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Searches for heavy long-lived particles at LEP

Nominal

J5(GeV) | L
LEP-1 phase at center-of-mass energy /s = 91 GeV bins | (pb~1)
LEP-1.5 ran at center-of-mass energies /s = 130, 136 GeV 133 10.7
LEP-2 ran at center-of-mass energies /s = 161 — 209 GeV i% 18'2
183 56.3
. . . _ 189 | 172.3
Several searches of pair-produced exotic particles were performed : 199 99.0
196 72.5
o charged or neutral 500 10
o over a wide lifetime range 202 37.0
under quite general assumptions 205 o7
° quite g P 207 | 1335
Total 693.1

Needless to say, all searches gave negative results

Results obtained at all 1/s were combined, assuming pair-production and cross-section evolution with /s as:

3 2
O o 7 OC ~ for spin-0 particles and Teesiy X g (1 — %) for spin-1/2 particles

4dm
where 5 =1/1 — —= is the speed of pair-produced particles with mass my
s
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Charged heavy particles : signatures

decay mode: ¢ — G — lifetime 7y is a free parameter

7 <107 s 107 Hs<7<10"s 702> 107" s

track with large impact parameter

- : : dE
track + P or track with a kink track with large ionization —

+ P E dx
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Neutral heavy particles : signatures

decay mode: {° — GN’y — lifetime 7, is a free parameter

<7, <1078 T 21077 s

calorimeter

tracker

—

v + &z, E displaced v + éz, E P, E (like SUGRA searches)
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Interpretations

In all cases, signatures are striking
= worth to pursue such searches even without a specific BSM physics theory in mind

Nonetheless, results could be interpreted in SUSY contexts

Gauge-mediated SUSY breaking (GMSB)

LSP is the gravitino, G — very light, spin-3/2 super-partner of the graviton
NLSP could be either lightest neutralino, ¢°, or a charged slepton, 7

Decay modes (respectively) : ¥ — G~ and ¢ — G/ with unknown lifetime 7, sp

Stable gluino
If & is the LSP, it is stable and hadronize = R-hadrons (neutral or charged)

SUSY with broken R-parity (RPV)

LSP is not stable anymore, could decay via RPV couplings = not necessarily neutral

again lifetime 7,5p is unknown — depends on the strength of the RPV coupling, typically small
(not covered here)

In the following:
= give model-independent exclusions
= provide interpretation in GMSB and stable gluino contexts
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Heavy stable charged particles




lonization energy loss for stable charged particles
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Combined measurement of P and

Q

dE . :
I allows discrimination of parti-
Ix

cles’ masses

: : dE :
Exclude intermediate T region,
Ix

populated by high-p ordinary
charged particles

Pair-produced particles have fixed

S
momentum px = 4/ - — m§<

4
= for given /s may fall in the in-

termediate — region

x
(see e.g. case /s = 206 GeV and
myx — 70 GGV)




lonization energy loss and Cherenkov rings

DELPHI slepton searches at 189 GeV
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ADLO combination for stable scalar particles

model-independent combined cross-section limit
© /s =208 GeV
Comparing cross-section limits
002 20 60 70 80 90 100 ., with predicted oz; @ /s = 208 GeV [SUSYGEN]

e i ] allows to put limits on stable /i mass
=0018 | Ns=133-208 GeV ~ _ |[ | 0018
t%0016 Preliminary f 0.016 o 0029393396 969 97 97.3 98 983 99 93 100,
S : Soos | :
0 0.014 | : 4 0.014 =" Preliminary .
o I B TOUOT s=133-208 Ge ) 0016
© 0.012 |- 218 0.012 +2 0,014 £ 10014
. § i © 0.012 - 4 0.012
0.01 [ 21 0.01 oo | excluded ADLO 95% CL som
i 5_3 1 0.008 4 0.008
0.008 I excluded ADLO 95% CL ﬁf 0.008 0.006 | 10,006
0.006 | -1 0.006 0004 {00t
L | 0.002 a ] 0.002
0.004 | - 0.004 0957555796 96,5 57 975 98 98,5 99 99.5 jod
L i m;(GeV/cY)
0.002 - 0.002
O:Hm”m””‘””_” 70 If stable ji exist, they must have mass:

