ O(100 GeV)

= Production: gg fusion

— Assume all other SUSY particles heavy.
Then S (pp® f) depends only on M (f ), JE

= Decay: gg,w,\N\N,ZZ,ff Diphoton good
choice for clean signal (Br~1-2%).

— Br(Hg, ® gg) ~1%, ; larger for bosophilic Higgs
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-~ Search for Sgoldstino (i)

CDF: 287 isolated 99 events, E; (g) 3 22 GeV

e CDF preliminary (100 pb™) CDF preliminary (100 pb_l)
= 107 « Data - [T T T T T T r T T T
g | >1750 = Pperazzi.Ridolfi and Zwirner
° e & [ hep-ph/0005076 )
?S 10 Fake photons :1500 - M3:M2:M1:ua:AS:AP:350 GGV/C :
2 = 2
: i _PM;;
< L A S ®f)= 3
1 L 1250 | | (99 ® 1) = 7
] | et +
1050 100 150 200 250 300 350 400 [ ]
m., (GeVic) 750 B / /// |
. : ) CDF chiimina_lr;r _ _ i 7
‘::: Ix Lo m¢=:sueclea.-1 _ - / ?/}@!7%?‘” ’é gé% 1
E %0 o Mome Carlo + detector simulation 500 - ;'/g/;éf//’y//’/ / :
2 70 m, =252.3 ; i "7 :
| s z'; i 25() | DELPHIExclded // /2
a0 | [ - T'=mg
; 5 /—" / S
0 00 50 100-150 200 250 300 350 400
(1
e 30 Narrow width preserves unitarity mg (GeV/c')

m. (GeV/icT)
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Gl uino LSP

m In some SUSY models, the gluino can
be light and stable.

— Forms R-hadrons that trundle through
detector.

m Standard MET+jets: loses MET !

m DELPHI searches:
1. LEP1: €€ ® §§00 Exclude: 2-18 GeV
2. LEP2: G® R decays. Look in:
_ ; g

F ok
e'e” — qqg — qqgg 2 jets+2 gluino jets

! efe” — tlt_l —  CgCg g® RO Ri
9

etfe” — byb; — bgbg

\




- GluinoLSP (1)

=
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Gluino Mass (GeV/c’)

g
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10 ®
PF0G® R°

R_

19

+d dE/dx in tracker

Treat as heavy

AE in CALO,
Treat as heavy K
with ~4 interactions

| DELPHI Preliminary : %m | DELPHI Preliminary :
Ecms = 189 to 208 GeV S | Ecms =189 to 208 GeV
t—scg P=I g t—cg P=0.
S0 g 80 |
B Mixed 3 B Mixed
— Left S | Left
60 &0

20

Excluded by LEPI Excluded by LEP1
(14 70 S0 g0 100 HI'G 050 ‘ I &0 — H'ICI I — 90 — H‘lﬂ‘ — IIJI'ﬂ
Stop Mass (GeWcZ) Stop Mass (Ge ‘V/cz)
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- Gluino search in like-sign top

m CDF’s scenario:

q*“” g ® tf(*)1
t® bW® blv

= Top-dilepton with LS
m Assume:

Br(t ® c€?) =100%

"

"

e e T =
e
- W -,
A x
IS |
T -,
(] J
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- Gluino search In Ilkeagn top (||)

+Reinterpret tt results B | — -
+L Scut removes ~all bg AN Lhimit
-Runs out of cross section!
Obs: 90S 3L Sevents

efficiency*Br
\
.\
.o cross section (pb)

o ]
N

Run I Ib? ............

