S Loy 1

a

R-pari{-y V|ola+\'h9 SUSY and
the New Evenks

.\!er\/ Briem\/: (,Uhojr \s 2-pquch and Tww go beyor\d'

o K- PorH‘\/ violation —» New Signals in c<olliders
incloding s‘m9le squark production at HERA

® Yalence versus sea quark productions and.

Limits on Rf c_ouph‘nas -_ ’E_L'}}
[

production

at HERA

e Decoy patterns: main distinction between

—
(\Ré— susyY) and ccalar le {'oqgark.S/\ Boonds Lren

* Tevatron .'l—\9\,\"
MSSM dv&:a)( modes for Beq N 1.
® Conclucion TC events are indeed Jdue 4o .

new physics, R-parity viclation

seems O  promising Possib\\nt?/.

/L
77

SIS We (V) .
Based on hep-Pk, 1r032¥6 =
G. Altarell: , J-€llis  G. Giudice, St, M. Mansqno @
Referewces on page 3b —

Sk~




SusyY @ suE) @ V() ® EE)) @

i = Zu’un:c + Z ZTUTERACT.
1 S —
.( LivET(C : contains interactions of 9aU9€ bosons

and gaug«‘ nos

So as ;. For each SM coupling , alse those

where :
2 particles in a vertex substituted by
5-— par‘+l'des )
(e FOR ALSC

THESE GIVE ‘
¥ Pa}r s-—par+icl€ onduchons

| % "MSSM decay modes !
WWW
dishingoish g (:,}«;m leprequar Us dis%ussed)
A V“"""
La ouplin
@ irwemcr,! A qenera{-ec kawa prrgs

qen?(a
Gk 1 E Ho0D HGi s
Li /~j' En l; Gj D—g Di DJ Dn

\w————\/—

ALFO AB# O




-

<l

R-parity + sM paricles + LR TR
sSusy > — 1 Ferr;Fapel 19728

If violated, +he above 4rilinea, AL#0, 8840 Ferms present
A

'J ~
o - ab ’UL
’A}>—_-$- - é -
d. =
alsp motivated by

a’ several GUTS + strinc

- 4 constructic

@ Can aveid -this even ifF (R—pa‘r:'%; is yiolated,

but dangerous operal-ors are fmMoT simitaneous!
present

M —> new signals as cowpared o MSS

q production
¥ Single s-particle productions (q Gt WERA )

» LSP decays/@gg-*ocloart-(ike s-fermion deamy

2 /(;{" AN ?ephh/\je-f' events in excess

(ite hema _events

40 =M™ processes, or 1 ne

AN q et
q 9 . .
| &,_} - ~y g gég\c, modes. (ie cascade decay

° 1/5' R- parity violating Coup./:‘n_gs

° To explacn need the
HERA data] ii OJ' 5& C‘Pfra.JCFS



collider Seazhes @

Svbject of Siudief/ alreadj frows +he 280's.

Hall, Svzvki, Oawsow Dimopoulos, Barbier!, Zwirner,
Masiero, Bar?er) Gwdice, Han, Koss, Valle Ellrs

Phillips, Avlah , Oreiner , Sarai, Vamzj/'%a, BhatHacharyya,
S¢, MC-CU"")/, CL‘oudtwrry/ Ih'r:cA, Klapc/or, Kovalen ko

and mo.ny moreé.

R- w searches at HERA
Hew et <Protevdln35 Snowmass 4‘790)

Dreiner, Bu#Herwor+h, Moraw: +2,

Kon, zobayas_/\_i) Nakamora, Kitamvra, Adagh!

({ocus:‘ng on ¥ Froduc-l-z‘on)
Perez , Sirois.

