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I Supersymmetry

* Modern particle theories predict a symmetry of fermions and
bosons (* Supersymmetry” ) a energies of afew TeV

* Thesetheories predict new, heavy particles to appear at
energies, which may be now accessible at Fermilab
(Tevatron) or in the future at CERN (LHC)

Standard Model: Supersymmetric counterparts:
SParticles Higgsinos
Particles Higgs Bosons
0
K ’
(unobserved)

. .0 | Gauginos |
. ¢
> Wegner Neutralino: x; .



I GMSB Neutralino

_ _ _ S. Dimopoulos,
* A magor supersymmetric model (Gauge Mediated e,
Supersymmetry Breaking) predicts the lightest Neutralino, x°, [Ses soo1
to be the NL SP and the Gravitino,G, the LSP
* For much of the parameter space the Neutralino decay time
I (length) can be macroscopic (ns (meters))
* |InPPcollisonsat the Tevatron we can produce Neutralino
pairs and they decay preferably via:
Signature:
< Leavethe
L
<O detector Ef
§ Can be
detected | WYOrY

-— if both or only 1 x°

decay in the detector
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I Discriminating Variable

I (1) Measure the time of arrival of the photon =

Time of Hight At

(2) Calculate the time at which a prompt (Standard
I Model) photon would arrive aI same position

(3) Subtract:

[ CDF
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I Example:

CDF
I Detector\ (ff.!tf)
/\ tyz 3ns [\
I tpmmpt: 6 NS v
/t =7ns | |»
p ' (fisti) ) P G

= s=(3+7)-6=4ns
Prompt photons (SM): As=0 ns
Long-lived particles (SUSY): As>0ns
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Selection of long-lived particles
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* 1% of Neutralinos stay in detector
e 100% of these have As>5ns

10_4 | S Y N Y O T S [ A Y S O Y T Y T I N N ) 1 |

0 5 10 15 20 25 30

p.d

35

T ot (ns)

= Asistheright variable to select long-lived particles.
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Tools

* Particle positions measured by the EM Cal orimeter

* Thenewly installed EMTiming System at CDF allows usto
perform the time measurements

* EMTimingresolutionis~1.0 ns




Event Selection for GM SB Analyses

To optimize the sengitivity for the largest possible neutralino lifetime
range, we use 2 analyses: ayy + £ _analysis (for low lifetimes)...

Additiond gainwith yy + E, andlysis
the timing system i from CDF
Signal (nttoscde)  Background Phys. Rev. D59
N\ 092002 (1999)
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‘ Add up the As va ues of the 2 photons
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.anday+ [ + jetsanalysis (for high lifetimes):
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I Exclusion Region for GM SB models

I y + E_+ jets analysis

Luminosity: 2 fb? ‘

yy + E. analysis

Limit with kinematical
cutsonly (E,)

60 80 100 120 140 160
%, mass (GeV)

— EMTiming extends the exclusion region compared to kinematics-only cuts
especially at low masses
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I Comparison to other theoret. and exp. Constraints
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— EMTiming covers the entire region between LEP and the cosmological bound

P. Wagner

New Pergpectives'04

06/04/04



I Conclusion

I * Theingallation of the Timing System a CDF is
lead by the Texas A& M Group - and will be
finished in Fall 2004

* \With the current resolution the EM Timing
system is sensitive to yet unexplored regions
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Effect of Timing resolution

. 5 T T I | I T I I | T [ T [ T T T T I T T I I T

G% (pb?u

Ti: = 40 nsec
I Y + ;- analysis - EM Tlmlng
Cross section

limit reaches

1.5 . . 4
- Luminosity: 2fb

Expected limit with EMTiming

L - Expected limit without EMTimingl | @Sy Mjptotically the
: - GMSB cross-section : kl nematl Cs_only
0.5 _ il l[imit
i actual resolution 1
I"'_l_. ------------ IIII ----- | ..... IIII | | | | | | | | | | | | I_

1 2 3 4 5
Timing System Resolution O e MTiming (nsec)

P. Wagner New Pergpectives'04 06/04/04