10 "L | I
B FE— — 220 260 280, 300
¢ ueghuinomass
40

Cgunomas  LoOksgood for Run Il
already in progress
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Search for squarks and gluinos

m At TevatroQ,N R
PP ® 00, 90,049

typically dominate. (5) (1)

m Classic search is for
MET+jets from hadronic

22

decays in RPC scenario.
CDF Requires (in the box):

— E(j; ,)>(70,30,15) GeV

— MET>70 GeV (0) (2) (7) (4)

— No isolated tracks

— E((,)+Ej5)+MET>150 GeV
m BG: QCD,Z+jets,W+jets,tt
= Perform analysis “blind” Nyyi==0]f Ny=>0

Other boxes available
for cross checks
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- Search for squarks and gluinos (i1

CDF PRELIMINARY |L=84 pb™' Vs=1.8 TeV
EWK (W/rZ/t/diboson/single t)

10 3 + QCD
B Uncertainty
—*—Dﬁtn [
02 CDF PRELIMINARY [L=84 pb™' Vs=1.8 TeV
BOX. SM Prediction=76, Data=74
= T I T I T I E j T T E
< —~ 10 _ —H: 1
- [ B | r -
H 10 — < <o L ] ﬁ i —t— ]
i g,o:" ] Q 1 b ]’ - E 1 & —§
T = B !
\_I_+ = 5 1 Mo § i
[=a] = i 3
aa) 2 1
L 0 F, | | L T3
L 2 3 4 5 6 7 8 9 7 P c ; .
BIN NUMBER Nijet
Backgrounds in good shape
F I

—~ 210 E 1

3 s
@] o | F [ ] =

% S F
So check inside the box 2 S0 ;

| - |

50 100 150 200 200 400 600

E; Leading jet (GeV) H, (GeV)
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Search for squarks and gluinos (111

Evaarshd G

Eveaishd GeV)

&

m§ iGevich
E H B B B

5 B
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-
o

bt 1
W Vi)

COF PRELITMINARY [Ldi=gd ph'' vam] & TeW
_ BUEY AL, SR Predictices=337, Dein=3|

Evenishin

240 200
W AV E

1

Eventsf 20 GeY)

a0 (ECH)

w | }
1 }
| }
1"y i
10 1

“ &

B e

(113 r T L
1 1
! i
11 i
1 L3

m g (GeV/c?)

E, Leading jet (CieV) H eV
Box | METHT | Expected | Observed | Nysser . |
A | 060 32767 31 | 177
B | 110230 | 37+ 05 ;] 74
C 110,170 | 106 £1 14 11.9
D | 90160 |327x67| 31 17.3

500

450

400

350

300

250

200

150

100

E+ 23 jets search for gluinos and squarks

24

i1 ] ______ | CDFPRELIMINARY
Wl | = ngd,mb [Ld=84 pb" Vs=1.8 TeV
dilii | &) b<
\\ il o] msuGRa | ISATET ;27:3 PROSPINO
= e 95% C.L.
S S
: T <
&
3 & G-u.dsc |
s 1=-800 GeV/c”
MSSM
: \ CDF 84 pb™
‘. /) S~JCDF 19 pb 1] §
L CDF 4.3 pb™' |
: \ - D@ 14pbt  —
UA2 o
—==" Ep |
W“\“ T
\\\\\\\ \\X\\\\\\\ \
100 200 300 400

m g (GeV/c")

600
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-~ Search for Top squark

m Heavy top, mixing -> stop can be light
m Dzero performs search:

pp® £f, £ ® blf, {| =e,m33% ea)}
B Require e+ m+ MET (15.15,15) Gev, acoplanar
m BG: Fakes, Z° ® tt, tt, WW, WZ°

m BG: 13.4+1.5 expected, 11 observed

Set limits In stop-sneutrino mass plane
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Search for Top squark (1)

_ BR@ > b 1%) = 100% Why so much better
0 b 5 than CDF?
HH . o} § Didn’t use b-tag!
- . :  Instead, required e+tmto
“o >/ ALEPH reduce SM backgrounds
A «  Lower MET cut
E%—fﬂ) | 1 .
40
Dzero excludes.
30
’ ~ .1 | 1. (140,43) GeV
10k

50 60 70 80 _ 90 100 110
M(t,) (GeV/c?)

2. (130,85) GeV




| mt, ® c€lchannel:

S

ALEPH Preliminary

M <M, +M,

&

g

neutralino mass (GﬂVsz)

ol 2 CDFEXCIUSiy
0 ;

50 60 70 80 90 100 110

stop mass_(Gercz)
# ook for acoplanar jets:

13 events obs,, 10.7 exp.

