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What IsBTeV ?
* At the Tevatron p-pbar collider, at Fermilab :

> Forward Spectrometer
> Beauty and Charm Physics::
~ Precision measurements
« Search for rare and forbidden phenomena

e BTeV isapart of broad program to address
fundamental questionsin flavor physics

* For detalls: http://www-btev.fnal.gov
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BTeV Detector Layout
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|mportant B Decay M odes

B > (px)? > wtn =
The cleanest way to extract
in the unitary triangle

B > yn, ywn'

B° > K*y, p°%

Excellent reconstruction of neutralsis needed !
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Choice of Technology

* Choiceof crystals:
+ Excellent energy resolution

+ Structural compactness

e Choiceof PbWOyg:

+ Radiation hardness
+ Fast sgnal
+ Compact shower size

e Choiceof PMT's:

Potential producers:

» Possible since away from B Apatity, Beijing
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ECAL Mechanical Structure

@\ Design supported by extensve MC studies

@/ - ' Tmﬂ

Crystol auter koundory

* Tapered crystals
off-pointing at IR

* AL stripssupport cell
structure

* Quter ''radius’ 160cm

* Sguare beam hole
+10.88cm in x and y

* Distance from IR 750cm

* Cooling and humidity
control desgn underway

ECAL acceptangg Issmaller than that of the tracking system (300mrad);

thisleads to about 20% signal lossfor most final states
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Prototype M echanical Structure

|
\%ﬁ: “ l |
To get better sense of
the strips assembly
—_— To estimate production

cost and schedule
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Expected Performance
S(E)E =1.7%/ \E ® 0.55% o(x)=2770um / \E & 170um

Reconstruction of v's
* Clustering algorithm * Charged hadronsr g ection

+ Partition of showersoverlap * More sophigticated handling of
L . shower sover lap underway
* "FIne"’ corrections

Generated and detected +'s from B°— K*v (G3+rec.tools)
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Expected Performance

Reconstruction of m¥sfrom B° -> p* 1t (G3 + BTeV rec. tools)

G(M)=(3.7 + 0.3)MeV

Mv).CeVic?
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* + min bias events : Poisson distributed,
mean = 2 /beam crossing
* B-mass plot isfor eventsin which the
charged tracks and the yy—pairs pass
all cuts
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ECAL Test Beam Program at IHEP(Russ a)
5 test beam runssince April 2001
Tested crystalsfrom all 4 potential producers

* Prove expected energy/position resolution
e Study unifor mity of light output
* Study behavior vstime:
~ effect of irradiation
- readout stability
* Stepstowards monitoring and calibration

* Stepstowardsquality control
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Test Beam Facility at IHEP

*2B channel at U70 *Pion beam :
*Beam momentum tagging ~ ~Energy : 40GevV
*Trigger (scint.counters) ~|ntensity up to 8x10° 1/spill
eElectron beam : -~ Radiation rateto 60rad/hr
~Energy : 1t045 GeV *Dedicated irradiation
_ 3 | facility (70GeV p beam on

~|ntensity up to 10° e-/spill Be tar get)
~Radiation rateto 25rad/hr
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BTeV/ECAL Test Beam Setup

* 5x5 array of crystals, each
27x27x220mm?3 (BTeV will use
tapered crystals)

* Tyvek wrapping (to enhance
light output)

* PMT's 10- or 6-stage
(Hamamatsu R5800 or R5380Q)

* Thermal insulation
(+ temperature control)

* L ED-based monitoring system

BTEY
th i i
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Energy and Position Resolution
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Stochasticterm (1.8+0.1)% in the enegy resolution isso far
the best experimental result for PbWO4

Both energy and position resolutions depend on angle; will be
taken care of by projective geometry

References: NIM A 510/3, pp. 211-218, pp. 248-261
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PbWO4 Irradiation : Test Motivation

Simulation of BTeV/ECAL radiation env. - MARS-IHEP
Radiation env. very non-uniform across ECAL
* different dosesvsdistance from beam line (0.11-720rad/hr
=> (0.3-2000krad/year in crystals)
* different particlespectraalong X & Y => different dose
profilealong crysals
Motivated :
* Useof both e- and = beamsto study radiation damage

* Use of beam of variousintensty
* Super-intensveirradiation at dedicated facility
* Useof Cs-137 source

8" |CATPP, October 6-10,2003  JuliaYarba, Fermilab BTEY



Monitoring Light Output Changes:

Pur pose, Components
e Monitor ||ght Output e BlueLED to monitor

under irradiation transparency of crystals

 Monitor gain drift of ~ * Red LED tomonitor
PMT's (unexpected PMT's(much less sengtive
effect; later confirmed totherad. damage effect)
at 3% at dedicated e Plagtic fiber light guides
stand)

* PIN-and a-monitoring of
_ED's

. . BTEYV
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Stablllty of the M onltorlng System
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System isstable within : temp.var.
*0.1-0.2% over 1day Major sourceof longterm
e 0.5% over 1 week Instability weretemperature
e 194 over several months variations (over 2000hr)
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PbWOg Irradiation : beam