HERA Iarae R?* -data and (2-;&5 )

, /N
D. Choudhury, S. Raychavdbovri hep-ph/) 2302392

Q. Alarell; , 7. Ellis, G. Guwdice, St, H. Hangano, /)ep-pl./q-}\og
H. Dreiner, P.Horawitz , hep-ph/ 9703 279

J. Ealinowski RRuckl, #. Spiesberger, ©. Z2erwas, )sep-p&/‘ﬁ'vi
7" Kon, T. Koéayasl«i , hep-ph/ 170423 ¢

R. Barbien', A. S+rvmiq, 2. Berezhiani /9 Fo42 ¥5




a. Altarelli, J.€lis, G.Gd'@, SL, M. Hangauo

10! hep-ph /27039 %4
._.__ l i T T T T T T Y T T T T E
= HERA, Vs=300 GeV, MRSA’, ISR included ]
i LL=MLQ, A=0.01 ]
100 = ~ _ Solid: e* u - LQ —
- Dashes: e* d - LQ 3
1071 = —
3 : ;
£ i ’
5
l('J_2 = =
E Solid: e* 4 =~ LQ ) N N E
- Dashes: e’ u - LQ N \\\\ S
1073 =~ Dots: e* s - LQ RN -5
- Short Dash: e* ¢ -» LQ N 3
| Dot Dash: e* b » LQ ]
10"‘4 | 1 i 1 1 l 1 ! ! | 1
100 150 200 250
?‘é squark My, (GeV)
(o) _ 4\(qo&' possible as we will see, fvoww Ov68 deca \/s)
~— S~ ~
e4-+Valencn Ue, Co £t Produd-iong via —q L Q D . /A' ~ O%
AL3 g
» — B
€ rem T —= meed A m 03 o (% B0 505
- natorcal

@ VB
- Resvv\av\& may NOT be p'v'oduced bg)

scatt ering Yo T evd quarks, since

- -1 -
S (Q d> ~ 25 G(e*'d) ’\(‘i . \.An‘_\‘. L9} PL; cc > P -
sCev) ~ 200 o (et



D. CAoudLur)/ 1 S gayw’v\_quﬁ(wr; @

Rawge
data

'wp-pf«/ A¥+032 29

0.4 '
L ¢ — ]
| —
03 L )
0.2 ’
0.1 |
o] . .

180 180 200 210 220
Squark Mass (GeV)

uA A Huat way accouut Loy HERA
- Swmal]l B (cﬂ s etd) requives

LQV%,Cr COUF{VY\SS

Branching Ralio

/

R 180 —— |
: P 200 -
0.8 Lo 220 —— |
0.6
0.4
0.2t
0
0

Swilav resolts Ey
othev qVovPs, (isted
on poge (3B



1/N dN/dx,

1/N dN/dx,

G N-Lo:ell./ J. El“S;G- Gudice, S L ”\-Mﬁav\o
hep-ph/ 103936

0.20

0.15

0.10

0.05

0.00

0.15

0.05

0.00

i T MR 1 T T T 104
te'p-d-qx’~qe'il e'p~q-qx"~qe'jj
[ Solid: m(x")=100 GeV Solid: m(x®)=100 GeV
— Dashes: m(x°)=150 GeV Dashes: m(x%)=150 GeVv — 0.3
[ ShortDash: m(x%)=180 GeV P ShortDash: m(x°)=180 GeV ]
t m(&)=53 GeV SN m(&)=53 GeV :
L o ) ~0.2
-------------- \\
b \ 4
— \\ - 01
NN
N N\
\ P
. P RO DUP SRS VP RO P SN
— rl....I...‘I.”r[”,.-o.o
Fe'p~3-ax’+qeti e'p~§-qx’~qe'jj
[ Solid: m(x®)=150 GeV Solid: m(x%)=150 GeV
- ShortDash: m(x°)=180 GeV ShortDash: m(x°)=180 Gev— 0.2
| m(e)=100 GeV " m(€)=100 GeV )
/7
./ N/ v LA —-0.2
\ P
\ 4
e \ -
\
I~ \ -1 0.1
\ -
L \
L \
\ -
i N R 1 R A | g
0 0.4 0.5 10000 20000 30000 40000 50000
Q® (Gev?)
C aAscade decav <.

