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1. Th1'RQDUC'lTON. 
LX~/LKr electromagnet.ic calorimeters are proposed ,as precise, 

fast., radiat.ion stable devices for accelerators of anew 
generat.ion [1,2]. 'Some r~nt at.templs to build LXe scintillating 
calorimeter were not successful because of difficulties of 
effecli ve UV 1ight collection C150 nm for Kr and 170nm for Xe) 
[3,4J. Standard approach needs IN sensitive phot.odetectors, high 
effeclive UV reflectors and extrimely UV-lransparent scintillallng 
liquids. Simulations show even 1m attenuatlon lengt.h achie"ved In 
laboratories is not. enough to reach precise resolution. Our 
approach lS based on using of visible light sensitive PM! and 
aluminized Mylar reflector coveredwit.h wavelength-shifter (\rc~) 

to shifl scintillating spectrum at the vlsible range. On this way 
we found desirable response functions can ~obtain~d for 
calorimeter cell of a needed size r5) . 

The scintillating calorimeter LIDER (Liquid Detector for 
Electromagnetic Radialion) has been bUilt and was previously 
t.est.ed at ITEF with LKr as a working medium [5l. The cal.orimeter 
has been lnvest.lgat~ in· det.ail at t.he BATES (MIT) elect.ron, 
accel~rator with LXe filling. 
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2. EXPERH1ENTAL SET-uP. 
The scintillat.ing· calorimeter LIDER (Fig. f) consists of 

celliJlar Mylar reflector struct.ur& viewed with ~.alr ix of 
phclcmult.ipl iers immersed· in a. liquid noble. gas.. The 
photomultipllers are divided tn 5 groups (7 to 11 ?t4Ts per group). 
Each group is power supplied by common active ciivlder placed 
outside of t.he cr:·ostat. The elect.rical. in~t!t.s are coming. thr-ough 
~lltipin [~tal-glass feedthroughs. Vessel with liquld CA, fig.i) 
IS placed inside the cryost.at including lhree jackets : CB} filled 
with rut.rogen gas, CC) filled with liquid nitrogen, em '{acuum 
i~clatlon. Aluffilnium 5upplementors surround the reflector 
structure lo reduce used volume of LXe t.o 35 liters. The h.sat.ers 
:3) proviae thermostabillzation with :'0.5K accuracy. The 
temperature is measured by copper-constanlan therrooeouples. The 
LIDER is placed on a moving remote-controlled table at the BATES 
'219':Lron beam, 

The reflector structure is glued from. 4S pyramidal 
llght-collecting cells (Fig. 2). Each cell of 
(2. 1x2. Dx4.0x( 4. 16x4. 15) em dimensions is made of 50 pm 
~luminized r~lar strip-like covered with p-terphenyle. One strip 
p-er wall picturing is chosen for home-made reflect.or struct.ur-e. 
The shape of p-terphenyle strips is experimentally found Lo reach 
uni.formity of light collect.ion along a cell; it has been ShOWtl the 
i9sponse functions are similar as for LKr and for [Xe fillings i~ 

u.€ S~ cell (51. The longitudinal response functions for t.wo 
different cells filled by LKr is shown in Fig.3 wh.ich demonst.rates 

. soad reprodU31bility of response function f.oi found WLS-picturing. 
Tr1nsversal response funct.ion is Monte-Carlo simulaled Cfig.4a). 

Some typ'dS of PM1 "1iere tested sp€Clal1.y to be ilSed in 
LKr/LXe. ?hotomul Uplier FEU-85 (table 1) has demonstrated the 

!.;~sl properties: a magl:it.I!oe (}~' signals does not depend on 
Lemp€rature; r:Olse of Pm' at the LKr Lemp~r~.tHre is 2 times lower 
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than noise of PM!' at t.he room temperature; it is mechanicaly 
stahle up to 10 atm. exira pressure. 

\ The 2:r.,pU· implanted int.o Mylar a-sources (lx! _ area) of 

10-100 decays per second aqtivity are placed in some cells 
-t.o test a uniformity of light-collection, 
-to calibrate a spectrometric channel, 
-to test a LXe/LKr transparency, 
-to det.ermine a position of a I iquid level during of 

filling of the det~ctor. 