2

stop mass (GeV.J"cz)
8 8

70
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- Search for Top squark (111)

ALEPH Preliminary

N

" (2.7.,65)

1 2 3 4 5 6

Low Dm, t (f,) sizable ™*
TinyDm, f, ® uc,
#|_ook for long-lived hadrons

0 events obs., 0.6 exp.
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Slepton Searches

eSimplest case: smuon NLSP

“mSUGRA inspired models: m(fiy, ) > m(fy,)

and mixing is negligible

_ + - - + -
*Production: ¢ e ?72 % M~ m

*Decay: mR ® nt

1

R'R

o .-, Search for acoplanar muon pairs

«Stau NLSP

*Mixing can contribute (at large tan beta)

*Selectrons: t-channe neutralino exchange enhances

S.

. Observed Slepton Expected Slepton

Channel Neutralino Mass Mass Lower Limit | Mass Lower Limit
Selectron 0 GeV 100.5 GeV 99.1 GeV
40 GeV 99.4 GeV 99.3 GeV
Smuon 0 GeV 95.4 GeV 91.0 GeV
40 GeV 96.4 GeV 91.7 GeV
Stan 0 GeV 80.0 GeV 85.1 GeV
40 GeV 87.1 GeV 89.3 GeV

irmed !

Earlier excess unconf

B 1Daie

ml:u_',.u-'.

: Smaus

it Candidaies
=w us m 183208 GeV
Exp:ADLO

= =5
o
" B
(=]
]
0
a o
T
i Staus <o
=3 Expectled background En
] s = 1§3-208 GeV
ExpADLO o
o
" )
M

Smms
CL{MoExce st
e | =328 Ge .

ExprADLO

o
Bl KN

Stams
CL{MaDeficin
we=183-208 GeV
Exp:ADLO

L



Sleptons in GM SB (long-lived)
Delphi considers slepton NLSP
2. Slepton co- NLSP with 1, ® IG

1. Stau, with t; ® t G

= Avg. decay Iength~\/(E|~/n})2-1-m§/nf

Grav. Mass (eV) | Search method Hexp/#obs

<1 IP 3.3/4
- 1-10 IP 2.4/2
10-1000 Kinked tracks 0.94/2

>1000 Large dE/dx 0.25/0
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- Sleptonsin GM SB (i

Exp. limit
Vs=130-208 GeV p

.
IIII 'I T T T TTTT
|“
£y
-

T T T IIIII T T T IIIII T
DELPHI Preliminary

—~ 80 T
&
.EI 70 Ecm =208 GeV
LE misiepton) = € cz
& (slepton) = 60 GeV/
50 IP + Kink
40
selec. \~..
30 N \
J / stau pt ns
) i’ . \\ 4“ L raaial 1 e ool 1 o raaal 2 1
0 Large IP | .. . 1 10 10 ﬂ“
/o N T o mg (eV/c")
) SO P VTR S, B Stau limit afew GeV worse
1 A Memlé]ecay length (cml)o
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Sleptonsin GMSB (1i1)

m OPAL performs related searches
ete™ — 00 — (LO)(0'¢") — (LG (£'0'G)

OPAL Preliminary
‘E ML BLEL N L LI B E L 60<m(N)
Z 10 ] accept |2 (b) '
> (a)g o <94 GeV
M 1  Reguire | el B m =50 GeV
4 +E_.
| B S0 ¢ NN mISS_:
10 .......
10 P P B L
0 2 4 6 8 0o 2 4 8
N

SM. Data = SUSY Ve



. June 28, 2001

Te™ — Xle — (fﬁ) (E'E’ MG

Require 4l +E -
|

Result: 1.5 exp, 0 obs

5-10 ch. tracks E
Appreciable E ;i
Veto WW ® qg'In

Result: 5.2 exp/10 obs

Require em ort, %100

Chertok, SUSY Searches, PIC XXI

: Sleptonsin GMSB (iv)

