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Purpose of the Forward Calorimeter (LGD)

• Detect and measure photon from the decays of mesons, e. g.:

• Provide an energy sum for the level-one trigger
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Abstract

Phototubes associated with a Cherenkov counter, with a wall of scintillation counters for time-of-flight measurements
and with a wall of lead glass blocks of an electro-magnetic calorimeter will operate in the fringe field of a
superconducting solenoid in the GlueX experiment. The solenoid will be operated with a central magnetic field of
! 2:5T: The maximum fringe field in the vicinity of the phototubes will be approximately 150G: Various techniques for
magnetic shielding of phototubes were studied using a 1-m diameter Helmholtz coil arrangement operated with a
maximum central field of 200G: Results are presented.
r 2004 Elsevier B.V. All rights reserved.
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1. Introduction

1.1. The GlueX experiment

The goal of the GlueX/Hall D [1] project at
Jefferson Lab (JLab) is to map the spectrum of
gluonic excitations starting with exotic hybrid

mesons—mesons with JPC quantum numbers that
are not possible for a simple q !q bound state.
Knowledge of the spectrum of gluonic excitations
is necessary for a quantitative understanding of
confinement in quantum chromodynamics.
Although some tantalizing hints of exotic mesons
exist, extensive searches with p and K have not
yielded solid evidence of exotic hybrids. Photons
are expected to be particularly effective at produ-
cing exotic mesons.
The GlueX detector, shown in Fig. 1, will use a

beam of 9GeV linearly polarized photons pro-
duced via coherent bremsstrahlung from 12GeV
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Abstract 

A 3045 element lead glass calorimeter and an associated fast trigger processor have been constructed, tested and 

implemented in BNL experiment E852 in conjunction with the multi-particle spectrometer (MPS). Approximately, 10” 

all-neutral and neutral plus charged triggers were recorded with this apparatus during data runs in 1994 and 1995. This 

paper reports on the construction, testing and performance of this lead glass calorimeter and the associated trigger 

processor. 
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1. Introduction 

Brookhaven AGS experiment E852, a search for me- 

sons with unusual quantum numbers, used the multi- 

particle spectrometer (MPS) [l] with several major addi- 

tions. Fig. 1 shows the experimental layout including 

these upgrades, In the target region the upgrades in- 

cluded a cesium iodide barrel [?I to provide a soft 

* Corresponding author. Tel.: + 1 812 855 3881; fax: + 1 81 

844 0440; e-mail: brabson@indiana.edu 

photon veto and a 4 layer cylindrical drift/proportional 

chamber for charged particle tracking and triggering [3]. 

In the downstream region behind the MPS magnet, 

a new 3.5m x 2.5m drift chamber and the 3045 element 

lead glass detector (LGD) were added. Between the target 

and the LGD we added a charged particle veto wall used 

in all-neutral triggers, and a picture frame lead-scinti- 

llator sandwich countersystem to veto photons outside of 

the region of the lead glass detector. 

The experiment was designed to run several triggers 

simultaneously, including all-neutral and all-charged 

triggers. as well as triggers with both charged and neutral 

016%9002/97/$17.00 Copyright ,(T: 1997 Elsevier Science B.V. All rights reserved 

PII SO165-9002(97)00101-0 

ELSEVIER 

Nuclear Instruments and Methods in Physics Research A 387 (1997) 377-394 
NUCLEAR 

INSTRUMENTS 

81 METHODS 

IN PHYSICS 

RESEARCH 
SectKJn A 

A 3000 element lead-glass electromagnetic calorimeter 

R.R. Crittenden”, A.R. Dzierba”, J. Gunter”, R. Lindenbusch”, D.R. Rusta, E. Scotta, 

P.T. Smith”, T. Sulanke”, S. Teige”, B.B. Brabsona**, T. Adamsb, J.M. Bishopb, 

N.M. Casonb, J.M. LoSeccob, J.J. Manakb, A.H. Sanjarib, W.D. Shephardb, D.L. Steinikeb, 

S.A. Taegarb, D.R. Thompsonb, S.U. Chung”, R.W. Hackenburg”, C. Olchanski”, 

D.P. Weygand”, H.J. Willutzki”, S. Denisov d, A. Dushkind, V. Kochetkovd, V. Lipaevd, 