Each spectrometric channel is also controlled by pulse· 
oi l!'"ogen laser (333 mn). Laser radiation act.ivates the plastic 
scintillat.or (12). The scintillating light. passes as to each 00 
through plastic fiber (13) and to the monit.oring photomultiplier 
(14). Stability of PPII' in time is neasured by comparison of 
signals from each cell and from the monitoring PMT. Variation of 
sIgnal magnitude of <~~ was found for FEU-85 during run (7 hours) 
i.n LXe. 

The gas system is shown in Fig. 5. Cooled. stainless 40 liters 
high pressure cylinders (HPC) are used for X€ gas storage. Xenon 
was purified in' a gas phase passing through the "Oxysorb". 
~otor"and ·'Hydtox-BOl H purifiers durin9 of the LIUER filling. 
uv transparency of LXe is JJlto~ured in 1 liter contrel c.halJlt?er with 
PM lube and t.wo a-Sourse placed at. differenidlstances from 
PKf-wim:io¥l covered by p-t.erphenyle. L.iquid Xenon Laken from the 
LIDER aft.er beam t.est.s has demonstrated att.enuation length of 3 cm 
at purificat.ion by means of "1t>notor. tt + "'Hydrox-B01" ant:r-'of 5 em 
at pur ificalion by means of ''Oxysorb"' + tlft.mot.or ff + "H)'drox-S01 N. 

The read-out system is based an CAMAC elect.ronics and' 
IBto/PC-486 computer (Fig. 6). Data acquisition and ON-LINE data 
processing are provided by the MES progranun [71. The 5 ms tldead" 

. tlme of the re2dout system 15 defined by the acquisit.ion:time and 
~ON-LINE proc~ssing time of the computer. A special electronic 



sy'stem is used to prot.ect of plle-up effect.· Th~ 190 ns gate .:.s 
:..'Sed because of ~5% of scinti:lat.i.orl light is collect.ed for lhlS 
Ume (Fig. 7), The 2048 channels (11 b:ls) CDC LeCroy 4300B FERA 
are used for fl,t! pulse diglt.izlng. The !ilean magnit.ude of signals 
from ce:1tral cell corresponds to about 500-1000 channels of CDC 
(200 keV per channel). The signals from the beam counters GEl and 

CE2. muon counler5 eM! and cr-e, and laser cal ibrat.ion counter GL 
are also digltized. This infoi"iI'.ation is recorded. event by event to 
hard disk OFF-LINE data ireament is carried out. in VAX of MITU~. 

rne triggers are generated ~ith this syst.em: 
1) beam eYents (for electrons passing t.rJ"ough GEl, CE2 
co~~t~rs; S'~ f19.6), 
2) pedestal events (from pulse generator~. 

3j a-e'lents (5 independent. triggers for one cell with a-sourse 
in each gr~upe)~ 

4) muon events ccr.n and C~ coinsidence from cosmi~ muons), 
5) 1aser events. 

3. 'OONTE-CARLO SIMULATIONS, 
Influence of the LIDER configuration on energy resolution :s 

investigated with GEAl"'T Monte-Carlo program. As flu4~tualion of 
energy deposited in entrance windows, in reflector walls, in e>t..her 
const.ructive elements and flu.-::t.uation of energy leakage oflt of t.he 
sensitiY'e volume are taken in consideration. LongItudinal resporlse 
function measured earlier [5) and tr ansvflisal response func.t.Lm 
<;dlculat.ed specialy CFig,4) are included in the progtam. 

Response functions for light collecting cells are simulat.ed 
by the special Mcnte-Carlo program, The tranc;parence of t.he 
liquid, mirror a.nd diffusive reflecUve index for aluminized Mylar 
and p-terphenyl st.! ips as for visible and for LV ~ 19ht are taken 
i:1 considerallon. SimulatioflS show a response ftinction are q'Jite 
sensitive as to attemration lenght in a llquid and t.he l!ii.rror 
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reflectlve indey. for UV light. LXe is considered to be tr~~sparenl 

for vlsible 1ight The aluminized Mylar reflective index of of 8~~ 

for visible llght and sm. for LN at normal incident light are used 
for calculations. The last value has been measured with 170 nm UV 
source and llV-sensitive photomultiplier. The reflective indexes 
provide a qUite good correspondence of the simulated longitudinal 
response function to the measured one [5] CFig.3). The ~lS 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 respo~se function 
is presented in Flg.4 for 5 cm attenuation length of UV light in 
LXe. 