60

ete™ - T4~ — (UHFr)(—71) — (TG (¢ 17G)

80 100
m(%] )[GeV]

T T T 11

~(c)

B --c.ﬂ15|:|h
90 [ < 12}h
80 |
70 |
60
50

LI IIIIII_
El

60 70 30 9% 100

m( &)[GeV]

m(T)[GeV]

70 |

60

50
60

32

0rG) OPAL Prelmlmary
r T | T T | T T T | T = : T T | :
~(a) 15w (b i
__ - Je - <0.070 pb =
: € ???ﬂiﬂ? % 20 I Bm < 0.054pb ]
35y EENiE Y E
- <0030 Eq," 80 [ mm <0.046pb, i
70 | :
0 [ .
50 :”

80 100
m(%])[GeV]

70

ﬂ
l‘.]
= (.
Q.

15 pb
0.12 pb
095 pb -
022 pb -

ﬂTBpr

80 90 100
m([1)[GeV]
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via |’ coupling: €' pb

Cross section small as
proton antiquark must
participate

Decays to:

et +w orv, + d’

ALk production process

111 ||e* + @ — dp|[e +d — iy,
112 |let + a0 — 3g|| et + s — @y
113 ||e* +u = ba || e +b— i,
121 ||et + e drl|| et +d > &
122 |let+¢—= 35| et +s5s = ¢
123 ||et +e > br|| et +b— &
131 |[e* +T > dr || et +d - i1
132 ||et +1— 3g|| et + s > 11
133 e++t_—>a et +b—1r

33

- HERA R-parity violation searches

= At HERA, resonant squark production

Cross section scales as
)
I1j1 >d(X),

- 2
x—I\/Iq/s

Decays to:

et L ¥
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- HERA RPV searches (i)

m Search assumptions:
— Only one RPV coupling dominates
— Squarks undergo RPV and RPC decays
— LSP can be € ,C”li, or § which decays
LSPP gl :
— Sparticle lifetimes u
neglected

34
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Channel Decay processes Signature
LQe i 25 et g high Pp et + 1 jet
LQv T’_ﬁ l;. o d missing Pr + 1 jet
g — g X
A
— etqg o
eMJ | § — g X ]'? e
o qF ¥ + multiple jets
‘£>c+qq
& — q }C’g'.ﬁ
fir [Ty £
e MJ g — g X (i.e. wrong sign lepton)
—  qq Y + multiple jets
A
£
g — q X
A
< vig ..
vMJ 7 — 9 X +nr-11'z1j]st]inc]‘eezts
o qiY ple]
A
3 pad
G — q X
—b fv,f Y
»
— etig
g — q X e
el M.J = Y + £ (eorp)
i, etdq + multiple jets
g — gq X
— ete” ¥
A
— viq
g — q
—) fl/'f Y
‘i’}y £ (e or p)
vEMT - % + missing Pr
g — 4

— putpm ¥
I
< vig

+ multiple jets

10

- H1 RPV searches: 1994-97 data

T T a T
(@) . Hidatay >y, g 102 (b)
== NCDIS,y, >Y.,
L (with uncertainty)
----- SUSY signal * H1idata
M, i = 200 GeV
(arbitrary norm.) 10 = ccois
(with uncertainty)
i _+_ ------ SUSY signal
M i = 200 GeV
g L (arbitrary norm.)
H1 o ‘| H1
- -1 - _I_.‘ |
100 150 200 250 1 100 150 200 250
M, (GeV) M, (GeV)
0N T w T T
it it s
= | € e Hidata ()
Q Q SM
o o 20f|| — §
SUSY v+jets |
(arbitrary norm.)
10
0 -
20 40 60
E T, jet2 (GEV)
2 a ®m :
c c --- 200 GeV squark|
2 g 2 (arbitrary norm.)]
(1 (1 ]
15 .
10 =
o (d)
5 aE .
25 50 75 100 100 200 300
0 o1 (deg.) M___(GeV)

