Science & Technology
Facilities Council

ZEPLIN:
Current Results &
Future Plans

University of Edinburgh, STFC Rutherford
Appleton Laboratory, Imperial College London,

University of Sheffield,
LIP Coimbra, ITEP Moscow,
UCLA, Texas A&M University, Rochester University

"~ Fermilab - Hunt for Dark Matter



zZ2 o037 SE BEHEE6 ecal.d@dl
uent 2 Sum

Signal V)

1 1 1 1
Faaaa -6AEEEA -S@8aa -4@@a88 -Z@88a -Zaaaa -l@aaa a

Time (ns)

z2 coS7 s2 G526 ecal.B@@l co37 sS2 BEHEEE ecal.Badl

Ewvent 2 Sum

Signal v
Signal oY)

I I
-54200 —545080 -544080 —&4208 —64808 -£3888 —63688 —63488 -1588 -lee@ -5ea
Time tns?

1
a =]

Time tns [

L

O NOnNtrs CO




T

AT

(N ) coinnca @ Tackhonlnm,
P

ter equivalent /f‘“k'

.

./

vi.

Underground Research Laboratory
Boulby

mEvans = EemEEL EWsE Es wemEm IVEBESLLLE




0 R ICATE FERTFERT
G ARILE 11T

>
= 2 | —

Fermilab - Hunt for Dark Matter




Cob7 (080610 and 080617) position reconstruction

BDetector response: 57Co calibration
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® 0.55 p.e./keV (with field)
® Spatial resolution ~Tcm
® Fiducial volume 7.2kg




Co-57 Callbratlon stability

® S1 peak stability from Co-57 o 1 Scintillation]
® S2 shows expected E
improvement in E-resolution .
® S1 and S2 anti-correlated T
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Days into science data run
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S2 corrections

® Corrections to S2 size needed for

® purity (function of depth) gty arion |
B ] B _l'

® pressure (scaled to 1.5 bar) ;fv\\\f,wﬁf;y\ /:1”/1 LLAT

® ... and liquid depth between grids |

52/51 for cathode recolls {RL databasa)

® liquid surface charging
® ... using cathode recoil events
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mination Power

® AmBe calibration (upper)
® Co-60 Calibration (lower)

® Used to define acceptance window
® 50% n.r. acceptance shown

® lower S2/51=40 bound fixed

® Box defined 5-20keVee

® Uniform population across plots
® high rate calibrations (esp Co-60)

® coincidences between events and
‘dead-region’ events

® 98.5% y discrimination at 50%
Nn.r. acceptance
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® Efficiencies calculated for all event
selection, algorithm, DAQ), etc.
® Compared to calibration data

® Observed background consistent with

@ ... but spatial distribution shows cathode events_-

PMT simulations

i WIMP-like evenl hes one and anly one primncy and secondary

rate, events/kg/day/keVee

relative rate, keVee™

etector Efficiencies
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® Top plot shows events with veto

® Lower plot has them removed
® Second population seen

® Due to radon-progeny events on walls

® Acceptance window as before

® Also shown constant S2 contours

Second run in preparation

® Remove radon events to remove
second population

® Emission confirmed from SAES getters

Expected sensitivity -> 2e-7pb
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events/bin

events/bin

Expectation Analysis
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Cross-section result, first run
In review with Astropart. Phys.

astro-ph/0701858

http://dmtools.brown.edu/
Gaitskell, Mandic,Filippinj

® 29 events seen in box
® 28.6+4.3 expected (total)
® 10.4 upper limit to n.r

A
Ly
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® Translates to limit shown

® ‘canonical’ halo model

Cross-section [sz] (normalised to nucleon)
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® constant g.f of 0.19 used

DATA listed top to bottom on plot

KIMS 2005 - 237 kg-days Csl

DAMA 2000 58k kg-days Nal Ann.Mod. 3sigma,w/0 DAMA 1996 limit
CRESST 2004 10.7 kg-day CaWO4

Edelweiss I final limit, 62 kg-days Ge 2000+2002+2003 limit

ZEPLIN I First Limit (2005 70206080701

WARP 2.3L, 96.5 k%-days 55 keV threshold 1

ZEPLIN 1I (Jan 2007) result 10

Runs de AusitirottyRoszkowski 2006; CMSSM Markoy Chain Monte Carl

ggg eg aluzs(t)r(;z,Trott Roszkowski - arkov Chain Monte Carlos: ¢ WIMP Mass [GCV]
Ruiz de Austri/Trotta/Roszkowski 2006, CMSSM Markov Chain Monte Carlos: ¢

Ellis et. al Theory region post-LEP benchmark points

Baltz and Gondolo 2003

Baltz and Gondolo, 2004, Markov Chain Monte Carlos

070206080701
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Next stage: ZEPLIN-1II

® ZEPLIN-III constructed
® Surface calibrations completed

® Performance as expected
® some indication of higher then expected light yield

® Deployment at Boulby in progress

® Operations for next two years approved
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ZEPLIN 111 Features

8kg fiducial mass

PMTs in liquid to improve light collection
3.5 cm drift depth — higher E-field

0.5 cm electroluminescent gap

31 small PMTs for fine position sensitivity

open plan — no surfaces - reduced
feedback

Lower-background PMTs available
Copper construction
Low-background xenon (from ITEP)
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Position recovery

SUM [H00-H30], SUM 10x[L00-L30]
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Summary

® ZEPLIN-II First run completed underground
® Submitted first results
® 29 events seen, 28.6+4.3 expected
® 10.4 n.r 90%c.l. upper limit -> 6.6e-7pb
® Second run in preparation
® remove radon events from SAES getters
® improved stability of cooling systems
® expected sensitivity -> 2e-7pb

® ZEPLIN-III Construction completed
® Deployment at Boulby underway
® Operations for next 2.5 years approved
® Additional lab tests to confirm/explore xenon physics
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