The influence of lea,kage fluctuations on energy resolution is 
presented inrig.B. The curves are corresponded to fluctuations of 
energy deposited in the LIDER due to forward (1), backward and 
lateral (2) leakage fluctuations. Fluctuations of absorbed erlergy 
in "dead" matter of the Mylar walls (2x50 /-1m) and possible "dead" 
LXe layer between cell walls CO.5 mm) and between the Inner window 
and the reflector structure (5 mm) are shown by (3) and (4) 
curves. The (5) curve corresponds t.o fluctualion of the energy 
losed 10 the €'ntrance wlndows Ct.otaly 3 mIn of staInless st~l), 

Compar 150n of the above slmulalions shows thal energy resolution 
of the LIDER bullt with "ideal" cells (controlled by absolute 
un:form response funcllons) IS Ilmited generaly by fluctuations of 
deposited energy in lateral dir.ectionat. the 100-500 MeV energy 
range (1 curv@. Flg.B). 

The Monte-Carlo calculated dependence of the LIDER detector 
en~rgy resolutlon on electron beam energy is presented in Fig.9. 
The CUT'.€, 1 (:orresponds to detector with the "ideal" light 
collecting cells. curves 3 and 4 corresponds to detector with 
~'me-sti1p cover lllg Ct:' 11s for 5 cm and for 3 cm attenuatlon length. 
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4. EXPERIMENTAL DATA.
 

The LIDER has been exposed at 106, 174.3, 260 and 348 MeV 
electron oeams at the BATES accelerator. The time structure of the 
beam is the 15 ~ bunch consequence with 600 Hz repetition rate 
with intensHy 0.5-2 electrons per bunch (300-1000 electrons per 
second) . 

4.1	 Calibration procedure. 
To obtain the calibration coefficlents the central part of 

the LIDER C5x5 cells) has been scanned by beam. with step of 20 mm. 
Three cal ibration procedure are used.' According to the 

first one the calibr at ion 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 
~(' k"l_-rE _rt'~J)aN
l' K ,··, r-r'-ll 1 l~o ~ /,

1 
M 1:1 

where E. = r k. A.'. is an energy for i -th event, kI is a cal ibration 
1 j=l J lJ .	 ... 

coefficient for j -lh channel, A..
lJ 

is a pulse amplitude for t -th 
events j -th channel, N is number of events, E is the electron 

I) 

beam energy. E is a leakage energy. E1. dependS on beam
1. 

coordinates and it· is calculated with crJ:A'IT simulation program. 
The procedure was checked for simulated events. 

According to the second method two dimensional plots of 
energy deposited in the calorimeter outside the j-cell 
t =(E. - e. ) on energy deposlted in this cell e =k. A.. are draws 
l]	 1 1.J l' jlJ

for every j. For correct calibration coefficients all point.s on 
this plots must lie close to the ~.. = CE -( )-e.. line wlt.h 

.	 LJ 0 t.. lJ 

tgCa.) = -to For ncncorrect coefficients the eKperimental points
J 
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lie close toa line !Wit.h . ligCo ) I > 1 if the coefflcient ~s 

undersiated or ligCo.)I < 1 if the
j 

coefficient is overst.ated. The 
coefficients are calculated wlth ilerative procedure ~,rhere the 
next iteration coefficient.~ are defined by kJ(nexl)=kJ·lg{a

j 
). 

The third method is the followir.g iieralive procedure, 
Calibration ~oefficients are fitled t.o provide lhe measured energy 
of CEo -~) independently on the posilion of shower 
cenler-of-gravity. If t.he energy is less (more) than CEo-\) for 
events with shower center-of-gravity 'close t.o some c~ll then the 
appropriate ccefficienl in this cell is increased Cdecreasedj in 
the nexl iteration. 

The result.s of the above calibration procedures are ·adequate. 

4.2 Energy characterist.ics. 
The energy spect.rum for 348 MeV electrons reconstructed with 

obtained calibrat.ion coefficient.s is shown in Fig. 10. The
 
experiment.al data on energy resolut ion for different electron
 
energies are presented in Fig.9 Cstars). The data for 106 l'eV,
 

. 174.3 MeV, and 260 MeV elect.rons are measured with the
 
detector filled with liquid Xenon purified in a gas phase by the
 
"Monot.er" and '1iydrox-801" purifiers (attenuation lenghl for UV
 
light measured in the control chamber is about 3 em). The data for
 
348 MeV electrons was obtained with xenon purified additionally by
 
"Oxisorbu purifier CaU.enuat.ion lenght. is about 5 em). 

