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1. INTRODUCTION. v <
) LX¥e/LKr eleciromagnetic calorimeters are proposed as precise,
fast, radiation stable devices for accelerators of a new
generalion [1,2]. Some recent attempis to build LXe scintillating
calorimeter were not successful because of difficulties of
effective UV light collection (150 nm for Kr and 170nm for Xed
{3,4). Standard approach needs UV sensitive photodetectors, high
effective UV reflectors and extrimely UV-transparent scintillating
liquids. Simulations show even Im attenuation length achieved 1n
" laboratories is not enough to reach precise resolution. Our
approach 1s based on using of visible light sensitive PMI and
‘ajuminized Mylar reflector covered with wavelength-shifter (WLS)
to shift sciniillating spectrum at the visible range. On this way
we found desirable response functions can be -cobtained for
calorimeter cell of a needed size [5].

The scintillating calorimeter LIDER (Liquid Detector for
Electromagnetic Radiation) has been buill and was previously
tested at ITEF with LKr as a working medium [6). The calorimeter
has been 1nvestigaled in -detail al the BATES (MIT) electron
accelerator with LXe filling.
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2. EXPERTMENTAL SET-UP.

The scintillating - calorimeter LIDER ’Flg 1) consists cof
celluiar Mylar reflector structure viewed with matrix of
pactemuitipiiers immersed in 3 liquid noble  gas.  The
photomultipliers zre divided in S groups {7 Lo 11 PMTS per group).
Each group is power suppiied by common active divider placed
outside of the cryostat. The electrical inputs ars coming. through
miilipin metal-glass feedihroughs. Vessel with liquid (4, lig. 1)
is placed inside the cryssiat including lhres jackets : (B} filled
wilh nitrogen gas, (€ filled with liguid nitrogen, (D vacuum
isclation.  Aluminium supnlementors surround the reflector
structure to reduce used voiume of LXe to 35 liters. The heaters
(3} oprovide thermostabilization with *0.5K accuracy. The
temperature is measured by copper-constantan thermoccuples. The
LIDER is placed on a moving remote-controlled table at the BATES
2lectron bean.

The reflector structure is gqlued from 45 pyramidal
1
{

1ght-collecting ceils (Fig.2). Bach cell of
2.1%2.1x40x{4. 15x4. 18) cm dimensions is made of 50 um

aiuminized Mylar sirip-like covered with p-terpnenyie. Ore strip
per wall picturing is chosen for home-made reflector structure.
The hape of p-terphenyle strips is experimentally found to reach
formity of light collection along a ceil; it has been showa the
esponse functions are similar as for IKr and for LXe fillings in
he same cell [5]. The longitudinal response functions for iws
different cells filied by LKr is shown in Fig.3 which demonsirates
ood r UTOuUalbl;ltj' I response function for found WLS-picturing.
ransversal rasponse function is Mente-Carlo simulated (fig.4ad.
Some typss of PMI were tested specially to be used in
X /!LXe Photomultiplier FEUJ-8% (tabie 1) has demonstrated the
best propertles: a magnitude of signals does not depend on
temserature: noise of PMT at the LXr lemperalure is 2 times lower
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than noise of PMI" al the room temperature; il is mechanicaly
stable up Lo 10 atm. extra pressure.
* The 2?7Pu implanted into Mylar a-sources (1x! mm’ area) of
10-100 decays per second activity are placed in some cells

~-to test a uniformitly of light-collection,

-to calibrate a spectrometric channel,

-to test a LXes/LKr transparency,

-to determine a position of a liquid level durmg of

filling of the detector.

Each spectrometric channel is also controlled by pulse
. nitrogen laser (333 mm). Laser radiation activates the plastic
scintillator (12). The scintillating lighl passes as io each PMT
through plastic fiber (13) and to the monitoring pholomuliiplier
(14). Stability of PHT in time is measured by comparison of
signals from each cell and from the monitoring PMI. Variation of
signal magnitude of <2% was found for FEU-85 during run (7 hours)
in L¥e.