Srcadey distvibotions 'wrous' sign leptons w

Sojo of cases



-

J -'.; SN ' @
‘ bere we a ways.
BouAme O s

Q\QM’{\QC uW* u@ Gcenﬁmnf

(a) Neuvtrinoless double be+a- deca
>S@ )( lou‘i 010/ {L-D

1e ‘V"c_b enst .
(_ong . ) v Flaveus: Q444
ind\ cative |~
diosrom "__;,_‘ Constra.nt;
~x e
mofre ‘ -y ~
Pf:seu+! Py A e. ?Inu £ .10 ?_n.i.
LA N v /00 GeV
(¥ .
du - e Kf'u? _Possiby iH 4y
a For B ProducHc
(b) Chorged corrent Unilversal! -1'-)/ at HERA

modifications ta noclear 8 decay
r 2
Foouer: Aata, 4¢3

Cevstra. nt: g’ L .03 _'_"_E
~ 100 GeV

Lt
éd

u, w{w -1 wj s axg™

Figoe - i - - . /‘ o - -
I §=t/q=2: A e gt 2 A0 Q%))
Lrattraind. 974 0.042 MP /oo el W3AK. 32l /



(d) Atomic pari ty nolation : W e- nudeon scatlering.

Arises in sM due to +he electroweat interference term
+ 2 “emuw«mb

due +o +he opposite behaviour of MHem, Uw, under

reflecttons. -
‘ g (not bou n
Flayeour - dominant effect for 4 "3'3 by otk

Constraint: 972’5_25 ,-mf;'/‘o GD process:
i o eV /)

yyi
124

(2) One-loop corrections 4o 4+he = wid+h:
A ~

e
ie:
< €
)‘/
Flaveur:  domtnant eflect For qri3\g
Constrain+s:
’
0.5
2432 <
, _ \
32322 £ ouay mj/
100 GeV

2’133 < 0.4u4

233 { 0.26



' & -

. A, S
) @.‘)ere we always
BC(j‘ A D 5 refer to s +ron3€$+‘
wnstmint

(a) MNeuvtrinoless devble beta- decay

e : de ue yest wonstr. ,
.Onde‘ e 1 Flavour: Aq44
\;\\ \CATVVe \','VL N
‘agram "6, Constraint:
xX
™more / Y -
Preseut * . N e, A & .10 ™myg ,
— > ¢ /00 Ge |
U N
de L o «ills pPossibili+y
o~
7 Por O producHor:
al HERA

fb) Charged corrent Untversal! +)/
modifications to nuclear 8 decay
[ 4
F.oavoor: 2'442, 4¢3

CC!?: braint r L 0.03 ﬁ-
R /00 GelVV

yxi
7

u

L
Flave o r J=I/d.=9~: Deminant cenitealo:
]C(_\v‘ P4
) ) (o 4
_enctbealnd :)'/ 0.042 'mf/loo Ge V.

N

— 2L
1/



-

From cross section AND c_ong+ro.m4'5/ \

3 main pessibi Lk es, for L spart. p*roduc}'\‘dﬁr

N
e C, Frodud'ion via Li@R2D thveugl,
_ A }valencn. quark  (e*d o
e tL production via L@z D
~ ovg h
e tuL produd—ion via Ly 3 Dz, ‘iseo quark (ets co
and also proposed:

~
-
-

=1 and '%'z ( both stop qurts). Bvoader wass

distry botion fFrom overla?pinca double resouanc

peaks Yon, Kobayqs‘«} )}\ePTPlA/C{}OH 999
1L
77
NOTE Forv ,\CJ:- IL f-vodudto-n,o
e us dx
(Q) 16D /’ ) coop]nglCC events On\v:j.
L N Z“Z (n cascade de \
i Raly broader lsl»rcxaué'g stk

‘E‘___<q (a) —1
~ =+ ~— g/ ¢
Xo (X*) Y W
+ other Foss'xble medes

(b) STRCUG BCURDES 2v wclecr - dipled s:alars Sves
Tevatron; for 8<€C{> ~ 4.0

AN
But n %) 26(33> #i‘g\f onlite '.e.p*.oquwlk schen

dve 46 MSSM decays .
s mass spectrum of
B(Gq.-\ de?ew&g o - ? 30\03mos
\5 ‘Y\qlﬂ(lf\ c? 3@:}9‘(\09

Q
+ CC QVlQ'\H m -Y Q,PPC:‘A" ‘C deca\/_ ?"CQMLAS YAV N j:“b‘t‘o
a covpling ,dau(:(-e,reuh o Ha cna w Ha Squau . pyediel oo







1

¢!

