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B Design and . construct1on of the prototype of the lead glass .
;electromagnetic calorimeter vas made._The characteristics of - thee
. detector -Were - stud1ed. The energy resolutxon of the detector in

J ithe region of electron energies of 2 - 5 GeV was found to be_;f

‘ descrlbed by expression “4

@/ E-(L2+awVE) % |

The .spaCe reeolution vas better tﬁanLG kmLeThe'deteétbr reepehge.i.’-
'.was,found to be linear within écCuracy ef our meSSuremEnts Up-"to- :
energy of 723 GeV. After complet:on of the tests the full scale”f
production of the calor1meter have been started The baS1c geomet—  ;:

ry of the calorxmeter sect1ons and schemes of thezr elenents are

presented.
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An internstional collaboration of the Fermilab experiment E781
is constfuctmg _‘ a large spectrometer SELEX for study of

proparties of charmed barions produced in the hyperon beam of the

Tevatron [11. There are decays of these barions involving neutral
pions and gamma quanta and semileptonic ¢ecays among these
physics processes [2.3]. For example these - include electroweak
decays of ground states of the charmed barioné:

‘:—'A°F*7/'° :
A pkTTT p
A; = PRI :
A"'—’E"F* C -

c-—-r Chtre .
== AK*T .

‘radiative and strong transitions:

Z:"A: 7e | Cs

/
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and semi lept.omo dqcays \nth electrons: _
L Zeewx

@ —w-eyX :

Ac “"[Ae)*'e)’" g

For measurements of characteristics of phot,ons and glaqt.rens :
produced 1r§hese processes. it has been. prqposod to mlld an
electromagnetic calorimeter based on Cherenkov comtsrs of full
abscbtion with radiators of lead glass. According a lgyout ‘of
the experiment the calorimeter will consist of three Saétims.
Tho basic geometry of the detectors are presanted in the Table 1
and schemes of their elements omﬂgurat.iors are presented on
the Fig. 1. Similation of the physical procesaes of - prodmtlon
and decays -of the charmed - barions PYTHM t4 ) ‘glves
mltiplicities arx energies of the photons produced in the. ranges
of angles covered by the pnoton detectors. Thus the first
section, Photon-I should measure photons in-the energy mt,erval
of 1 - 20 GeV ( energy in the faximum of the spectrum is sbout . 2.
- 3 GeV ) with typical photon multiplicity of .2 - 3 per event.
The second section, Photon—I-I vill register gammas with emergies -
between 2 - 50 GeV {maximum of the spectrum about 10 GeV) ﬂt,!};
multiplicity about 2. ‘The third section, Photon-I1I will measure

" photons tn very forward direction with eregies up to several

hundred GeV (maximim of the spectrum is about 20 Gev )  with




t.yplcal mltiplicity of 2. , . .
To Qet.ermtne properties of . the calorlmet,er under

corst.ruct,ion and to gain an experience of vork at the Tevatron-

) t,he prototype of the calorimeter was constmcted and irradiated

e FIrst in the electron beam of the ITEP 10 GeV accelerator and
~ then in.'the Fermilab hyperon beam during the 1901 test run. A
dasoriptlon of the prototype and ‘the results of these

| ,masurements are. present,ed in the t‘ollowinz secttons.

A PMTOT’{PE DESIQI- :

o l’he prototype was constructed as ‘a gmall elect.romaemtlo
' ";oa.‘lormtor consisting of 18 madules as shown on.the Fig. 2. The -
'.mdules vera “made as 1ndependent counters or‘ vhtch the array of

desired dimnsions was assembled. ‘rhe mm parts of t.he _module

are: a lead glass block - radiat,or ; a8 plnt.ouulttpllet( Pll) ’

'\nth nameuc shtoldmr a high voltaee dlvider
: Ihe blocks of lead glass of TF-1 type ( a radiation lemth of

254m) Iimdlmmiaﬂora.Sx&szswm '{ 18 pieces )
and '8 x 8 x 340 m (2piaces)haver‘omdmepmtotype
array. trn P's were optically coupled with the lead glass blocks

