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Supersymmetry and R-Parity

Supersymmetry is a promising candidate for a theory beyond the SM.

SM particles spin | SUSY partners |spin
qLyqR 1/2 1 qrydr 0
lLalR 1/2 lLalR 0

v, 20 W= } 1 { X715 X9 X3, X4 1/2
h, H*, H, A° 0 XiXa 1/2
g 1 g 1/2

In the minimal supersymmetric model (MSSM) the quantum number
R-parity is conserved:

Rp =

Rp = 1 for all SM particles
Rp = —1 for all SUSY particles

(_1)QS—|-SB+L

e All SUSY paricles are produced in pairs
e Ligtest Supersymmetric particle (LSP) is stable

e Experimental signature of SUSY is EJ5
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Phenomenology of R, SUSY in eTp scattering

Additional R, term in general MSSM superpotential:

Wg = NgeLiler + N LiQjdy

q (a)

HERA

q

e Allows Single Production
of SUSY particles;

e Resonant production of
SUSY particles in e*p scat-

tering possible via A}, with

Lk ep __| squark masses upto /s
111 €7+U—>CL§{ e +d—dr|et+d— g 6++ﬂ—>CZR
112 ¢ +u —s5p|e +5—ar|et+s—ar|le"+u— 3
N _ TL . _" | @ Narrow Width Approximation:
113 |e +u —bple +b—aur|e"+b—aur|e +u— bp , , 2
~ — _ —= + ~IN o N2 R (e — 4
121 e +c—dg|le +d—c¢p et +d—cp et +¢—dp o(e™p = tg) ~ Ny - di (@ = 1)
- 3 - 15 Lz + + 5,3 5 : M2
122 || e +C—>:9R e +f—>SL e++s—>cL e++c—>§R O(G—pﬁd@,v)\/%jk,uy(x:%)
123 |e  +c—br|e +b—c¢p | e"+b—cp e +¢c— by
_ T I T . - = |e Allows the decay of LSP to
131 (e +t—dr e +d—t, e +d—t, |e"+t—dp the SM ticl
§ - 8 _ - e articles
132 | e+t —Sp|le +5—t; | et +s—tr | et +t— 5 P
133 6_—|—t—>63 6_—|—E—>tNL 6+—|—b—>tL 6+—|—g—>63
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Squark decays

e Direct R, decays:

(Leptoquark-like) e Signature:
high Pr e(v)+ jet = Back-
ground: DIS NC(CCQO).

eonly d% (ep collisions)
can decay to vq.

Signature:

. @€ (“right” charge) + MJ

(voqq) ®€ (“wrong” charge)+ MJ

0 |

X+ ee + 1+ MJ
< or + [+ MJ
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Introduction to HERA

HERA ep collider at /s ~ 318(300) GeV'. Two detectors:

Tunnel: 6.34 km long, 10 to 25 meters un- @ Ve
derground. ) _£_
E. = 275 GeV, E, = 920(820) GeV H1 ™ and ZEUS =

E e

A0 -

Hall NORTH (H1)

129. GeV — elec

Hall EAST (HERMES)

P

UCAL transverse energy 4

Hall WEST (HERA-B)

—a— Electrons/ Positrons
-— Protons
=t Synchrotron Radiation

Hall SOUTH (ZEUS)
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Data selection and results for direct R, decays

I I I I
eq channel . e'pdata
MC DIS+ yp

-- 150 GeV squark 3
(arb. norm.) E

.-:-:- E-I T —I_ ;
10_1||||||||||||'I'I||||||||||I|||||||||||||| i

50 75 100 125 150 175 200 225 250 275
M, (GeV)

e H1 Data: §
64.3 pble® pand135pb e p
e Selection:

- eq channel:

