R-parity Violating
SUSY Searches at the
Fermilab Tevatron

Greg Landsber g

Brown University

(for the CDF and D9
Collaborations)

July 12, 1998



Outline

It
W

o R-parity Phenomenology

» Current Constraints on R-parity
Violation

« HERA High Q? Event Excess
Saga

o Tevatron Searches for R-parity
Violating SUSY

s HERA-Inspired Searches
m General Searches

e SUummary
o Future prospects

SUSY 98, Oxford Greg Landsberyg, 1; ¥ "RPV SUSY @ the Tevatron"



=¥& Phenomenology of the
‘=M R-Parity Violation

SUSY introduces an extra discrete
symmetry: R-parity, or R

p-

B 3B+l +25 B - baryon number
Rp — (— 1) L - lepton number

S - particle spin

Originated in a footnote®” of classical Farrar-Fa yet
paper [PL 76B (1978) 575] - 20 years of R-parity!

RIO
“Ordinary” SUSY
) +1 -1 :
particles particles

P-parity? - Was taken!; Q-parity? - Excuse
my French!; hence - R-parity

RPV couplings describe lepton or
baryon number non-conservation (given that
the angular momentum is still conserved!)
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- Full SUSY
‘=M=  Superpotential

Superpotential.
W =Wssm +W;{p

Wyssw = PLiH, E h.‘?'Q.H SJ. + hi;‘QiHlLTj +uH,H,
] ™ 1 A Y el
Wy —EAUKLILJE )\UkLIQjDk+§)\iijiDjDk+KiLiH2

I,],K - generation indices; L,Q are lepton, quark doublets;
E,D,U are electron, d-, u-quark singlets;

AA A" =RPV couplings;k; dimensionless mass parameters

Including SU(2) , and SU(3) . symmetry requirements we
end up with 9+27+9+3 = 48 new terms beyond MSSM

It's conventional to perform (L ;,H, ) rotation:

Wy =Xy LLE, +Aj LQ D, +Aj,U,D,D,

Lepton number Baryon number
violation violation

oo, =Ny |8 uia: - e mas - (6 Ful (@) +
+v didk+yid/d¥ +(\7;)Cdg(a”;)*]+ h.c.

SUSY 98, Oxford - Greg Landsberyg, by "RPV SUSY @ the Tevatron" 4




& RPV Decays and
‘ME Experimental Bounds

Proton Decay

—»—/ ibliec/ay/ye
> < Neutralg <

Decay

u

Current RPV coupllng bounds
(mostly 10, m=100GeV): [H.Dreiner, hep-ph/9707435]

Bk A [T A k] A

121 111 0.001 |211

122 0.05 112 0.02 212 0.09

123 113 ' 213

131 0.06 121| 0.035 |221

132 ' 122 0.06 222

133 0.004 (123 223

231 131 0.035 |231 |

232 0.06 132 0.33 232 0.39 332 0.26 313 0.43
233 133| 0.002 |233 '

CC universalit y |double B R,(2) o~ N-bar
T - ewluyv |Atomic Parit y V. |11 o evipv Indirect
v, Mass D"-D"bar mixin g |D* -, K'pv/K ey 2 bounds
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T

"M HERA High Q? Events

New York Times
February 25, 1997

HERA at DESY
(Hamburg)

Footprints of a
Leptoquark?

At the DESY accelerator in
Hamburg, Germany a positron
{the electron's antimatter
counterpart) collides with a
quark. In a few spectacular
collisions, the positron nearly
makes a U turn. One possible
explanation is the momentary
ZEUS creation of a strange new

" particle called a leptoquark.

4 eventS Positron and a quark inside

a proton are accelerated

(SM 0.9 ) close to the speed of light

and then collided

High Q2 events in
20 pb' of €'p data

E [Rarv= 12-Ches- BIFGG

Er iG=V)

r...'JI.I.ﬂ.

-:l-""\-r‘

3 eIl
) I-"r':_"_n'\-

-2 LI_|,‘|Ir"
Hi Run 15657Y Event 100110 Date 10/08,/1996

[@7 = 31420 GeV?, y= 0.78, M= 200 GeV

The high-energy positran
nearly reversas direction,
Hl 5 possible evidence of a

leptoguark.