. by. mans of. an opuoal szltoonmmetoallovtochangetm
m& -

Mblodcsoftz.ﬁxlz.ﬁmm vieved by the Ars of -
| FERSA typs. mﬂthbloclmof&ﬁx&ﬁmnmvtewdwm}-uo- L

'-’”Pu's. The Pifs were selected using & stable flash of a light

| ouuttim dlod ¢ Lm) Thus amm vuu. of ‘high' voTtege- ns,-;'

‘detemamdand a P gain stability -as chicked with. ugnt o
1nterslty equtvalent toa slgnal of 10 pions trmrszm the . - N

- Ashleldim‘ around the P s

" ‘total resista\oe of the divider was~ 6.41 MOhm for’ the. m_ar
FEW-84 and .02 Dhm for the PM of FEU-110 with a tolerance of
|0.5%. 4n average divider. current. ¥as about. 160 skh under t.yploﬁ
'wormm conditions. = SRR

."amen:.m Tre 'LED. ﬂashuasdlstrlhttedtoowwm-\z
. producing pulses ‘m.h maphmdeoraaﬂqmzm 23

ns. A value of the LED smnal ws equniatmt. tomalvg;w
-~ energy depcs:tton of 10 eV ( with a vamauan from tl'a lndtﬂ.t tag

bf'ramo of 2 . GeV m used in I'l'EP t5]

“‘ AT

bleck per second. This intensity is an expected max 1 oum f‘lux al"* 3
particles through one counber during the a:pennnt.. ST
There were steel and m-mtal cylmdars fnr mt.}b‘

‘The high' voltage cuvmers were ohecked. m a test sr.am. &

A time st.abulty control of- tl‘n mdwlesm m by'mx‘;

glam 1ight: zutdes. The LED was fired by as%amuzea'

the mdnle of‘ 202). The LED sourcqtauperatm 'an mxm;_r
uthln C. 5 C at, 30 C SO 1ts lltm. out.put as, stﬂblo mmn 0»&




5 .
" scintillation counters selected the beam partﬂoles( a plastic
sointillator of a size of 5 by 5 mm was used at the entrance of
the test module ) and a gas Cherenkov counter was used to select
electron and to supress the pion triggers.

At the first step all modules were calibrated using the beam
of electrons with momentum of 4 GeV ( a momentum spread of about

1 X ). The beam was directed on the center of the module under’

calibration. The PM high voltage wvalue was tuned on to obtain
the electron signal amplitude of 170 n¥ as measured with an
~oscilloscope with an - impedance of 60 Chms. Then the counter
oﬁtputs were connected to analog-digital converters ( ADC ) with
sensitivity of 0.5 pC per count. Thus the equivalent ADC sensibi-
lity was typically 20 MeV per _an ADC count. Final calibration
coefficients were abtained during the following off-1line analysis.
From the observed distribution of energy deposition in the
modules it was found that 88 % of the detected energy of the
incident 4 GeV electron is deposited in the lead glass block when
More than 99 Z of the
absorbed energy in the calorimeter was deposited in the group of 9

the beam is directed onto its center.

_ blocks tn this case ( we did rot consider energy leakage . through
© the rear plang of the calorimeter ). A typicai amplitude spectrum
~‘as measured by the array of 9 counters is presented on the Fig. 3.
k Good uniformity of the respence was found when the electron beam
scanned different lead glass blocks ( between the points A and B
on the Fig. 2 ): deviations were vithin of 1 Z &S it is seen from
the Fig. 4 . T

Observed energy resolution in the region of electron

enebgtes cf 2 - 5 GeV can be approximated by an expression:

6

y

G'/E=(L2+47VE) z,

" where E is the electron energy in GeV. The resolution was found to
" be independent (within experimental uncertainties ) on the

position of the entrance of the incident particle into the block
as shown on the Fig. 5. ) i