The gas system is shown in Fig.5. Cooled stainless 40 liters
high pressure cylinders (BPC) are used for Xe gas storage. Xenon
was purified In a gas phase passing through the "Oxysorb",
“Monotor" and “Hydrox-801" purifiers during of the LIDER filling.
UV transparency of LXe is measured in 1 liter contrcl chamber with
PM tube and two a-sourse placed ait different distances from
PMT-window covered by p-terphenyle. Liquid Xenon taken from the
LIDER after beam tests has demonstrated attenuation length of 3 cm
at purification by means of “Monotor™ + "Hydrox-BO1" and of 5 cm
at purification by means of "Oxysorb" + "Monotor” + "Hydrox-801*.

The read-out system is based on CAMAC electronies and
IBM/PC-466 computer (Fig. 8). Dala acquisition and ON-LINE data
_processing are provided by the MES programm (7). The 5 ms "dead”
.time of the readout system is defined by the acquisiticn time and
ON-LINE processing time of ihe computer. A special electronic
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system is used to protect of pile-up effect.. The 150 ns gale :s
used because of 3% of scintillation light is collected for this
Lime (Fig.7). The 2048 channels (i1 bits) CDC LeCroy 4300B FERA
are used for PMT pulse digitizing. The mean magnitude of signals
from ceatrai cell corresponds to about 3500-1000 channels of CDC
{200 keVY ver channeil. The signals from the beam counters CEl and
CE2, muon couniters CML and CMZ, and laser calibration counter CL
are also digitized. This information is recorded eveni by event to
hard disk. OFF-LINE data ireament is carried out in VAX of MITLHGS.
The triggers are generated with this system:

1) beam events (for electrons passing through CEi, CE2

counters; s2e fig.83, :

Z) pedestal events (from pulse generator.,

3} a~events (5 independent triggers for one cell with a-sourse

in each groupel, :

4) muon evenis (CMi and CM2 coinsidence from cosmiz muns),

5) laser events.

3. MONTE-CARLO SIMULATICNS.

Influence of the LIDER configuration on energy resclution is
investigated with GEANT Monte-Carlo program. As fluctuation of
energy deposited in entrance windows, in reflectcr walls, in other
constructive elemente and flucluation of energy leakage out of the
sensitive volume are taken in consideration. Longiludinal response
function measured earlier [5] and transversal response function
calculated specialy (Fig.4) are included in the program.

Response functions for light collecting celis are simulated
by the special Monte-Carlo program. The transparence of the
tiquid, mirror and diffusive reflective index for aiuminized Mylar
and p-terphenyl sirips as for visible and for UV light are taken
in consideration. Simulations shew a response function are quite

sensitive as to attenuation lenght in 2 liguid and the mirror
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reflectlve index for UV light. LXe is considered to be transparent
for visible light. The aluminized Mylar reflective index of of B3%
for visible light and 50% for UV at normal incident light are used
for calculations. The last value has been measured with 170 nm UV
source and UV-sensitive photomultiplier. The reflective indexes
provide a quite good correspondence of the simulated longitudinal
response function to the measured one [5] (Fig.3). The WLS covered
Mylar is considered as a total diffusive reflector with 70%
efficiency for visible light and as a total absorber for UV light.
The diffusive reflective index of 10% for aluminized Mylar is used
~as for visible and for UV light. The transversal response function
is presented in Fig.4 for S cm attenuation length of UV light in
LXe. :

~ The influence of leakage fluctuations on energy resolution is
presented in Fig.8. The curves are corresponded teo f{luctuations of
energy deposited in the LIDER due to forward (1), backward and
lateral (2) leakage fluctuations. Fluctuations of absorbed energy
in “dead” matter of the Mylar walls (2x50 um) and possible “dead"
LXe layer between cell walis (0.5 mm) and belween Lhe inner window
and the reflector stiructure (5 mm) are shown by (3) and (4
curves. The (5) curve corresponds to fluctuation of the energy
iosed in the entrance windows (totaly 3 mm of stainless steel).
Compar 1son of the above simulations shows that energy resolution
of the LIDER buiit with “"ideal” cells (controlled by absolute
uniform response functions) is limited generaly by fluctuations of
deposited energy in lateral direction al the 100-500 MeV energy
range (1 curve, Fi1g.8).

The Monte-Carlo calculated dependence of the LIDER detector
energy resolulion on electron beam energy is presented in Fig.S.
The curve ! corresponds to detector with the "ideal” light
collecting cells, curves 3 and 4 corresponds to detector with
ore-strip covering ceils for 5 cm and for 3 cm attenuation length.