* P2 > 16 GeV

I
=

* pmiss < 15 GeV — e
o 2 eq Chann - e p data
*40 < X(E —p,) <70 GeV o 107 1|\/|5(c_)‘,(|;)|\8/+yp ]
-- eV squark
* (92 > 2500 GeV? and y, < 0.9 oL @b normy)
- (D) -+ ]
- vq channel: : A
- P H1 A
* P C =t el
Py > 30 GeV 50 80 100 120 140 160 180 200 220 240
* Q%5 > 2500 GeV” and y,p < 0.9 o | | M. (Gev)
* No e or y with Pr > 5 GeV % o4~ Vvdchannd . agg?tsawp 1
-- 150 GeV squark 1
e*p collisions e~ p collisions 10 (arb.norm) |
Ch |Data | SM exp Data | SM exp Efficiency g
eq | 632 628 =46 | 204 192+ 14 |30 —50% 1 H1L " -
vq | — — 201 269 + 21 |40 — 60% B S . ]
. . . 10 ey o
No deviation from SM expectation 50 100 150 200 250 300 350

M, (GeV)
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Data selection and results
for Squark Rp conserving gauge decay

Selection:

> 2 jets with P)” > 15 GeV

W wO0Fry— T T T T T T3 ) m—_- 1T ' 1T T T 1 T
. c  [eMJchannd . ¢pdaa c feMJchannd . epdat
e+ MJ + X channels: % T mmwcDisew % 10 | DS
(e"MJ,eMJ,eeMJ, euM J, evM.J) --++ 150 GeV squark | 8 | ---- 150 GeV squark]
0 F + (arb.norm) | . i (arb. norm.)
— PS> 6 GeV ( Pr>5 GeV 7 : : E
o (Fr ) H1] 4 o H1
— P <15 GeV ' i P ]
. l: i (@ | 2 o (b) |
— Pp® > 15 GeV  (evMJ) ] IR N Il B . P L 1]
5 100 150 200 250 300 5 100 150 200 250 300
— 40 < X(E —p,) <70 GeV M., (GeV) M., (GeV)
0w - - - - ] — - - - — T
v+ MJ+ X channel:  (vM.J,vuM.J) ‘8‘ 14 E*\)M.JI chanﬁel Io e+p(|jata | E % z ;VMchhanﬁeI Io e'pdlata I,
' g 2r ==MCDIS+y | 2 7| == MCDIS+yp ]
S P2 GeV, PE 5 GeV. s ) © o) - e e
e No events found in eMJ “wrong” | H1 4F il H1
charge, eeM.J, euMJ, veMJ, vuMJ 4} . o E
channels. ol . . ey | (al) E 1 —+ J{— | (b)f
5 100 150 200 250 300 50 100 180 200 20 30
e™p collisions e~ p collisions M, (GeV) M, (GeV)
Ch Data | SM exp Data | SM exp Efficiency
eMJ |72 67.549.5]20 17.9+24 115 - 50% . .
yMJ |30 243436 12 |101+14|10-60% | 1No evidence for squark production
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Stop decays in R, SUSY

e ZEUS data: 65.5 pb! etp ZEUS

® ZEUS(pre)99-00¢'p (€-J

)\’ "
> etq 2t — x| b £
10 ¢ o ,
N e—l—bd (GMJ) o SM MC (Pre-selection)
)\/
+ 131 i
> eTq — f — le 1-1
+ 10 — .
— XlW , 100 120 140 160 180 200 220 240 260 280 300
— qq 3 I\/Iex
A 0107t ‘ ‘ ‘ ‘ ‘ ‘ 3
i )\’131 )\’131 + — Vebd (VMJ) .2 o ZEUS(pre)99-00¢'p (€M J
> e d — d (eJ) u>_]10 ] —  SM MC (Final selection) ]
10

e NC Preselection:
— E. >8 GeV (E. >20 GeV, 6, <0.3) ot 7
100 120 140 160 180 200 220 240 260 280 300

— 50 < X(E — Py) < 65 GeV .
) eX

e CC preselection: No e; P;"* > 20 GeV 0102 |
e Final Selection: L%lo , M
NC: CC: AR B - 4.
e 07, > 3000 GeV? ® ysp > 0.42 I U B s o o
o (0.8—0.2) < ypa < 0.98 o -MJ: 100 120 140 160 180 200 220 240 260 280 300
Phed / Bhod < (.4 . L g
No significant deviation from SM.