/ events
(SM: 1.0)
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S HERA Hig

h Q¢ Events

' And RPV SUSY

Vs =300GeV

e\' e
l; r C y t ‘/ 7
A 121’)\ 131 Lt A 121’)\ 131

Need}\ , In order to use
valence quarks In the protol,

Choudhury/Raychaudhuri
PL B401 (1997) 54,

PRD 56 (1997) 1778;
Altarelli et al.
hep-ph/9703276;
Dreiner/Morawitz
hep-ph/9703279;

many others

A'11, IS severely constrained by

neutrinoless doublg3-decay

o After the 1997 data set has been analyzed the

significance of HERA anomaly did not improve;
In fact, the 1997 data alone does not exhibit any

significant excess of high events
« Joint analysis of the H1/ZEUS data does not

support an explanation of the HERA results with

a single narrow s-channel resonang¢®e.Bassler,

G.Bernardi,Z.Phys.C76,

223 (1997)

o« However, the HEP community attention to the

RPV SUSY searches was attracted and a lot of

studies In this direction are being done
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F& R-Parity Violating
‘== SUSY at the Tevatron

At the Tevatron

SUSY particles $%  CDF PRELIMINARY 107 b
could be produced | ™
in pairs via strong : %
interactions >

N
o

(e.qg., via s-channel
gluon exchange)

w
o

N
o

[HEN
o
L L e e T

LS
4

HERA-motivated Ooizo_4o 60 80 100 120 8140
RPV searches: M(e eV

General RPV searches:
_ Hcﬁ - (ax?) @x?)otr - qlaan*) aloa®)
°x° 0t - (qa1*) (oq)

PP -

g]l:l




& RPV in Gluino Pair
‘=M= Production (CDF)

PP - 99 Aoy
g - c¢, +cc, O — ce'd+ced

op — (e*e+ or e‘e‘) + jets

o Model:

s Choudhury/Raychaudhuri PRD 56 (1997) 1778

= M () =M(dp) =M(@F)=M(@@), i =123 a=13

m Md)2=M(@@)2-M@U')>+M(d")?-M(W)?cos2B; tanp =2
= M(@)>M(G)>M (S )=200GeV

o CuUts:

= 2e’e’ ore’e with E; > 15 GeV, |n, | < 1.1
m 22 jets with E; > 15 GeV, |n| < 2.4
= Missing E; veto (£ /VZE; <5 GeV'?)

o Data:
= No events in 107 pb™

SUSY 98, Oxford  Greg Landsberyg, : "RPV SUSY @ the Tevatron" 9




F& RPV in Gluino Pair
‘=M= Production (cont'd)

» Signal Monte Carlo:

[SAJET 7.20 + CDF Detector Simulation (QFL R-parity

160 £M(@)=210GeV/& | 1e0|  M(g) =250 GeV/é : :
140 ; ;ir 140 ; - \/I()IEitIr]EJ

20, g o 12006, ¢ Ty e decays

; ! 100 |2
so| [ i 80F i
6o F il 60 | |
40 F 40

S R RN b Yo Y P e N N L £
0 100 200 300 OO 100 200 300

E, for LS ee ©¢v E, for LS ee ©¢v

160 [ M(g) = 300 GeV/é | 160 | M(g) = 400 GeV/@
140 F o 140 F -
120 F i 120 F  dan

100 |2 ¢ iglm & 100 |2 G
so| it sgof i
60| | B 60 |
40 | 1 40 |
20 § 20 [

Lesiel 0 1 0 Tt ke el B Lk vl
0 100 200 300 OO 100 200 300

E, for LS ee ©¢v E, for LS ee ©¢v

» Backgrounds:
= semileptonic b- and c-decays; negligible
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F& RPV in Gluino Pair
‘=M= Production (cont'd)

o LIMIts:

= Based on NLO pp - gg calculations by
Beenakker et al. Z.Phys. C69 (1995) 163

N

R, @ -ee +22]
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F& RPV in Gluino Pair
‘=M= Production (cont'd)

o LIMItS:

= Based on additional assumption of
Choudhury/Raychaudhuri BR value

HN i
R, @ -ee+22

—
g I I- NN AILN LA TIDHYN\/
2 DF I-’I'(I:LI|\/II1I R
— -
Q 107 pb

Nl

+ 1
Lo

() \\

! \ 95% C.L. upper limit
o)) @ N = —@ ®
02 4 N\

= \\
é 10 \\ 1] ~

b N\, N ) =200 A\ ira

\\ Vi \’L" UV 'oOcCV/y
N\ tan(3=2
5 \\ (‘hrudhllry and Rayr‘handhur
7 e
1o Theot G(C]ij)i \\Phys. Rev. D56, 1778 (1997).
- (ST o)W | \\
INLU = U1 I1VI N\
/E‘I\ A NN \./.1]
M(q) =400 GeV/C AN
Beenakker et al.; Z. Phys. C69 (1995).
-3
10

200 225 250 275 300 325 350, 375 400
M(g) (GeV/é)
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F& RPV in Gluino Pair
‘=M= Production (cont'd)

o Limits in M(g) vs. M(q) plane :
= Br=1:c, can be LSP (with RPV decay)
= Br<1:x% canbe LSP

mjs .
Rp Q- €6 + =2

<5800

S ~ CDF

o PRELIMINARY

:@700 107 pb |

9 600 =

®© Excluded at

S 95% CL.

