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¢ Motivation: Gauge Mediated SUSY Breaking
¢ TheTool: EMTiming
¢ Analysis (Prospects). Sendtivity to GM SB models

¢ Conclugon
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The GMSB M odd dal.

S. Dimopoulos,

Nucl.Phys.
B488, 39-91

"Gauge Mediated SUSY Breaking" has six free parameters:

SUSY breaking scale (A)
Messenger mass scale (M, )

Number of messenger fields (N,,)

Ratio of the Higgs vacuum expectation values (tan(p))
Sign of the Higgs mixing parameter (sign(u))

Gravitino scale (c )

‘Phenomenology
Intrinsically suppresses FCNCs (Flavor Changing Neutral
Currents)
Breaks SUSY at low energy [ large parts of parameter space
predict new particles to be accessible at today's energies (TeV)
Gravitino, G, is the lightest SUSY particle (LSP)
Both Neutralino and Gravitino candidates for Dark Matter
Cosmological constraints have abig effect
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GMSB Neutralino

¢ Forlowtan(f) and asimpleN, =1

GM SB predicts the lightest Neutralino to be the
NLSP with the Gravitino as LSP

¢ The electroweak eigenstate of the Neutralino is
mostly photino L it decays preferably via:

¢ For much of the parameter space the Neutralino
decay time (Iength) can be macroscopic (ns (meters))

[1 Measurethearrival time of the photon at
acollider detector
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Event Signature

Proton-antiproton collisions at the Tevatron produce
Neutralino pairs and they decay preferably via:

- Signature:
(> Lewethe [ E/
—0 . detector
Yf Can be 0 ywory
detected

if both or only 1 X°
decay in the detector due
to large decay lengths
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New at CDF:. Timingin the
EM calorimeter - EM Timing

o Hardw . .
= are Sl 1o TI ming CDF EM Timing Project
system in the Hadronic
. Data Acquisition =
Calorimeter (HAD) Sem DO g
¢ Theinstallation of the ﬂﬂ e

forward part was finished in D cotie 200
Fall 2003, the central part
being installed now Eﬁiﬂ
¢ Especially efficient for 1st Floor
photons which |eave only On Detector
little energy in the HAD
(detector)

anode

: iy Amplifier
i ﬂ e .E‘l .:P Tmnﬂfion\ Shaper
t ek dy e Board Discriminator
b Photo- ppT {ASD)
Electro- Multiplier g, .

Magnetic Tube
Calorimeter (PMT)
(CEM, PEM)
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First Measur ements M. Goncharov,

priv. comm.
... and it has been shown to have a
resolution of < 1.0 ns:
2
/\1'5__
N =
S -
c L .
9 1— —_— 1 1
5 | e, 1 ~0.9ns
Sié 0.5:—
n_ ! A ! | o | | ! ! L
15 GeV

Energy of Photon

= P.Wage DPF 2004 08/28/04



Discriminating Variable

Theidea: Look at the difference between the time of arrival of the
photon and the time a prompt photon would need to reach
the same position:

... with the time of arrival measured with the EM Timing system.

(X t;) CDF
/ \ 4 Detector

yprompt Y
0 B =
——% . -5 %1 G
P (1) P
Prompt photons (SM): As=0ns
Long-lived particles (SUSY): As>0ns \/
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Selection of long-lived particles

Long lifetime < High As

L | | LN LIS SN L A L LR T T
c 1 ] Ll
. : Toy-MC Simulation of X, — y G E
g flat in p; and T of %, 1
§ 101 perfect measurements il
@ : ]
'L“FEJ —As20ns |
------ As=3ns A
102} As=25ns |
| Example: i

""F - 1% of Neutralinos stay in detector

© - 100% of these have As>5ns

1D4i5||||......,,,,,,,,,HIIIIHIHHH“
o 5 10 15 =20 25 30 35
T o (ns)
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| Additional gainwith
| thetiming system

(not to scale)
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Background
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yy + £ andysis
from CDF

Phys. Rev. D59
092002 (1999)