4. EXPERIMENTAL DATA.

The LIDER has been exposed at 108, 174.3, 280 and 348 MeV
electron peams at the BATES accelerator. The time structure of the
beam is the 15 ps bunch consequence with 600 Hz repetition rate
with intensity 0.5-2 electrons per bunch (3700-1000 electrons per
second).

4.1 Calibraticn procedure.
To obtain the calibraticn ccefficients the central part of
the LIDER (5x5 cells) has heen scanned by beam with step of 20 mm.
Three calibration procedure are used.  According to the
first one the calibration coefficients -for all cells are
calculated by minimization of the energy distribution width.
For this purpose the following function is minimized by means of
MINUIT code:
N
Flk, ... k= L (E

iz

- 2
|- (E-E )R,

M
where E = ] ij{ is an energy for i-th event, k is a cal'.bration‘

coc:.'i‘f'icieg‘ix for j~th channel, A” is a pulse amphtude for i-th
events j-th channel, N is number of events, E is the electron
beam enerqy, EL is a leakage energy. E,_ depends on beam
coordinates and it is calculated with GEANT simulation program.
The procedure was checked for simulated events.

According to the second method two dimensicnal plots of

energy deposited in the calorimeter outside the j-cell

E ,*E,~ &, ) on energy deposited in this cell e =k.A  are draws
Ior eve"y _; For correct calmratlon coeff mlen{s all points on
this plots must lie close to the £ = -E. J-e, line with

iy
tg&aj; = -1. For noncorrect coefficients the experlmental paints




4

lie close to a line with ltg(uj)l > 1 if the coefficient is
understated or |tgle )} < 1 if the coefficient is overstated. The
coefficients are calculated with iterative procedure where the
next iteration coefficients are defined by k J(next)=k J'Lg(ajl.

The third method is the following iterative procedure.
Calibration coefficients are fitted to provide the measured energy
of (E-E) independently on the position of  shower
center-of -gravity. If the energy is less {more) than (EO-ELJ for
~ events with shower center-of-gravity close to some cell then the
appropriate ccefficient in this cell is increased (decreased) in
~ the next iteration. . L
The results of the above calibration procedures are adequate.

4.2 Energy characteristics.

The energy spectrum for 348 MeV electrons reconstructed with
cbtained <calibration coefficients is shown in Fig.10. The
experimental data on energy resolution for different electron
energies are presented in Fig.9 (stars). The data for 106 MeV,
“174.3 MeV, and 260 MeV elecirons are measured with the
detector filled with liquid Xenon purified in a gas phase by the
"Monoter™ and “Hydrox-801" purifiers (attenuation lenght for UV
light measured in the control chamber is about 3 cm). The data for
348 MeV electrons was obiained with zenon purified additionally by
“Oxisorb” purifier {attenuation lenght is about 5 cm).

) Fig.11 shows the experimenial and simulated dependences of
the derivation from E, of the measured shower energy on the
position of the shower center-of-gravity in X direction. Bumps on
the last dependence correspond Lo the position of reflector walls:
and are result of nonideal tramsversal response function (Fig.4).

4.3 Coordinate char_acteristics.
Coordinates of an incident electron beam are defined ac a
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center-of -gravity position ~of the distribution for energy
deposited in the detector. A spread of the beam position is
determed by 0.5 x 0.5 cm scintillating counter. The X distribution
of the center-of-gravities is presented in Fig.12, from which
coordinate resolution of o > 0.7 cm has been found taking into
account the beam spraad.

An ideal calorimeter should provide linear dependence of the
chower center-of-gravity position on beam position. To investigate
such dependence the calorimeter has been scanned by electron beam
; and ¥ directions with step of 5-10 mm. Fig.13 shows an
ability of the LIDER to measure position of incident electron of
348 MeV as a calculated position of the shower center-of-gravity.

4.4 Time characteristics.

The TOF measurements were performed by means of LeCroy 22284
TOC at 174.3 MeV beam energy. A stari signal for TDC is generated
by the beam counter, a stop signal [s generated by the cell with
maximum deposited energy. The time resolution of o= 0.8 ns
{Fig.14) has been ocbtained taking in consideration the time
resolution of the start beam counter. The total pulse duration
{55% of charge) from a single cell is less than 150 ns (see fig.7)
and is defined by decay time of scintillation.