35
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- RPV searchesat H1 (il

Channel Selection Cuts Efficiency | Noby Nezp
DIS ke channels: 7 > 2500 Ge V. y <09 No excesses. Proceed to set limits;
Ey. = 15 GeV 1
P’J',rm'”."rv-msil\fm . - -1_ T L S S S [T T T T T T 7T L T T T T T T 1]
LQe 025 (k= 7)< T0GeV 40-70% | 310 301+ 27 = - [ 1= - 200 Gev |
optimised lower y-cut — I
g ! | M, =280GeV
- b | — 1
LQu | time i"—mf?cev 0-80% | 213 199 + 12 -1 tan p =2
e 10 | E
channeks with: & + multijets + X - ]
e-preselection: fy, = 5 GeV, = 2 jets: by jopq 9 > 15, 10 GeV, high y.; angular cuts ‘=1 EMT L= ]
P miss < 20 GeV ) 2 [ e |
oM 40 (E =P < T0 GeV B-50% | 159 =S 10 | e =
...... M = M ]
slepton squank (a) 1
— eM.J criteria p—
M “wrong” charge of bl 12403 75 100 125 150 175 200 225 250 27¢
. I M squark (GeV)
o L SP: 40 GeV photino Ge
ee MJ Ere > 5 GeV = W% 0 07+04 = -
5 O < 110° M sleplon M squaik Mslepton 90 GeV
= 1 4_ | - 1 T T
@ " [(b) S (E ——
3.~ e a s,
ep M J {‘:,,’ :;j 5{015:‘; 15.50% 7 424132 .
k
Al »
Promiss = 15 GeV - s o
veM.J e > 006 = 0% 1 32412 10 %)
::: a
channels with: v + multijets + X f
v-preselection: Prmiss = 26 GeV, = 2 Jets: By o2 = 15,10 GeV E
i
[
By = 15 GeV . H, q -2
v MJ S (BT, < 5 Gev W-60% | 21 23+ 4 10 H
100 150 200 250 100 150 200 250
GeV GeV
A
v M ”';,,’-:i . 5{‘]?::", ~ A% | 0 05402 squark ( ) ) 5'-1'-'3"" ( )
b
Add up all contributions!
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| I\/Iore RPV Ilmltsfrom H1

Unconstrained MSSM, j=1,2

I
| EM_strength coupling:

Exclude squarks
below 260 GeV

CMSSM

120k [ excluded by H1 for 1, =03 -

=1
fﬁ:jdw . < Constrained MSSM
. 70< M, <350 GeV
H 1 " Mgp>30GeVimposed (a) 3 HA1 M, cp >30 GeV imposed  (b)
100 150 200 250 10 100 150 200 250
M squark (GEV) M squark (GEV) _
10 o
MSUGRA MSUGRA
= 14. S
8 18 ?H1"-.. [ msucRraA,j=1,2 | @ 3 1o H1 | msuGraA,j=12 | ®)]
--:140 3 tanB=2p<0,A; =0 ‘-'%140— tan p=6,1<0,A =0

- 300 < pn < 300 GeV
2 < tanp < 40
H1i Mg, > 30 GeV imposed

L
160 180 200 220 240 260
M;1 (GeV)

High tan beta: LSP is Zino:

Suppresses positron decay, while H1

15I:I I2IIJIJ 25I:; 3I:;D 350 IJ.-. 5IJ .:I.IJIJ 15IJ 2IJIJ 25IJ 300 350
m, (GeV) n(c;.f.-\.-)re'[al ns sensitivity with neutrino channels

100
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More RPV limitsfrom H1 (il

S [T S T
R ‘Ht-. mSUGRA, j=3 | @] 3 160 H1 mSUGRA, j=3 | ®)
=140 | |:| Excluded by H1 for[\’ ,, = 0.3 =140 —_|:| Excluded by H1 for)" ;5 = 0.3 |
£ [ tan p = 2
120 - . p<O
"*.. AO =0
100 N CImiE

.....

o
.....

,,,,,,

...............

.......