e eJ (eMJ): Plad/Ehed > (<)0.8
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Coupling limits in the MSSM

e No evidence for reso-
nance was found = Limit

e SUSY parameters scan
(H1 and ZEUS):

— tang = 6, M; = 90 GeV

— Mpsp > 30GeV

— 70GeV < M, < 350GeV (H1)

— 100GeV < M, < 300GeV (ZEUS)
— =300GeV < u < 300GeV

e 95% CL mass limits

etp data

1

N 11
N

10

-300 < u < 300 GeV |
70 <M, <350 GeV

10 ]

100 125 150 175 200 225 250 275

squark (GeV)

ZEUS gl

A 131

ZEUS (prel.) 99-00 e'p

(1 =03 [M(ag,ép,ir)< 275 GeV

100 GeV <M, < 300 GeV
-300 GeV < u < 300 GeV

F = 0.3 | M(dg, 55, bp)< 280 GeV

tanp=6

e HERA results 1m-
prove the limits on

!/ !/ / /
121> M31 M12» M3 for

masses up to ~ 255 GeV

10

I Excluded in part of (J;@)rameters

100 120 140 160 180 200 220 240 260 280

10

1

10

10

e p data

-300 < <300 GeV |
70 <M, <350 GeV
M o > 30 GeV imposed-|

100 125 150 175 200 225 250 275

squark (GeV)

-300 < p < 300 GeV |
70 <M, <350 GeV
M g > 30 GeV imposed

| | | 1
100 125 150 175 200 225 250 275
squark (GeV)
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Limits in the minimal Supergravity model

e in mSUGRA only 5 parameters: ¢ Limits follow curves of constant
tan 3 =6;  sign(u) = —1 squark mass.
my - common scalar mass

e For ) ;()\;;) = 0.3 the parame-
ter space defined by M; < 275(285)
GeV is nearly fully excluded.

my/p - COMMON gaugino mass
Ap =0 - common trilinear coupling

For A} ;(A}y;) = 0.3 limit in (mg, m,/;) plane

etp data (t; and uy,¢r) e p data (b and dg, SR)
MSUGRA, A’ ;;; = 0.3, tanp=6 MSUGRA, A’ ,, = 0.3, tan3=6
; 180 B T T T T T T T T T T T T T ] ; 180 B T T T T T T T T T T T T T
- 0O,A,=0 i= ] 0,A.=0 —
8 160 |- (bu)< 0 [ ] excluded fOI’j- 3 8 160f H< 0 [ ] excluded for k=3 |
~é140 R excluded for j=1,2 \-é140 ' (b) excluded for k=1,2 i
€ 1200 - 1 ’

100
80
60
40
20

0

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

| L Misp <M | . .
O 50 100 150 200 250 300 350 O 50 100 150 200 250 300 350
m, (GeV) m, (GeV)
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Limits in the mSUGRA

180 e e e e ey @ FOT (@,¢,d,5) curves are
% 160 MSUGRA | M@=my =M, p<0, A=0 flat (small mixing).
— e For (d,5) limit higher
= 140| ~ then for (u,c¢) because of
- f(\ 15,=0.3) .
i larger production cross
120 -0.3, k=1,2) section.
100 e Mixing is higher in stop
sector.
80

H1 95% CL
| |

e At value of tanf8 > 37
5 10 15 20 2

ATEEE
5 30 35 40 45 50 stop decay to 7 become
tan 3 important, but was not
searched for.
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Bosonic Stop decays in R, SUSY

/
g N bW b pod

- experlmentally investigated for the first time
e Complementary to the previous SUSY searches:
M(b) < M(8); ¢4 ¢'x
o M; < /s, at HERA /s ~ 300(319)GeV'.

Dominant decay channels:

nq Signature:
¥ J+e+ Pp 4 ot
W+ v, g J + (+ P%msa
P 3J + Ppise -
A S 'Y J+e ’ t
s s Mgy & - A
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Bosonic stop decay

e Total 106 pb~! e¢tp H1 data

® Selection cuts:

— Bosonic Stop Decay Channels

(JePpiss  JuPmiss 3] + Pmiss);
* Pl > 10 GeV
* Pt > 10 (20,15,10) GeV
* Pmiss > 12 (25) GeV
— R, t — ed Channel (J +e):
* P> 20 GeV

* Pl > 20 GeV
* Q2 > 2500 GeV?