50 60 70 8 90 100 )
m; (GeV/c) fir > 99.4 GeV
fir > 99.6 GeV

[The “bump” at mx ~ 60 GeV due to dE/dx curve crossing the

intermediate region]
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ADLO combination for stable spin-1/2 particles

model-independent combined cross-section limit Scattered points (blue/green) represent a scan over the

@ /5 = 208 CeV MSSM parameters space [SUSYGEN]
(blue: my > 500 GeV ; green: my < 500 GeV)
50 60 70 80 90 100 Points falling in the yellow region are experimentally ex-
~ L B L 5 e o b e e I
B 14 ADLO\s=133-208 GeV i 4  Cluded.
Il;; : . . : 96 97 98 99 100 101 102 103 104 105
+ r 1 ~ FAEERERnaHAERREREnsaE R . R EARRNRRARN AN
= 12 F Prehmmary - 1.2 2 14 [ ADLOs=133-208 GeV: 114
'O i %< 12 | Preliminary 112
+ B ] T [
(D] 1 1 ) [ ]
N r Yo 1r 11
© I | © [ 2 ]
0.8 - 1038 o8t %’i 108
I i 06 % 106
0.6 - 06 04 | \ Los
i 1 o [ excluded 95% CL 1oz
04 - 04 - |
I | 096 97 98 99 100 101 102 ‘1‘(‘)‘3&‘0‘4‘ ‘/1‘(‘)2‘5‘ 0
m;,(GeV/c
0o [ excluded 95% CL 102 w0
i 1 This translates into mass limits for stable ¥=:
O ey ey ey ey ey | O
0607080 m~90( Ge\ll()/(():z) £ > 1025 CeV for my > 500 CeV
= ¥+ > 101.2 GeV  for my < 500 GeV
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Gauge-mediated SUSY breaking




Few basics of GMSB

Parameters
description scanned interval
Vv F VEV of scalar messenger —
A scale of SUSY masses [5;150] TeV  (in steps of 1 TeV)
N number of messengers’' families {1, 2, 3, 4, 5}
M messengers’ mass {1.01-A, 250 TeV , 10° TeV }
tan 5 | ratio of VEVs of two Higgs doublets [1,50]  (in steps of 0.2)
sign( ) sign of Higgs sector mixing {-1,+1}

Gravitino mass: mg =

F VF
= 2.4

V3 Mo 100 TeV
from cosmological constraints: mz < 1 keV —ie. 100 TeV S VF <2000 TeV

4
100 GeV\” [ VF
NLSP lifetime: = —
SP lifetime: c7y;sp (mNL5P> (100 TeV) cIm

2
> eV — Mp; = 2.4 - 10'® GeV being the reduced Planck mass

NLSP nature:

Ty Or acoplanar (0+P+ @ tracks with large impact parameter
fi, € (“co-NLSP") & tracks with kinks @ highly ionizing tracks
b acoplanar yy+ P+ @ non-pointing v(s) @ ({*, ¢ searches with {° in decay chain)

M. Fanti (Physics Dep., UniMi) LLP at LEP




ADLO: lifetime-independent limits on sleptons

Compute from data upper limit [o7; - (BR)Q} eXC’(

excl (m;) = MAX { [UZg : (BR)2] excl (my; Tg)}

my; 7;) for each my, 7;

Get maximum upper limit [Ugg- (BR)2]

max

- ADLO Preliminary - ADO Preliminary ~ ADO Preliminary
T Gnisp) Vs = 189-209 GeV H (INLSP) Vs = 189-209 GeV € anisp Vs = 189-209 GeV
S0~2:"|""|""|""|""|""| S0'2:"I""I""I""I""I""I 30~2;-|----|-"|""|""|""| ]
- _ - _ c _ ]
(08 o, s=208GeV 4 T,018 | Gorps V5=208GeV 1 T | =208GeV (N < 5) 5
E | E | g
& 016 o 4 & 016 |- o 1 & 06 [ 5
= 3 - 8§ | °
¥ 014 |- 0] 4 Fgoad (G} 1 *.014 | 5
5 ) 5 r (] 5
Lol 9 1 Loz | © 1 Loz |
r excluded at 95% CL - excluded at 95% CL excluded at 95% CL
o1 - for all lifetimes . o1 - for all lifetimes - 01 |- for all lifetimes .
0.08 [ . 0.08 |- s 0.08 [ .
0.06 |- . 0.06 [ . 0.06 [ .
- %
0.04 |- . 0.04 |- s 0.04 |- = .
7 O
0.02 | 8 0.02 | . 0.02 | @ —
- 3
o L0 v v v v vt b 1Y ) QL S S S S MO S S B S’ B 0 M I I T R B B, ]
50 60 70 80 92 100 50 60 70 80 90 ~ 100 50 60 70 80 90 B 100
m(7) (GeV/c?) m(y) (GeV/c’) m(e) (GeV/c?)
27 th
Compute from theory |o; - (BR)?] (rrlzg) for each my. |
. 27t 27 exc
Exclude mass value m; if |0+ (BR)*| ™ (my) > |07+ (BR)?] . (my)