0 50 100 150 200 250 300 350 ] 50 100 150 200 250 300 350
m, (GeV) m, (GeV)

L3 limit is independent of
magnitude of RPV coupling

large tan b dependence
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- RPV searchesat ZEUS

|
m Assumptions for this scenario:
— At most one lambda’ coupling non-zero
— LSP Is N1, gluino heavier than squark
—Set M, =(5/3) <M, tan*q,,
— My=0, trilinear couplings=0
— All 1st gen. sfermions assumed mass
degenerate
Search for |, >0 with 1994-1997 e*p data: 48 pb*
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class circularity signal backgrounds | variables
cut topologies
v c> 107" | vqqq,vqqqqq | CC-DIS, yp | M,l.y
et low-¢ | e< 1072 etq NC-DIS, ~vp M.,y
et high-c | ¢ > 1073 | e*qqq,e*qqqqq | NC-DIS, vp | M, .,y
e c>10"% | e"qqq,e"qqqqq | NC-DIS, vp | M, .,y

- RPV searches at ZEUS (i)

Analysis classes

40

M = reconstructed mass for event

o|c=log(circularity)

sy~E-Pz transfer from e+ to

hadronic final state

Dramatic background rejection with final cuts! @

preselection afterQR):ut
class Ac | Beo | NEr=' || Afinal | pfinal | pyobs
v 12.8% | 137 162 || 10.2% 0.9 3
et low-c 0.2% | 88 66 || 0.0% 0.0 0
e™ high-c || 14.0% | 441 439 || 9.0% 0.5 2
e~ 6.2% | 0.08 0| 6.0% | 0.01 0
Acc  #bg #obs Acc #g  #obs

Opt for each:
m, =220 GeV,

m=- 180 GeV,
M, =100 GeV,
tanb =2
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& L L B

RPV searches at ZEUS (iii)

1 o

§I0 4810
Y )

events
events

N P T T 1
1o 20 40 60 80 100 10
P (GeV)
s f 18 2
+ 4T “’
1k 1 0
10 0
-3 -2 -1 0 200 220 240 260 280 P P
log,,(circ) Mass (GeV) 3 2 -1 0 " 100 150 200 250 300
log,(circ) Mass (GeV)
Neutrino sample, M>200 GeV Electron sample, M>100 GeV

Discrepancy believed understood! (no events pass selection)
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- RPV searches at ZEUS (iv)

d
M:qmrk=220 GeV, u=-180 GeV, M2=fﬂﬂ GeV, tanf =2 :é:‘ " 7R

US Preliminary 94-97
[ -200<u<200
| 90<M,<290
| M())>40 GeV

[t

10" |
l0g,4(R) 140 160 180 200 220 240 260 280
quuark (Ge V)
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- R-parity violation search at DZero

m Search for non-zero | z,k,u =12k =1- 3)
— LSP decays €, P nmgq'’

— Require 2 m(15,10) + 4| (15), H,>150,
aplanarity cuts

— Complementary to ee+jets search
— 0.18 events expected, O observed
— Set limits in mMSUGRA framework:

tanb =2, A =0, m<0, scan: (m,,m,,)
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RPV search at Dzero (I

140 -

.
]
I

; (ranijr ;izts /tan b 2 This expe;n;rn'; E;;%E.L.G
120 —

g = 150 GV

il ._ "1 e | 05 50 100 150 200 250 300 350 400
Ll oA iils

90 50 100 150 200 250 300 350 4C m, (GeV/c%)

m, (GeV/c?)

tan b dependence: gauginos become light-> soft muons+jets

(M> 0 would reduce limits: L SP photino content diminished)
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- Dzero RPV Slepton search

e[_ook for smuons and sneutrinos from
enon-zero | »11 resonant production

a B i 7
AY
| L .
~t *"‘J
i id i€ > = < i it i
w4 d! | L RS
(a)

u . . dk 7 i u’ " . i
| L .
ik o ¥ i
; pd, o j> - < . \ IdL i
A e dow WV u ¥ d e (e ¥
(b)

i’ a! i°

3
d ] X
! ~k Vi ‘I'“-j
. ) d . . = . dy .
] E it 1 i 3 | i
| R d v d o - -V
(c)

o i 0

; a o i
B D e e
| L .
-k *-J
. 3 d y > - < i i 1_
Ve g u’ | R S
(d)