A. Popovd, I. Sheind, A. Soldatovd, Z. Bar-Yam”, J.P. Cummings”, J.P. Dowd”, P. Eugenio”, 

M. Hayek”, W. Kerne, E. King’, E.V. Anoshinaf, V.A. Bodyaginf, A.I. Demianovf, 

A.M. Gribushinf, O.L. Kodolovaf, V.L. Korotkikhf, M.A. Kostinf, A.I. Ostrovidovf, 

L.I. Sarycheva’, N.B. Sinevf, I.N. Vardanyan’, A.A. Yershovf, D.S. Browng, T.K. Pedlarg, 

K.K. Sethg, J. Wiseg, D. Zhaog, G.S. Adamsh, J. Napolitanoh, M. Nozarh, J.A. Smithh, 

M. Witkowskih 

A Department of Physics, Indiana CJnirersi~*, Bloomington, IN 47405, US4 

b Department of  Physics. lJnicersi[v of Notre Dame. Notre Dante. IN 46556. US4 

‘Department qf‘ Physics, Brookharen National Laboratoq, Upton, L.I., NY 11973, USA 

d Institute jtir High Enerp Physics. Protrino, Russian Federation 

e Department of Physics, UniuersiQ oj Massachusetts Dartmouth. North Dartmouth, M,4 02747. US.4 

‘Institute jbr Nuclear Physics. Moscow State University, MOSCOM,. Russian Federation 

g Department of Physics, Northwsestern Unioersity Evanston, IL 60208, USA 

h Department qj’ Physics. Rensselaer PoLlstechnic Institute. Troy, NY 12180. USA 

Received 1 July 1996: revised form received 29 September 1996 

Abstract 

A 3045 element lead glass calorimeter and an associated fast trigger processor have been constructed, tested and 

implemented in BNL experiment E852 in conjunction with the multi-particle spectrometer (MPS). Approximately, 10” 

all-neutral and neutral plus charged triggers were recorded with this apparatus during data runs in 1994 and 1995. This 

paper reports on the construction, testing and performance of this lead glass calorimeter and the associated trigger 

processor. 

&words: Calorimeter; Lead glass: Trigger processor 

1. Introduction 

Brookhaven AGS experiment E852, a search for me- 

sons with unusual quantum numbers, used the multi- 

particle spectrometer (MPS) [l] with several major addi- 

tions. Fig. 1 shows the experimental layout including 

these upgrades, In the target region the upgrades in- 

cluded a cesium iodide barrel [?I to provide a soft 

* Corresponding author. Tel.: + 1 812 855 3881; fax: + 1 81 

844 0440; e-mail: brabson@indiana.edu 

photon veto and a 4 layer cylindrical drift/proportional 

chamber for charged particle tracking and triggering [3]. 

In the downstream region behind the MPS magnet, 

a new 3.5m x 2.5m drift chamber and the 3045 element 

lead glass detector (LGD) were added. Between the target 

and the LGD we added a charged particle veto wall used 

in all-neutral triggers, and a picture frame lead-scinti- 

llator sandwich countersystem to veto photons outside of 

the region of the lead glass detector. 

The experiment was designed to run several triggers 

simultaneously, including all-neutral and all-charged 

triggers. as well as triggers with both charged and neutral 

016%9002/97/$17.00 Copyright ,(T: 1997 Elsevier Science B.V. All rights reserved 

PII SO165-9002(97)00101-0 

Nucl ear I nst r ument s and Met hods i n Physi cs Resear ch A332 ( 1993) 419- 443

Nor t h-Hol l and

Ast udy of t wo pr ot ot ype l ead gl ass el ect r omagnet i c cal or i met er s

B. B. Br abson, R. R. Cr i t t enden, A. R. Dzi er ba, T. Foxf or d, J . Gunt er , R. Li ndenbusch,
P. T. Smi t h, E. Scot t , T. Sul anke, S. Tei ge and Z. Zi l i ak
Depar t ment of Physi cs, I ndi ana Uni ver si t y, Bl oomi ngt on, I N47405, USA