<50l N

g | ] Br(c - ed)zO 5

3400 ,,,,, m+ Br(c - ed) 1.0

§ 7 ‘

o | / M(CL) = 200 GeV/?:

C 300 | / ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, |

) | A 3 tan B= 2 ;; |

) i | | | Choudhury and Raychaudhuri

L 200 ‘ ‘ ‘ ~, Phys. Rev. D56, 1778 (1997).

(29900 210 220 230 240 250 260 270 280 290 300

Glumo mass M) (GeV/é)
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F& RPV in Squark Pair
‘=M= Production (CDF)

pp - 9 - (%) (@x°) 0 - alaare*) g agre*)
PP - (e+e+ or e‘e‘) + jets v

o Model:

m Light stop is considered separately from 5 other
mass degenerate squarks

= M(X})>M(@)>M(X]) (suppresses q — 0X;)
s M(X;) = 2M (X;) (gaugino mass unification argument)
s M(X5)>M(E)-M(b) (ensures BR(E, — cx°)=1)

o Cuts (same as in gluino analysis):
= 2e’e’ ore’e with E; > 15 GeV, |n, | < 1.1
m 22 jets with E; > 15 GeV, |n| < 2.4
= Missing E; veto (E/VZE; <5 GeV*?)

o Data:
= No events in 107 pb™
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F& RPV in Squark Pair
‘=M= Production (cont'd)

» Signal Monte Carlo:

ISAJET + CDF Detector Simulation

200 g \ Entriﬁ)s 1;20
150 | i M(g)=210 GeV/
: P ME%L):ZOO GeV/é
100 | & 2
50 |
0 e e
0 100 200 300
Et(e1'2) LS GeV
200 i | Entries 1155
150 [ M(C, }=200 GeV/é
100 F M(X)=100 GeV/é
50 |
0 o DT L
0 100 200 300
Et(eLz) I_S GeV
200 : | Entries 1648
150 F s, M(C,)=200 GeV/@
100 17 Py M(X3)=195 GeV/é
50 i [
0 100 200 300

Ee,) LS &

eV

200 ¢

150
100

200

150
100
50

200

150
100
50

e, M

| Entrigs 1820

M(g)=210 GeV/é
ggz):zoo GeV/é

PR !
100

2oo 7300
Et(J'I,Z) LS GeV

) M(Q‘j):loo GeV/é

| Entries 1155
M(C, )=200 GeV/é

L T hertang,y
100 200

' 300
Et(,] 1 ’2) I_S GeV

0 L&

e, M(XD)=195 GeV/é

| Entries 1648
[
M(c, )=200 GeV/é

0

PR !
100

50300
Ejia) LS e

» Backgrounds:
= semileptonic b- and c-decays; negligible
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F& RPV in Squark Pair
‘=M= Production (cont'd)

o Limits: ]
= Based on NLO pp - tt calculations by
Beenakker et al. NP B515 (1998) 3

[ [ O O .
R, 4t - cxgc‘:xg L Ee + 22

S ° ;
sS4 CDF
= o PRELII\/IINARY
Nl : :
vl | | 107 pb1
o T i
"o
N
SN S S A I
5 09 9% ClL.
o 0.6 ~upper limit
M(XO)= M(t)M(c) 3 o ——
0.2} ‘
Br to LS ee = 1/8 - ‘ T
Theor.o(t, T): NLO - CTEQ3I\/I
01 o ; ~ Beenakker et al., Nucl Phys. B515, 3 (1998).