Ch Data SM exp

Jepﬁms 3 3.84 4+ 0.92
JpPriss| 8 2.69 4 0.47
3J Piss | 5 6.24 4 1.74
ed 1100 1120 £ 131

typical efficiencies: 30 — 50%

@ S L L L I I
o . pymiss = e*p data
9 oL jeP;  channel SM i
= E --260 GeV stop 1
r | (arb. norm.) ]
- _|+ 4
1E =L= ' .
10-1 e a) =
10'2-U.|L1J-."|....|......:l.LU
0 50 10 150 200 250 300
M. [GeV]
& LR L B R B AL BN N
= [ .e.pymiss = ¢*p data
2 oL JijPy "~ channel  _ (0 i
= E --260 GeV stop 7
E _L (arb.l}(zr_m.) ]
1 E—Hl —l— i—:i: D3
'k ©
10‘2 -LJJIILLJ 1 PSRRI TR P I
0 50 100 150 200 250 300
M,.. [GeV]

@ eI I LA LI LI L
= |«  pmiss = e*p data
2 ok JuP™ channel =SM ]
= E --260 GeV stop 7
AT_ L (arb. norm.)
1F £_|% Hl 3
10-1 E b) '''' : —
10'2 cad ol :..l....l....l%'.LJ.L
0 50 100 150 200 250 300
M, [GeV]
3103 [ L L B R B AL LN B
(=] E = e*p data E
9 : ed channel =SM
=, --260 GeV stop
10 = (arb. norm.) E
10 ¢ e H1 -
4 . ]
1F ) =
10'1 I T I I P Al =
0 50 100 150 200 250 300
M, [GeV]

Slight excess in JuP7"** channel but
no significant deviation from SM expectation
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Bosonic stop decay: Limits

_ N data_N SM
e For each channel: Ot(M t> = SR = 12f .jIerissclllannel . . .
= 10F T
_ o 85 B juP'T:is:schannel Hl
e Excess seen in the JuPp"*® channel is not © 6;_ [ JiijPy " channel
supported by the other decay channels. 4l
2:
0
DR :

180 200 220 240 260 280
M, [GeV]

200 [ _]Excluded in part of parameter space
- [ Excluded

9 —_—
A5y = 0.3
0.6<6;,6;,<1.2
400 GeV < <1000 GeV

M, = 1000 GeV
tan $ =10

H1

e MSSM Parameters Scan:
otan 3 = 10
oM, = 1000 GeV
0400 < p < 1000 GeV
00.6 < 0;; < 1.2
oA; = A, = —100 GeV
e Stop masses < 275 GeV for \};; = 0.3
100 o are excluded.
180 200 220 240 260 280 e Similar results for tan3 = 2 and

MelGeVl My = 400.
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Summary

e Squarks in R, SUSY have been searched for in many decay channels
using ~ 64 pb™! e*p and ~ 13 pb™! e7p data at /s ~ 319 GeV.

e No evidence for squark production found

e Limits were derived in the SUSY parameter space

For X, = 0.3 squark masses up to ~ 280 GeV are excluded.
e Complementary analysis: bosonic stop decay

using ~ 106 pb™' eTp at /s ~ 319 and 301 GeV.

> A slight excess in the JuP7** channel is not confirm by the other
decay channels.

> For A3, = 0.3 stop masses up to ~ 275 GeV are excluded.
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Outlook
e HERA II data are coming:

> New data: ~ 150 pb™! per experiment.
> The goal is ~ 700 pb~! per experiment until July 2007.

> polarised e* beams:
HERA Luminosity 2002 - 2005

: 04,05 &
100 - / )

N T
ep +d, — ur,Cr,tr
e; +up — dpr,Sp, bR

80 |-

60 [~

Integrated Luminosity (pb™)

IAN
o
\

20

03 ¢*
B /_Oé/gsfé | | |
O Ll | | L1l

0 25 50 75 100 125 150 175 200 225 250
Days of running
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