LLP at LEP
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ADLO: lifetime vs mass limits on sleptons

Compute from data upper limit [Jgg' (BR)Q}

excl (

my; ;) for each (my, 7;) point.

Compute from theory the minimal [o7; - (BR)?] f:l.n (my; 77) for each (my, 7;) point.
[the minimization is taken scanning the parameters space for the point providing smallest [agg- (BR)z}]

Exclude (mg; Tg) point if [UZZ- (BR)Q} ::in (m,;; 7‘,7) > [Ugg- (BR)2]
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Neutralino searches
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Exclusions in GMSB parameters space
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Gluino as LSP
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Search for stable gluinos

If gluino is the LSP it would be stable and hadronize, producing charged or neutral R-hadrons, R*, R°

© LEP1
© LEP1: ee™ — Z — qggg

© LEP2:

ete” — Z — tt — cCgE

ete” — Z — bb — bbgg
.and g — RV or R*

P prob (g — Ri)

Experimental signatures multihadronic events characterized by:
gg — RTR% or RTR*
dE

= track(s) with anomalous o
x

gg — R°RY
= 2 acollinear jets, sizable £, low visible mass
= @ LEP-2, also a neural net based on several event variables (kinematics, shape) and flavour tagging
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Stable gluino exclusion LEP1+LEP2

—~ ~ o o
“o ) DELPHI 2 DELPHI L DELPHI
- \ 100 | ~ ~ 100 - =~ ~
glm ENO* isci P=075 E b—bg P=100 E b—=bg P=0.75
Py = Mixed 2 H Mixed 2 H Mixed
s w g w| 1 Mixe £ 0r Left E0r e
) o 2 2 [
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Conclusions ?

LEP didn't find new physics ...

. but LHC will keep hunting for years

so, no time for conclusions, yet




Thanks for your attention!




Additional Material




Cross-sections for pair-production

Assumptions on how cross-sections scale with /s and change with polar angle 6

spin-0 spin-1/2

x — sin’f — e X

do.(spin—()) 3 do.(spin—l/Q) B
dQ s dQ s

11+ cos® 0 + (1 — %) sin’ 0]

(both valid for s-channel production)
(for spin-1/2, assuming pure V-couplings with vector bosons)

These assuptions are used
o to combine results at all /s

o to compute 7-dependent efficiencies, for any spin hypothesis
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If NLSP is a charged slepton ¢

OPAL

Efficiency for T, pair-production (v, NLSP) at Vs =208 GeV

. m(D=45GeV/c® | m@=55GeV/c’ |  m(D)=65GeV/c’
NLSP can be: RS
. 10_1 I \ \' X
e T 5
o fi, € (degenerate with 7, “co-NLSP") ol
10° f
F m()=T75 GeV/c®
Combine 4 searches (depending on lifetime) > R
= g 10} B s
o acoplanar 00 + P+ e :
o tracks with large impact parameter all:
o tracks with kink 10° §

- - - - acoplanar lepton search (exclusive)
—+— large IP search (excl.)

-------- kink search (excl.)

- - - - heavy stable particle search (excl.)
=== overlap: acoplanar / large IP (excl.)
=== overlap: acoplanar / kink (excl.)
— overlap: large IP / kink (excl.)
=== overlap: kink / heavy stable (excl.)

—— sum (logical .OR.)

o highly ionizing tracks

10"
and account for overlaps i
107

10°

log (ty./s)
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ADLO: searches for slepton pairs
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ADLO: searches for slepton pairs

ADLO Preliminary, T (\Vs = 189 - 209 GeV)

ADO Preliminary, {1 (\'s = 189 - 209 GeV)

ADO Preliminary, e (\Vs = 189 - 209 GeV)
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Exclusions in GMSB parameters space
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Stable gluino exclusion from LEP1
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