Fig.!! shows:. the experiment.al and simulated depe'ldences of
•

the derivation from E of t.he reasured shower energy on the 
o 

position of the shower cenlcr-of-gravit.y in X direction. Bumps on 
the last. dependence correspond to t.he position of reflector walls· 
and are result of nonideal transversal response function (Fig. 4). 

4.3 Coordinate characteristics. 
Coordinates of an incident electron beam are defined. as' a 



8 

center-of-gravit.y positIon of the distribution for energy 
deposit.ed in lhe detector. A spread of the beam position is 
determed by 0.5 x 0.5 em scinlillat.ing count.er. rne Xdistribution 
of the cenler-of-gravities is presenled in Fig.12, fro)ll which 
coordinale resolutIon of r; ~ 0.7 em has been found taking into x 
account the beam spr~ad. 

An ideal calorimeter should provide linear dependence of lhe 
shower cenler-or-gravity posllion on beam posilion. To investigate 
such dependence the calorimeter has been scanned by electron beam 
~n '/.. and Y directions with step of 5-10 mm. Fig.13 shows an 
ability of the LIDER to measur~ position of incident electron of 
348 MeV as a calculated position of lhe shower center-of-gravity. 

4.4 Time characteristics. 
The TOF measuremenls were performed by means of LeCroy 2228A 

TDC at 174.3 MeV beam energy. Astart signal for TDC is generated 
by the beam counter, a stop signal is generated by the cell with 
maximum deposlted energy. The tl~~ resolutlon of a = 0.6 ns

T 
CFig.14) has been obtained laking in consideratlon the time 
resolution of the start beam counter. The total pulse duration 
C95~o 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 exper imental data demonstrate good lime 

properties, surf icienlly good coordinat.e resolulion of the 
detector and are agreed with Honle-Carlo simulations. The energy 
resolution is still 2.5 - 3 limes worse than GEANT predicted for 
"ideal" light collection. It is caused by the transversal 
nonuniformity of "one-strip per wall tt light-collecting structure. 
As the range of such nonuniformity and energy resolution' are 
depended on LXe transparensy (curve 1, F.ig.15) if lhe altenuation 
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length is comparable to t.ransversal dimensions of the cell ( (Scm) 
only. Therefore t.he achieved paraJreters of t.he detector can not be 
essent.ially improved by means of increasing of LXe transparency. 

~1Other way is to use .more fine picturing which is'mL~h more 
expensive in manufacturing. Curve 2 in Fig. 15 and curve 2 in Fig.g 
demonstrate abOut 2 tii~ better energy resolution for the 
detector with picturing of ~ WLS strips per wall of light 
collecting cell relatiYely to picturing 'with one-strip per walL 

Further improven~nt of resolution is possible using the cell 
with surface tot.aly covered by transparent to visible light WT--S 

. (the p-terphenyle layer is diffu51ve reflector for r~m~tted light 
and partially absorbs itJ. Preliminary t.est.s with cell covered 
with such 'vn.s developed by Single Crystal 'Instit.ute (i(har'kov) 
hay~ shown only 10-15~·~ transversal nonuniformi ty (near wall r .iseJ. 

The longitudinal uniformi ty can be achieved in this case by 
varialion of Wt$ concentration a.long the cell. BIJt a new W1S has 
t.o be investigated addilionaly for st.a,bil Hy in 1iquids, I adiation 
hardnes.s and reprooucLbilily of longit.udinal uniformity fur 

. mass-produced cells. 
Time c~raclerjstics of the calor imeler may be Improved by 

adding a molecular depand as N in LXe to reduce decay time of 
2 

lang	 liVing component oi scintillation. 

6.	 COMCllEION 
The first full scale scintillating calorimeter has been built 

and tested. In LXe the measured energy resolutlCm is O'•
~ 
.,/E ~ 5%/l'E.... 

The developed method of "Ylsible sensitive phot.odete~tor + Mylar 
rEfl~t.or with WLS-covering" opens a real way to build precislon' 
calorimeters uSlng non-expensive photc-d~ter.tors and dert~nded LXe 
purity easy to be achieved (L

ail 
. =5-10 em). 