27GeV e-, doserate 8-25rad/hr 40GeV 1+, doserate 1-60r ad/hr

= 1 + 'S [
.E‘J ) 1 —# >
£ LED signal — 0.5 B ‘
E Sk 0o T
== = L %
= . o 055 |- -
R0.95 - =
— 0.8 |-
5 = oy -
= K075
== = - -»
= o7 |- -»
Flectron signal = * o
+4 =00 17 T T
o .. oe [ 111 31 45 rad/hour
O 25 S50 75 0  S00 1000 1500 2000 2500 3000 3500
Time, hours absorbed dose, rad
P s o ) e =]

—= o | i ogpsls sumzEo | P
& v ¥ +* )
= 0.95 |-
= - =
= k= S0 |
£0.98 | Pay = *
=YV S=0.85 -
= R =
= ? ~ 0.8 [

L =

—lg.7s
0.96 | i ¢
i I# .+. | ey e | | . 0.7 |y
0.9 0.95 1 “o.a 0.5 oe 07 os oo 1

Relative electron energy Electron light cutput

 Under 1r-irrad. larger light loss under the "same'' doserate
* For both clear corr. LED vse-, but large spread of corr. coeff.
BTEV
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PoWOg4 Irradiation : super-intensive

f e -y * Dedicated facility : 70GeV p
oo beam at Beinternal target
EN S * Secondary particles spectra
B ° smilar to expected in BTeV
£ | 100krad/h & ©
L * | * Doserates1-100krad/hr

ol | Absorbed dosesup to 3Mrad

il _1| Ll L ol Lol 2. Ll 3.
10 1 10 10° 10
Accumulated dose in krad

Good news: even after very intensiveirradiation PboWQOg4
still producelight and areableto recover afterward
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Stepstowards quality control

*Cs-137 source (E=0.661MeV) * Special lead screen to emulate dose
*Doserates 30-60rad/hr, 114rad/hr  longitudinal profile smilar to that
of - irradiation

Resultsare preliminary
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Dose rate, rad/h
Under smilar irrad. conditions For ““good'' crystalslight output
crystals behavior under yirrad. stabilizesunder irradiation so that
scaleswell to that under & irrad. Increasing theirradiation intensity
(in state of saturation) doesnot induce additional damage
BTEV
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BTeV/ECAL Calibration : General

L ight output changesdueto radiation => needs monitoring
PMT'sgain varieswith intensity => needs monitor
Calibration precision 0.2% to maintain expected
performancein reconstructing y's, ¥'s, B's

Scenario .
Light Pulser System (short-term variations, entire
readout chain during assembly, crytalsrecovery during

shutdowns, rapid survey after shutdowns)
+

In Stu calibration (long-term variations of energy scale
of each crystal)

BTEYV
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BTeV/ECAL Calibration : In Stu

* Usee'sproduced in events
* Rely on E/p selection criteria

e Calib.precison ~1/sqrt(Neg),
: 20 0(E/p)~1.9% => 100€ s/xtal
SSERSRSAT TS~ B to achieve 0.2% precision

=5, | e Rates: (1-17)x10™ € g/xtal/evt

* |nthewors carescenario need
~107 events - several hours of
running

N W TV PTY POPPRPT Prre]

¢ 0.8 0.85 0.9 0.95 1 1.05 1.1“ ‘1‘,1; '"“_;f;“m E/p
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Themostzhilisation
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ECAL mechanical support
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BTeV/ECAL Light Pulser System

*Required stability of 0.2% over
several daysisrealistic

* Each pulser feedsviafibers 2,500
PbWO4 crystal with equivalent of
scint.light produced by 20GeV
photon (per crystal)

| ight distribution must bevery
uniform over 38x38mm? area

*uxeon blue, red LED's
(exceptional luminousflux, long
operating life, temp.dep. of light
output <0.1%/C)

* Reference PN silicon photodiodes

*Silica optical fibers- rad.hardness

JuliaYarba, Fermilab Bﬂ
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Inside: LED'stdriver, light mixer,
temp.stabilization unit, reference PN
Cables for test only; will befibers

Light uniformity over 34x34mm?: 0]
FWHM=2%, full width 8% fow]
Stability : 3 =
0.05%- 1 day, 0.1% -20 days
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Light Pulser : Test of Prototype
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Summary
Expected energy/position resolutions proved experimentally

BTeV pioneered in studying the PbWO4 radiation hardness

In the particle environment smilar to expected at hadron
colliders

PbWO4 crystalssustain radiation damage but are ableto
recover naturally, thustheloss of light output islimited

Changeswill be constantly monitored; calibration precision
of 0.2% isrealistic

BTeV ECAL iscapableof CLEO/BaBar/Bdle-like
performancein both efficiency and energy resolution -
unprecedented in hadron machine

BTEYV
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