S. U. Chung, C. 01chanski , D. P. Weygand and H. J . Wi l l ut zki
Br ookhaven Nat i onal Labor at or y, Upt on, L. I . , NY11973, USA

A. Sol dat ov, A. Dushki n, I . Shei n, V. Kochet kov and S. Deni sov
I nst i t ut e f or Hi gh Ener gy Physi cs, Pr ot vi no, Russi an Feder at i on

C. L. Davi s
Depar t ment of Physi cs, Uni ver si t y of Loui svi l l e, Loui svi l l e, KY40292, USA

Z. Bar - Yam, J. P. Dowd and W. Ker n
Uni ver si t y of Massachuset t s Dar t mout h, Nor t h Dar t mout h, MA02747, USA

NUCLEAR

I NSTRUMENTS
METHODS

I N PHYSI CS
RESEARCH

Sect i onA

L. I . Bel zer , V. A. Bodyagi n, A. I . Demi anov, A. M. Gr i bushi n, V. L. Kor ot ki ch, N. A. Kr ugl ov,
A. I . Ost r ovi dov, A. S. Pr oskur yakov, L. I . Sar ycheva and N. B. Si nev
I nst i t ut e f or Nucl ear Physi cs, MoscowSt at e Uni ver si t y, Moscow, Russi an Feder at i on

T. Adams, J. M. Bi shop, R. D. Cady, N. M. Cason, J . M. LoSecco, J . J . Manak, W. D. Shephar d,
D. L. St i eni ke, S. A. Taegar and D. R. Thompson
Uni ver si t y of Not r e Dame, Not r e Dame, I N46556, USA

Recei ved 11 Febr uar y 1993

Two pr ot ot ype l ead gl ass cal or i met er s have been const r uct ed and t est ed at t he AGSat Br ookhaven Nat i onal Lab. The f i r st i s a

25- el ement pr ot ot ype ( Pl ) whi ch was t est ed i n t he A2 beaml i ne usi ng el ect r ons and pi ons r angi ng i n ener gy f r om0. 5 t o 5. 0 GeV.

Resul t s wer e obt ai ned on ener gy r esol ut i on, t he ef f ect on ener gy r esol ut i on of pr e- r adi at or s and non- normal i nci dence, and on
e/ -; r separ at i on . The second pr ot ot ype ( P2) has 319 el ement s and was t est ed i n t he A3 beaml i ne usi ng 3. 0 and 5. 0 GeVel ect r ons

and 15. 0 GeVnegat i ve pi ons. Resul t s wer e obt ai ned on posi t i on r esol ut i on and ef f ect i ve mass r esol ut i on . Dat a wer e col l ect ed

r equi r i ng mul t i - phot on si gnat ur es i n t he cal or i met er . The desi gn, const r uct i on, moni t or i ng, r eadout el ect r oni cs ( i ncl udi ng a

cust om- bui l t f ast - encodi ng ADCsyst em) and t est i ng of t he pr ot ot ypes ar e descr i bed. These cal or i met er s ar e pr ot ot ypes f or a

3053- el ement l ead gl ass cal or i met er bei ng bui l t f or Br ookhaven Exper i ment 852: a sear ch f or mesons wi t h unusual quant um

number s. Qual i t y cont r ol pr ocedur es ar e al so di scussed.

1. I nt r oduct i on

Lead gl ass cal or i met er s have been used f or many

year s, and cont i nue t o be used, i n hi gh ener gy physi cs

r esear ch i n bot h f i xed- t ar get and col l i di ng- beamexper -

i ment s. ABr ookhaven LabAGSexper i ment ( E852) [ 1]

i s cur r ent l y under const r uct i on t o sear ch f or mesons
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wi t h unusual quant umnumber s and wi l l concent r at e

on a st udy of meson st at es i n t he 1- 3 GeV/ c2 mass

r ange whi ch decay i nt o 0, 1 or 2 char ged par t i cl es pl us

phot ons, t hr ough i nt ermedi at e st at es such as - r r o - > 2y,

- - > 2y, and w- rr oy. The phot ons wi l l be det ect ed

and measur ed usi ng a 3053- el ement l ead gl ass

cal or i met er t o be i nst al l ed i n t he Mul t i par t i cl e Spec-
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Figure 2: Scatterplot of one γγ effective mass combination versus the other γγ effective mass from the
reaction π−p → 4γn. These measurements were made using the E852 lgd.
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Figure 3: left: Distribution of the π0π0 effective mass in the E852 reaction π−p → π0π0n. right: Distribution
of the ηπ0 effective mass in the E852 reaction π−p → ηπ0n.