_Smition, | 3 =0.08

S

cross-gection [ph)

45
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- Dzero RPV Slepton search (i)

m Signature is 2 muons + 2 jets.
= Backgrounds:
— top, WWH+jets, Z+2jets
— Drell-Yan, W+jets negligible
m Perform NN analysis. Variables:
— Et(j), Pt(m, M(mn), DR, sphericity, aplanarity
m Reference point: m, =200,M, =200,tanb =2,m<0
— Result: 6.4 signal evt, 1 bg evt, 2 observed
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- Dzero RPV Slepton search (i1

a7

|]._1<D tan;@):zl
E110} i —— w<0 tan(p)=
100; /

90, S I N A

1/2

260[

8of ™~ =

m_ ...... /

VW ZuRN =

ASZANEN
40 - - } ;

A S P 180f

120 140 160 180 200 220 240 260 280
m
/ T

[1<d0 3L0.09 tan(B)=5| 160 ereeesesennemsenpasssiens gl snianssnsenenseassesesjernsensssnsenssnssansinscgffinseesyponnsgllonsannanssasies

ar
2] L

E1oc; 140_5

gof

120§

80F

10D e i B8 E RS

3 80f- | | 1 | s g
60_ : | | | 1 1 | | | | | | | | | | 1 | |

= A 100 120 140 160 180 200 220
501 m

40F
L [ I T S T N

120 140 160 180 200 220 240 260
m

%

looks exactly the same with smuon mass on x-axis
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R-parity violation search at CDF

m |dea: test 3" gen. RPV coupling:

pP® tt, t, P I
® (binn, )(bt ) |
m  Final state “looks like” LQ3 analysis.
Improvements:
1. Lower B electron cut,P. >10 GeV
2. Track-basedt | id, includep °reconstr.

Significantly improves acceptancefor Z° ® tt




June 28, 2001 Chertok, SUSY Searches, PIC XXI 49

- RPV search at CDF (i)

m After baseline selection, remaining BG:

Z°® tt, W+ jets, QCD
— Final cuts require:

CDF PRELIMINARY (106 pb'l)
45 -

M. (& E;) £35 GeV, g | s
b t,—t'h) = b
ET (e) + ET + PT (t h) 3 75 Gev, % ® . ]93?% C.L.)Upl]?t?riimit
— Result: B
20
- 1.9 eXpeCtEd 15 M(i,) > 111 GeV/d?
* 0 observed 10 y
5
Also have cross section limitsfor t ® mn

| |
80 9 100 110 120
M(t,) (GeV/c?)
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.
- SUSY Higgs A @ {

= LEP2 (WG) looked
m at ee ® hOAO HIGGS BOSON
® (bb)(bb,tt )

= Constrained model:My,g,,M,,m A tanb,m,,m,
m L3 results, e.q.:
decay |background ngrggiGleV observed

A’ ® bb 7.8 3.2 12
A ® tt 3.2 0.4 2
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- SUSY Higgs (i)

m Examine 3 scenarios:
1. no mixing (top squarks)
2. m,-max: gives heaviest h, (conservative)

A .
3. large m=1TeV (alt. decays of higgs)

M, 2
p=-200 e

IIIII

EEEEEEE

i 100 200 300 400 500

(il 80 90 100 110 120 0 100 200 300 300
m, (GeV/c™)

m, (GeV/c’) m, (GeV/c)
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-~ Prospects and conclusions

m | didn’t have time to cover it all! Vast
field at present and foreseeable future
— LEPZ2 final results soon: RPV, GMSB

— Tevatron Run Il underway. Major detector
and machine upgrades. First physics

results early in 2002. CDF-DO WGs!

polarized lepton beam, etc.

— H1 and Zeus will take much more data®
L OOKING FORWARD TO IT!

= See following talks for details.