‘Detector space resolution 15 determined by transversal
dimensions of the electromagnetic shower ( a shower profile ) as
well as a size of the lead glass block. To es‘;mate the shower
profile in the blocks a ratio of the amplitudes in twc blocks was
measured as a function of the coordinate of an entrance point of
the electron beam ( Fig. 6 ). An observed slope of this curve is
in agreement with a value of the Moliere radius of the TF-1 lead:
glass. These data were used to estimate the value of a space reso-
lution of the detector as 2 function of a beam position ( Fig.7 ).
A coordinate determination algorithm was used as discribed in [6].
No corrections were made for the beam spread on the block entrace
plane ( about 2 mm ) so presented values should be considered as
an upper limit. - :

Further studies of the prototype propert{es wore carried cut
in the hypercn beam of the Fermilab accelerator during the
test run. The main goals of these measutements were to study
detector .properties for higher energies up to abbutizs GeV ard to

make a final design of the detector modules taking into account
Fermilab safety requirements.
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The - prototype was mounted in the beam in the Proton Center
experimental area of the Tevatron accelerator. A beam of secondary
. particles with several moment.a between 8 and 23 GeV/c was formed
by the hyperon magnet and directed on the tested detector. This
negative beam Consisted of electrons, muons arid hadrons where the
eledtron fraction varied from 50 X at 8 GeV/c down to about 5 X at
23 GeV/c. The beam has a momentum spréad of about 15 X ( a FWHM )
which was determined by the aperture of the hyperon magnet.

A posttion and dimensions of -the beam were determined by a

. hodascope of scintillation counters and a set -of proportional
gas chambers. Only particles passing through the center the Iead
glass. block under study were accepted. _
- Typical amplitude spectra of the signals of the module of a
_ size of 8.5 by 8.5 cm are presanted for inctdent particles momenta
of 8 and 13 GeV/c in the Fig. 8. A good peak due to  incident
electrons was observed as well as a peak of a Landay type due
to noninteracting pions and muons at a low end of the spectrum
The position of the electron peak as a function ot‘l the incident
beam momentum is presented in the Fig. 9. The points coi‘responding
energy deposited by noniﬁteracting pions (~0.5 GeY ) and elec-
trons with momenta of 4 GeV/c ( ITEP data ) arve presented on
the same figure. :

is linear for electrons with momenta up to 23 GeV/c.

Thus it was found that the detector responce

'

After completion of the described tests the full scale pro-

duction of the E?81 electromagnetic calorimeter have been started

" huthors are grateful for help and useful dtscuStom to

P. Cooper, A. Dolgolenkc, T. Dubbs, S. Gerson J. Lach f.. Lands-
berg, M Moinster, A Nllov. N. Rabin, ]. Russ, L. Stutt.e S. Timm
and technical stuff of ITEP and Fermilab.
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‘. Struoture of the 781 Eloctromguetic Caloriamtar

R

" Section’  Size of Block Number . Outer Size,. Hole Stze, B N i - mam s amuu g sumun u A e v u g S N
o (mw.c o Cof Blocks (s . (mw) . g o T 1 Ik
E -Phot_qn-I - 42.5 x_._42.’5 ‘x.34(_) - B76.- 1380 x 1105 425 x 170 .
. Photon I 42.5 x 4é,5;x 340 448 2280 x 1105 510 x 535 - :
' g5x8  x30 210 : - C .

~Proton 111  397.!339~¥45¢ 284 mx 620 TBxTe
Cwelmnar) . .
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Sum of amplitudes, rel.units

0.92 4

Lead glass blocks of 4.26x425 am . L _
Sum of amplitudes of © blocks : - 1 . Border
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th. 3 An amplitude spoatm( a sunm of mlltudes in 8 ommtaxs ) ‘ _ -
" for eloctmns with emrgy of 4 GeV. :

'Ft&. 4 A mrago electrm amlxt.ude as ammuen of t.h- ho.
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Energy resolution of 12 42.5 mm blocks for
4 GeV electrons
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Fig. 6. A ratio of amplitudes in two neighbouring blecks as a

function of the beam position on the detector.

Fig. 5. Electron energy resolution at 4 Gey as a ﬂmcttqn of the
. beam position on the detector. » o . _— o -
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