Figure ?? shows the ηπ+π− and ηπ0π0 effective mass distributions where well known meson states are clearly
observed. The ηπ0π0 system requires the reconstruction of six-photons in the lgd. Other analyses involving
photons and charged particles have also been published including a study of the a0(980) in the ηπ+π− and
ηπ0 spectra [?] and a partial wave analyses of the ηπ+π− [?], ωη [?], ωπ− [?] and ηπ+π−π− [?] systems.

0.3 The Radphi experience

The radphi detector is shown schematically in Fig. ??. This detector was operated downstream of the
CLAS detector in Hall B. The beam was incident on a 2.66-cm diameter, 2.54-cm long beryllium target.

3
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a picture frame consisting of four box shaped sections

was placed after the second PWC. This detector in

conjunction with four scintillators allowed for rejec-

tion of downstream wide-angle photons that fell out-

side the acceptance of the LGD.

The trigger for the reaction π−p → ωπ−p, ω →
π+π−π0, π0 → γ γ required three forward-going

charged particles, as well as one large angle charged

recoil (i.e., the final state proton) in TCYL. A total of

265 million such triggers were recorded during the

1995 running period of E852. Photons from π0 →
γ γ were detected in the LGD. After requiring charge

and energy–momentum conservation in addition to

topological and fiducial cuts, 8.2 million events of

the type π+π−π−γ γ and a missing mass around

the mass of the proton remained. A 2 constraint

kinematical fit, requiring a proton recoil at the main

vertex and a π0 from the 2γ ’s, with a confidence level

(c.l.) > 5%, resulted in 1.2 million π+π−π0π−p
events. An additional kinematical constraint requiring

the π+π−π0 mass to be consistent with the ω mass

was imposed. Events with a c.l. > 5% were selected,

resulting in a final sample of 224 thousand ωπ−p

exclusive events which were then subjected to more

detailed analysis.

Fig. 1 shows the π+π−π0 invariantmass spectrum.

There are two entries per event, corresponding to

the two neutral three pion combinations. The hatched

region corresponds to a cut around the ω peak, defined

as 0.760 < m(π+π−π0) < 0.845 GeV/c2, which
dominates the spectrum. There is also a significant

number of events in the region of the a1(1260) and

the a2(1320).
The π+π−π0π− effective mass spectrum is shown

in Fig. 2, before (un-hatched) and after (hatched) the ω
selection. The 4π spectrum shows two distinct peaks

after the ω cut, one around the b1(1235) mass, and

one at the ρ3(1690) mass. As seen in Fig. 1, there
is a significant, approximately linearly increasing

background under the ω peak. Its magnitude is on the

order of 25%, and it arises mainly from the a1/a2
resonances, which also decay to 3π . This is confirmed

from the PWA results discussed in Section 3.

The distribution of four-momentum transfer squar-

ed,−t , is shown in Fig. 3. For the PWA only data with

0.1 < −t < 1.5 (GeV)2 were used. In this region, the
−t distribution was fitted to a function of the form

f (t) = P1e
P2t + P3e

P4t , with the coefficients P1 =

Fig. 1. Invariant mass spectrum for π+π−π0.

Fig. 2. Invariant mass spectrum for π+π−π0π− (un-hatched) and

the ωπ− (hatched) combinations.