5. DISCUSSION

The presented experimental data demonstrate good time
properties, sufficiently good coordinate resolution of the
detector and are agreed with Monte-Carlo simulations. The energy
resolution is still 2.5 - 3 times worse than GEANT predicted for
“ideal" light collection. It is caused by the transversal
nonuniformity of “"one-strip per wall" light-collecting structure.
As the range of such nonuniformity and energy resolution are

4

depended on LXe transparensy (curve 1, Fig.15) if the attenuation
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length is comparable to transversal dimensions of the cell ( <Scm )
only. Therefore the achieved parameters ¢f the detector can not be
essentially improved by means of increasing of LXe transparency.
Another way is to use more fine picturing which is much more
expensive in manufacturing. Curve 2 in Fig.15 and curve 2 in Fig.8
demonstrate aboul € times betler energy resolution for the
- detector with picturing of 4 WLS strips per wall of light
collecting cell relatively to picturing with one-strip per wail.
‘Further improvement of resolution is possible using the cell
with surface totaly covered by transparent to visible light WLS
_(the p-lerphenyle layer is diffusive reflector for reemitted light
and parlially absorbs il). Preliminary lests with cell covered
with such WIS developed by Single Crystal Institute (Khar'kov)
nave shown only 10-15% transversal nonuniformity (near wall risel.
The longitludinal uniformity can be achieved in this case by
variztion of WLS concentration along the cell. But a new WLS has
to be investigated additionaly for stezbilily in liquids, radiatien
hardress and reproducibility of longitudinal uniformity for
" mass-produced cells. '
Time characteristics of the calorimeter mav be improved by
" adding a molecular depand as N; in [Xe to recuce decay time of
long living component of scintiilation.

6. CONCLUSION
The first full scaie scintillating calorimeler has heen buill

and tested. In L¥e the measured energy resoluticn is o /E > “%/ngn.
The developed method of “visible sensitive photodetector + Mylar
reflector with WLS-covering™ opens a real way to huild precision’
calorimeters using ncn-expensive photo-dstectors and demanded LXe
purity easy i be achieved (Latt_= 5-1J ¢m).

Spatial resolution of the calorimeter = 0.7 cm for single
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electron shower in LXe. ,
Good time properties - time resolution o> 0.6 ns and
utilized signal width of 150 ns - allow to use the detectar at
high luminosity accelerators for example in experiments for

measurements of parity violating electron scattering on hydrogen
[8l. '
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: . ‘Table &
General characteristics of FEU-85 photomultiplier.

Photocathode - semi-transparent head-on Shisl
useful diameter of 25 mp
Spectral sensitivity range | 300-500 nm
Maximum spectral sensitivity 340-440 1
Luminous sensitivity 78 uhsim
Number of stages 11
Tube diameter _ 3C mm
imum length 110 mm
Mass 50 g
Lifetime : 2000 h
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Fig.1. Schematic drawing of LKr/LXe scintillating calorimeter:
1-Mylar reflector, 2 - LKrv/L¥e vessel, 3 - heater, 4 - support
for Mylar reflector, § - PMI in magnetic screen, & - liquid
nitrogen input, 7 - Kr/Xe gas input, 8 - PMT connectors, 8 -
muitipin metal-glass feedthroughs, 10 -  PMI divider, 11 -
support, 12 -plastic scintillator, 13 - fiber, 14 - monitoring
photomultiplier, '

a - LKr/LXe volume,

b - gas jacket,

¢ - liquid nitrogen jacket,

d - vacuum isolation
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Fig.2. Single calorimeter cell (a) : 1 - PMI, 2 - fragment of
p-terphenyle strip. 3 - Mylar pyromidal reflector: and refliector
structuce (b). "
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Fig.8. Dependence of fluctuation of energy deposiled in the LIDER
due Lo energy leakages in forward (1), backward and lateral (2)
directions and due to absorption of energy in Mylar walls (3), LXe
layer in front of the reflector structure (4) and in the inmer
windows (5) on energy of electron bean.
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