100 110 120 130 40 150
M(E,) (GeV/€)
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F& RPV in Squark Pair
‘=M= Production (cont'd)

o LIMits:
m Based on N

LO pp — gq calculations by

Beenakker et al. PRL 74 (1995) 2905

00 Lo _ Lo + + :
IRp M- aqx,ax, -~ €€ +=2j
~ 2 : ‘
g | —CDF
= PRELII\/IINARY
AL l 7
"o 8-573’ MOO=M@2 e
L 06l N o |
Coal L 9%CL.
% 03l ‘e Upper limit

O ‘ .
0.2/MOD=M(@)-M(@)  ¢—— - "

:@‘\‘“

"o

L 28

6\ \\O ™
03l ! Brto LS ee = 1/8 \G ) A
007 Theor. o) no-CrEuy © %
0'05 Beenakker et al., Phys Rev. Lett 74, 2905 (1995) o

100 150 200 250 0 350

SUSY 98, Oxford - Greg Landsberg,

M(q) (GeV/é)
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& RPV in Neutralino
‘=ME Pair Production (DQ)

PP -+ XX + X~ (€8) (€8)+ X 08— e(ad) elom) + X
D - ee+=4jets N

o Model:

= Neutralino is the LSP

= Neutralino decays inside the fiducial volume, i.e.
A'>10°8

s SUGRA framework: my, m,,, tan(B):2,><), sing(u)<0

= A}, #0 (sensitive to other combinations too)

o Cuts:

s >2e with E; > 15,10 GeV, |n | <1.1,1.5<|n,| <25
= >4 jets with E; > 15 GeV, |n;| < 2.5

m Z(ee)-veto (M., <76 GeV or M, > 106 GeV)

s H;=3E/+ 5E;*> 150 GeV

o Data:

= 2 eventsin 96 pb*
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=F&= RPV in Neutralino Pair
‘=M= Production (cont’d)

» Backgrounds:

= Drell-Yan with >4 jets (ISAJET 7.13)
= tt- ee +jets (HERWIG 5.7)
m Z(TT1) tjets - ee +jets  (ISAJET 7.08)
m WW+jets - ee+jets (PYTHIA 5.6)
= QCD multijets (Data)
o SIgnall g o7 gome e x: 8 - K0+ X
s ISAJET 7.13 [

G — XK+ X 1T - X%+ X

BR fractions: H.Dreiner, M.Guchait, D.P.Roy [PRDB (1994) 3270]

« Background Summary:

= D-Y: 0.42 £ 0.15 (stat) £ 0.16 (syst) events
m {t: 0.08 £ 0.01 (stat) £ 0.03 (syst) events
m Z(T1): 0.08 £ 0.02 (stat) £ 0.02 (syst) events
n WW: negligible

= QCD: 1.27 £ 0.24 (stat) events

= Total: 1.8 £ 0.2 (stat) + 0.3 (syst) events
(consistent with two events observed)

SUSY 98, Oxford Greg Landsberyg, * "RPV SUSY @ the Tevatron"
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T RPV in Neutralino Pair
‘=M= Production (cont'd)

» Signal vs. Background MC:

270
Z 0 Signal Z B
: 15 © top — leptons
10 - 10 F
: 5
Oii\‘\\\\\\‘\i‘m O::\\\\\m\\\\\\\
0] 2 4 o 3 10 0 2 4 o 3 10
Number of jets J Number of jets NJ
8 & r
= 3000
5 ww — ee Z -
- 2000
4 = - DY — ee
> 1000
O [ m } /\ [ ‘ [ ‘ I O ‘ T ‘ [ ‘ [
0 7 4 0 3 10 o) 7 4 © 3 10
Number of jets J Number of jets J
<, =
- T _ _
30 £ T 7T e Effects of the N cut
20 &
10 ; NJ 2 4
O :\ [ ‘ [ 4—4 | ‘ | | ‘ I
0 2 4 6 38 NWO
Number of jets J
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=& RPV in Neutralino Pair
‘e

Production (cont’d)

o LimMits:
m Based on LO cross section from ISAJET

140

20

S 100

Mw/2<

30

60

40

20

- SUGRA framework

95% CL limi

3
(oS
=7

/

tan(f) = 2
sign() <0

= 330 GeV

Gluino

Y o> 2500
//) M, > 230GeV
| | | \Mq M 5 > 28\OGeV
0o %0 100 150 200 250 300 350 400
M, (in GeV)
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Summary

« Both CDF and D@ have already
started searches for RPV SUSY

» The following HERA-Inspired
analyses were performed:
m Search for RPV in gluino decays
= Search for RPV in squark and stop
decays
» The following general analysis
was performed:
m Search for RPV in neutralino
decays

o They resulted in the new limits
on gluino and squark masses as
well as SUGRA parameters
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v s

22



o

‘=M= Future Prospects

» Both the CDF and DJ teams are
working on the RPV analysis In
the pu+X channel

» A lot of theoretical interest to the
RPV SUSY searches is very
promising (cf. Run Il SUSY/Higgs
Workshop)

o Run Il with twenty times higher
luminosity and enhanced machine
energy will open a very rich field
of various SUSY searches

» After all, there is no a priori
reasons to believe that Rp has to
be conserved
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