9.9± 0.01 and P3 = 7.7± 0.10, and the slope values
P2 = 4.5 ± 0.052 (GeV2)−1 and P4 = 1.7 ± 0.070

(GeV2)−1.
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Between −1.5 (GeV/c)2 and −0.1 (GeV/c)2 the

t-distribution can be fitted to the function f (t) ∝ eb|t |
with b = −4.36, consistent with peripheral production
of mesons. This range in t was chosen because the de-

tector has low acceptance at t near zero, and a change

in slope below −1.0 (GeV/c)2 may indicate a new
production mechanism (see Fig. 3(b)). The PWA was

Fig. 2. π−π+η mass distribution before (unhatched) and after

(hatched) rejecting events that contain η′(958) → π−π+η. Note

that there are two entries for each event.

performed on the data set shown as the hatched his-

tograms in Fig. 3.

3. Partial wave analysis

3.1. PWA—description of the method

Since there are many wide and overlapping states

with different JPC that contribute to the 3πη final

state in the mass range of interest, the extraction of

these states is facilitated by performing a partial wave

analysis, where not only the mass, but also the angular

distributions are taken into account.

In the PWA program [17] the isobar model [18]

is used to describe the decay of each event. In this

model the X− system decays into the 3πη final state

via successive two-body decays, which can occur via

two paths

X− → I1 + B1,

I1 → I2 + B2,

(1)I2 → B3 + B4,

X− → I1 + I2,

(2)I1,2 → B1,3 + B2,4.

The decay products are classified into two categories,

isobars (In), which themselves decay further, and

Fig. 3. (a) 3πη mass for the final data set. (b) Four momentum transfer distribution for the final data set. The distribution is fitted to the function

f (t) ∝ eb|t | . The hatched distributions indicate events that are passed to the PWA.
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In the radphi geometry many of the showers are far from normal incidence and so the shower depth
fluctuations of roughly one radiation length also contribute to the centroid position resolution along one of
the spatial axes. This was taken into account in the analysis by projecting one radiation length from along
the shower axis onto the transverse plane and adding it in quadrature to the base term in Eq. ??. The final
values for all parameters were determined by simultaneous analysis of the η and π0 data where all of the
above effects are included for both.
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Radphi Detector

Figure 6: The radphi detector.

Figure 7: Invariant mass distribution of π0 → 2γ (left) and η → 2γ (right). The parameters shown are the
height (P1), mean (P2) and sigma (P3) of the Gaussian peak fitted to the data over a polynomial background
described by parameters P4-P6.

0.3.2 Estimating the GlueX π0 and η mass resolutions

The experience with the E852 and radphi detectors allows us to reasonably interpolate to expected GlueX

performance. Based on the discussion above and that of reference [?] we assume the energy resolution given
by:
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•  Located in tagged photon beam in Hall B
•  Photon beam energy: 3 to 5.4 GeV
•  Took data in 2000
•  LGD located 1 m from 1 m diameter LGD
•  Experience invaluable for GlueX
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•  Ultimate goal:
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the spatial axes. This was taken into account in the analysis by projecting one radiation length from along
the shower axis onto the transverse plane and adding it in quadrature to the base term in Eq. ??. The final
values for all parameters were determined by simultaneous analysis of the η and π0 data where all of the
above effects are included for both.
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height (P1), mean (P2) and sigma (P3) of the Gaussian peak fitted to the data over a polynomial background
described by parameters P4-P6.

0.3.2 Estimating the GlueX π0 and η mass resolutions

The experience with the E852 and radphi detectors allows us to reasonably interpolate to expected GlueX

performance. Based on the discussion above and that of reference [?] we assume the energy resolution given
by:
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Understanding LGD Resolution
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Electromagnetic Backgrounds

Characteristics of unbiased flux observed in individual
blocks in the LGD as a function of distance from the beam.  The points
are derived from data and the histograms from a Monte Carlo simulation
of the electromagnetic background coming from the beam and target.

from RADPHI



Assessing Lead Glass for GlueX
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Fi g. 1 . Measur ement of t he t r ansmi ssi on of 44 bl ocks al ong

t he 4 cmt r ansver se di mensi on. The measur ement s wer e made
wi t h a Shi mazu spect r ophot omet er [ 4] . No at t empt was made

t o cor r ect f or r ef l ect i ons f r omt he gl ass sur f aces .

t op cap

movabl e st age

wi t h f our

pneumat i cal l y- dr i ven

sensor s ( not shown)

whi ch push up

agai nst t he gl ass bl ock
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under base pl at e
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Fi g. 2. Aschemat i c of t he bl ock measur i ng appar at us t o check
t he t ol er ance of t he t r ansver se di mensi ons of t he l ead gl ass

bl ocks and t o al so measur e t aper .
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Fi g. 3. The di st r i but i on of t hi ckness measur ement s ( expr essed

i n devi at i ons f r om 4. 0 cm) f or a sampl e of 3200 l ead gl ass
bl ocks . The Gaussi an f i t yi el ds a mean of 6. 8 wi n and a Qof

24. 0 Wi n.