@G. M{q«e\l. ", C. ec,C\
FJE“IS.\ }
G Gudiee, SL 500
M LPangawo
| 500
09<B<10
400
& | 0.7<B <09
2001 05<B<07
Tt A< 5
C..L,{’L f_\: 200+ <01__B<OO
=2 (Ma+ 'L+OV\OWN\>
Q( L S LlOO- tanﬁ:lo !B <o1
AN =0.04 '
ol (a) kegicm cf &q\ﬂl" JAcua VC?
-1000 -500 0 500 1000
un
600}

M,

Evistence of 399

Pegions with

400¢
balance between e
}%5 and 300}

7\P consecvi r\S
modeg 200t

{eqiond- |smaller
o 3\4\0“\ & tanf =50 Xk} B < 0.1

(b) < a‘“@mo; -0 O@ LMQI?]&+ ake for ALEPH

ever

3 ] ot A
-1000 -500 0 1000

~N K
(i) g{ ™mode ”L_Orgg\ jc,?f G‘)rm")(t/ Large, such as
g_'—’ 9:524: suppressed by Pkase space

(b)A Teg\o'\ of COﬂCe[La'hons (ead'\na +o <

cocplive for @ qX° ), even for velatively small
(?— MR+ LR85 cev tegm, ?xduo\&"&y LEP 2.



G placell
T, E“lc 600

G.Gndicez, St | a

M. Margqand 500
400}
09<B<1.0
300}
200} 0.1< B <0.9
100} tan3 = 1.0 B <01
A\ = 0.04
(a)
0: , -
-1000 -500 0 500 1000
7
600
M,
500t |
400/} IEE
i 09<B<1.0
300+ SE.
200 AR 01< B <09
100+ tan(3 = 5.0 B < 0.1
A = 0.04
(b)
ot X 3
-1000 -500 0 500 1000

9

Here  the mode Lo ~—>4_:>4{° is

T\oh)ra\\y ““losed”. The ;%*mode, erther
d0m'|na¥es G"‘CT hCCH/*/ cka‘v‘:ﬁ[f\‘cﬁ.) or IS
Suppressed (e light clr\c\fgmos)_‘ exgept Fo

| ) ! 8
. VE | U—v\ ~ _ ~ L“ @
A S YV\GLI b \3‘ L> XY « canbe sinller, E’ New mode



GA‘\+Q"€”‘,IEH°§/

G.Giudice, SL, M. Lavgan®

200 pg
M, :
250 o
09<B<10
200 5
q(0.7<B<09
150! H05< B <07
100 tan3 = 1.0
N = 0.04 0.1<B<05
507 M, = 300.0 Gev =

Lé: - go?ﬁg decay
J

~1000 ~-500 0 500 1000
U

Chargino masses > 85 GeV, Neutralino masses > 15 GeV
(Breating qaugino Unifcaticn Condition)

300;
200/ 8
09<B<1.0

150} i

100}




D |
]‘T-ESTS ond COMCLUSBOAa @

-l-e a lot of
+esdzs +his 10 +he ast weews

‘N the papers we \isted. | Sumwarised
.y

® \/if*';UQI. SC{UQ(‘K exd\anqes a+t in DIS °q3
N bY J- L""»'“i'\onaﬂ

+ Xnilerference wi+th SM proc.

9 small GFGQC* cor ).!Qz‘g_ﬁ{
opecator, bot: |
For €% >t expect deviations in e'q” = s3 at LEf

® e bear Funs at herq. (exPec{- NO siqnal w ep chaun

@ X === TV v (should be within access 55 pvoduc

“ unar \K Palr onc'ud'ion a‘t TemeroV)
-+ Casche Decays

- cenclusion
1' ___._P If s'\c_)nq\s are H\ere, % seems QA
: aood possib]h’{-\/ -—p Sheold be able +¢

! test Proposed soluhons in rear Cotore

- Iy\{evesﬁvxa impl(cahons fov Elavoour