Background: QCD

| Background centered

aAs=0ns

| Resolution: 1.41 ns

o

Add up the As va ues of the 2 photons

120
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Event Selection for GM SB Analyses| |

.anday+E +jetsanayss (for high lifetimes).

y+ﬁr+jets
i analysisfrom
Signal (nottoscde)  Background DO
: """"""""5m14;"3"""""""""' Background:
= 12— ; — o
; ER : QCD, W+jets
0 I E Phys.Rev.Lett.
i E ] 82, 29 (1999)
4% 4; \ :
DE 0 : E!; i
i: i - Good background rej ection
4 i 3 with the timing system
B 6||||:
50 100 150 200 250
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Xp. Exclusion Region for GM SB models

Luminosity: 2 fb ‘

5(JI|III|III|III|III|IIIIIII

3 y+ E + jets analysis:

i best for high lifetime searches

yy + . analysis:
best X? mass reach

Limit with kinematical -
cuts only (E.) R, P

80 100 120 140 Ng0_/
x, mass (GeV/c )

= EMTiming is expected to extend the exclusion region
especially at large lifetimes
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Comparison to other Constraints

ALEPH-Limit

‘ Luminosity: 2 fb'

T | T Tr l FL.-T0 N I N N I A T I O N Y I A |
= v -
i

4] Limit from Higgs
€1 searchesat LEP

Cosmological
Constraint:
m(Gravitino) < 1 keV

. i

Superimposed EMTiming
exclusion regions

-
i

'''''
......

B0 80 100 120 t}0 160
i.l mass (GeWcz)

N2

>

: — EMTIiming coverstheentireregion between LEP and the
) ol cosmological bound for neutralino masses below 150 GeV for 2 fb*

¥, ¢ Y
G J
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Conclusion

submitted
to PRD:
hep-ph/0407022

¢ Theingtalation of the EMTiming system at CDF
will be finished in Fall 2004

¢ The EMTiming system at CDF will be sensitive
to yet unexplored regionsin the search for long-
lived particlesin Run 11 ...and can test the

GMSB mode for some parameter choices up to
Its cosmological bound
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Ay+ £+ Ojet analysis (for highlifetimes):

Signd  (ttoesds Background

Selection for Quasi-M odd-Independent Analyses| |

y+E +0jet andysis
from CDF
Background: Zy, Wy,

14— T 14 e T ] ]
wn 12 0 12? j W ey, QCD and
< o < 1of g coSMicS

s of 2 Phys.Rev.Lett. 89,

o E- \ 281801 (2002)

4t = af -

2f = | S

OE - 0 E -—\

j i j i Cosmics background:

ni ; - 5 randomly in As

R BRI MR Low o Lvv i b i lus | T A W T AL Y Y ORI T

\ i | R AT I L
AN 20 40 60 7 100 120 140 1860

] 1 I ol I |
18C 20 40 60 \80 100 120 140 160 180

QCD background:
Accepted events centered at As=0ns
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Senditivity in a Quasi-M ode-Independent Search

Compare the cross section limits of with EMTiming and kinematics-
only at each (7 ;,m;) point:

=0

Swio EMTimi 20 '
———— for GMSB y, pair-production

EuEDL?\IM{TMITiTilnI‘qFIWIFII||III|1rIr|IIII|iIII'|III‘
E i c = 0.5pb ] -
5 50/ . —y + E_ analysis
% [ i dominates
401 y nnnnnnl _ _
— B 1 remains
? The EMTlmlhg system : E sjels : effective up
¥ is most effective here G =0.1pb | to high lifetimes
\i =S
3 0
N | -2
yy + E. analysis better 5 ..

at low lifetimes ool

—0
and low masses 50 60 70 80 90 100 11g0120 130 140
X, mass (GeV)

ke P. Wagner DPF 2004 08/28/04




R Ty

g | ]
0.25 —
0.2_ ]
95% C.L.cross |, .. .
section limit '
ol Prod. cross section
I at m, =110 GeV
[ ) Tz =40ns
OB~ s la s la vy fapalisg el ¢
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Cosmics fraction
= Good cosmics rejection is valuable
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