Spatia 1 resohJ~ion of the Ca10!! 'tl?ter a ::: O. 7 em for singlex 
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.electron shower in LXe. 
Good time properties - time resolution ~r~ 0.0 ns a~ 

utilized signal width of 150 ns - allow t.o use the detector at 
high llmunosit.y accelerators r~r example in experiments for 
measurements of parity violat.ing electron scattering on hydrogen 
[81. 
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.Table J. 
General characteristics of mJ-85phvtomultiplier. 

f PlIotocathodf' semi*tra~sparent head*or. Sbv"s~ 
! useful diameter of 25 mm 1 
I Spect.ral sensitivity range 3OI}-600 nm .1 

Maximum spectral sensitivity 340-440 r!JJl . 
Luminous sensitivity 18 pA/lm 
Number of stages 11 
l'ube diameter 3C mm 
Maximum length' 110 RIm 

¥.a.ss SO 9 
Lifetime 2000 h 
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6
 

Fig.1. Schematic drawing of LKr/LXe scintillating calorimet.er: 
i-Mylar reflector, 2 - L¥.r /LXe 'fessel, 3 - heat.er" 4 - suppott. 
:or Mylar reflector, 5 - PMI' in iilagnetic screen, 6 - liquid 
ni t.rogen input., 7 - Kr/Xe gas input, 8 - PMr connectors, 9 
multipin metal-glass feedthroughs. 10 - PM! divider, 11 
support, 12 -plastic scintillator t 13 - fiber, 14 ~ monitoring 
photomult.iplier, 

a - LKr/LXe volume, 
b - gas jackel, 
c - liquid nit.rogen jacket., 
d - vacuum isolation 
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1 2 3
 

I.-.. ~_.~.~.' 

I 

a.
 

4 em 

Flg.2. Single calorimeter cell (a) : 1 - 00. 2 - fragmenl of 
p-terphenyle strip. 3 - Mylar pyromidal reflector; and reflect-oj 
st'uclu..-e Cb). 
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Ca) and suitable pulse spectrum (bJ. 
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Fig. 1•. l'ime-of-flight spectrum for 174.3 MeV beam energy. 



.. .. ,.

En.resolution via, transparency dependece 
(Calculations for 50% UV reflact.coef.) 

sigma/E, ~ 
4 ' 

14 

12, 

10 ~ 
8 

r.)
-..] . -----------..--..-- 1
 

"-..'-...~-,.--------.~ 2
 
8 

4 

a 
0' -, ~ ! . ----J- _ 

o 6 10 16 20 26 
. . Latt.• em 

Fig. 15 Simulated ;dependence of the energy resolution of the I,IDER 
on the LXe altenuation length for reflector buill or cells with 
one WtS-slrlp per wall piclur t09 (1) • and of cells with four 
~~strips'per wall plolurlng (2) al 348 MeV electrons. 



1.	 M. Chen e. a. Homogeneous scint.illating LKr/LXe calorimeters// 

Hue!. Inslr. and Met-h. 1993. Vol. A,327, P.187-192. 

2.	 E. Radermacher, D.Schinzel, M. Chen,!. Doke, and S. Sugimoto' 

Liquid Detectors for Precision Calorimetry// In 

"Instrument.alion in High Energy Physics, Ed. F. Sauli~'. 

S1ngapour: World Scientific Publishing C-o., 1992. P.387-512. 

3.	 A. Braem e, it. ObservatIon of t.he UV scintillation light from 

high energy elect.ron showers in liquid xenon// 

Hue!. Inslr. and Meth. 1992. Vol. A320. P.228-237. 

4.	 ;.Segulnot,G.Passardy,J.Tisc~~user and T.Ypsilan~is 

Liquid xenon ionization and scintillatlon studies for 

ACli\~-vector eleclromagnelic calorimeterI'I' 

.Hue!. Instr. and Melh. 1992. Vol. A~, P.583-6oo. 

a totally 

5.	 D. AkllJlOv e. a. Uniformity of a ~ em long cell for LXi:/LKr 

scint.illating calorimeters/) 

Hucl.lnsLr.and Meth. 1993. Vol.A333,· P.618~621. 

6.	 D. Ale.imov e. a. ,U~r scinlillat.ing calor jmet~. 

M.. Prepr Int lTEP, 1993. N en. 
7.	 N. Gorbunov e. a, MES system for expeL\. mental data. read-out and 

processing. DUbna. Preprmt JINR, 198'3; N Pl0~85-955. 

8.	 D. van Harrach e. a. Proposal A4/1-93 lo the . MAMI PAC 

""MPasUT"etIE!"nt of Pan ly Viola.ting Electron Scatter ing on 

Hydrogen", Ma1r1Z Unl V., 1993. 

.. 