( t ypi cal l y 17) al ong t he bl ock t o make a measur ement .

The st age i s l i nked t o gui de r ods [ 5] whi ch conver t t he

r ot at i on of t he r ods i nt o ver t i cal mot i on of t he st age.

The gui de r ods ar e t ur ned by a st eppi ng mot or . Ri di ng

on t he measur i ng st age ar e f our pneumat i c pr obes [ 6] ,

oper at ed at 20 psi , whi ch measur e t he di st ance be-

t ween t he edge of t he bl ock and t he pr obe zer o poi nt .

The bl ock measur er was cal i br at ed and t he t emper a-

t ur e ef f ect s st udi ed . At const ant t emper at ur e ( ± 10°C)

t he t hi ckness measur ement s ar e r epr oduci bl e t o
± 1 . 5 wi n.

Abl ock t o be measur ed has a bar - code l abel at -

t ached t o one end of t he bl ock . The l abel i s r ead by a
wand and t he bar i dent i f i er and subsequent measur e-
ment s ar e l ogged by comput er . The measur i ng pass
st ar t s by measur i ng t he al umi numbase whi ch hol ds t he

bl ock, f ol l owed by a measur ement of t he cap whi ch

hol ds t he t op end of t he bl ock. Fol l owi ng t hi s t he st age
moves down t he bl ock . At each poi nt of measur ement
t he st age st ops, t he pr obes push up agai nst t he bl ocks
and t hen ar e r et r act ed. At ypi cal measur ement , i ncl ud-

i ng r eadi ng t he bar code and i nser t i ng t he bl ock, t akes

about 5 mi n. The devi at i ons f r om 4. 0 cm f or 3200

bl ocks i s shown i n f i g. 3. A Gaussi an f i t yi el ds an
aver age devi at i on of 6. 8 wi n and a o, of 33. 7 l t m. I f a
+75 wi n cut i s i mposed on t he t hi ckness t ol er ance,

95%of t he bl ocks ar e accept ed . Ameasur ement of t he
t aper of t he bl ocks was al so made. The di st r i but i on of
t aper measur ement s, expr essed i n uni t s of mi cr ons per
cmof bl ock l engt h, yi el ds a Gaussi an di st r i but i on wi t h
a aver age of 0. 02 Lm/ cmand a o- of 0. 3 Lm/ cm.

Spectrophotometer

Each block used in E852/RADPHI 
is examined for damage and 
transmission measured at 410 nm.
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Radiation Damage

The effect of radiation damage on the 
central part of the detector. The
last point shows the gain after an 
adjustment of the phototube high voltage.

(typically a factor of two change). The difference between the shift in the pulser response and that seen in
the gain constants from the calibration can be qualitatively understood by noting that the laser illuminates
the front of the block and thus measures the transmission of the entire block, while the showers seen in the
calibration data create Cerenkov light throughout the volume of the block, and are therefore less sensitive to
attenuation effects in the upstream region of the block. The radiation damage is now know, from measure-
ments, to be within11 cm of the front surface of the detector, and this was confirmed by visual inspection,
in qualitative agreement with the difference between the laser monitor data and the calibration data.

Figure 11: The effect of radiation damage on the central part of the detector. The last point shows the gain
after an adjustment of the pmt high voltage.

0.5.1 Heat curing of damaged blocks

As part of the program to assess the glass used in E852 and radphi for use in GlueX a spectrophotometer
(Shimadzu UV-160) was modified to allow a lead glass bar to be automatically moved along its long axis to
measure transmission through the 4 cm thickness. Based on the transmission dependence on wavelength, the
transmission of the bar as a function of length was measured at 410 nm. Figure ?? shows the dependence
of transmission as a function of length along the block for a block that visibly shows radiation damage.
An alternative to UV curing, heating blocks in an oven has also been studied. The plot also shows the
transmission curve for the same block after heating the block for several hours in an oven at 260 ◦C.

0.6 Assessing lead glass blocks and PMT’s

0.6.1 Lead glass block evaluation

Some of the lead glass blocks used in the E852 experiment were used in the radphi experiment. All of
the blocks are being examined for mechanical and radiation damage – the latter bring assessed using the
spectrophotometer described above.
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from RADPHI
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Figure 12: The effect of heat curing.

0.6.2 PMT evaluation

The pmt’s available for GlueX were used in E852 starting in 1994. There is some concern about the aging
of the pmt’s so a program of testing the 3200 pmt’s (including spares) has already started. A similar process
was used prior to constructing the E852 LGD for rating pmt’s and is described in reference [?]. For the
current test a light-tight box will accommodate 25 pmt’s at a time. The tubes will view a diffusing plate
that is illuminated by two blues led’s than will be pulsed. Under computer control the gain as a function of
high-voltage will be recorded and random noise and correlated noise rate will be measured. The correlated
noise rate will be measured within a fixed gate delayed by a few hundred nanoseconds after the led’s are
pulsed. Preliminary measurements with a random selection of pmt’s indicate that the pmt’s performance
has not degraded.

0.7 Other issues

0.7.1 Electromagnetic rates in the LGD

The radphi experience has forced us to deal with the issue of high rates in the central part of the detector
and also how to use geant to estimate those rates. Those studies are currently underway for the GlueX

arrangement. We are also exploring the option of using another medium in the central region of the lgd,
such a radiation hard lead glass, lead tungstate or another material. This will of course impact on shower
reconstruction – especially for those showers that cross the boundary between media. Another option under
investigation is to place a thin sheet of lead in front of the lgd blocks in danger to damage. The impact
this has on resolution is also being studied.
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PMT Issues:

•  Concern
FEU-84-3 PMT’s obtained from Russia in 1993 - there is some concern

about aging - in particular loss of vacuum.
•  Tests

All the PMT’s used in E852 will be tested under computer control:
(1) plateau curve;  (2) correlated noise;  (3) dark noise

•  Fall-back
Unused FEU-84-3 PMT’s are available in Russia - they were manufactured

in early 90’s.  Or we can purchased new FEU-115M PMT’s - slightly
smaller diameter photocathode - requires slightly different socket.



Assessing PMT’s for GlueX

PMT’s used in E852/RADPHI will be 
evaluated:

• plateau curve for each PMT
• random noise
• correlated noise
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1900 V, f or a sampl e of 1000 phot ot ubes . Af i t t o a Gaussi an

di st r i but i on yi el ds a mean of 21%and a v of 3%.

For measur i ng t he r el at i ve quant umef f i ci enci es of
t he f i nal sampl e of phot ot ubes, a f our - st age t est st at i on

was const r uct ed, based on t he desi gn of t he i ni t i al t est

st at i on. The phot ot ube under t est i s l abel ed wi t h a bar

code, r ead by t he comput er and pl aced i n one of t he

f our st at i ons each of whi ch i s al so i dent i f i ed wi t h a bar

code and r ead out . When al l f our t est phot ot ubes ar e
i n pl ace, t he l i ght - t i ght box i s cl osed and t he quant um
ef f i ci ency and noi se r at es measur ed. The noi se r at e

measur ement s ar e descr i bed bel ow. The di st r i but i on i n

absol ut e quant umef f i ci ency, obt ai ned f r om t hese r e-

sul t s and normal i zi ng usi ng t he r ef er ence phot ot ubes
di scussed above, at an oper at i ng hi gh vol t age of 1900

V, i s shown i n f i g. 6. The di st r i but i on i s Gaussi an wi t h

a mean of 21%and a o, equal t o 3%.

2. 2. 3. Noi se r at es

Two noi se r at es wer e measur ed, t he r andomnoi se

r at e and t he noi se associ at ed wi t h a r eal si gnal pul se

( af t er pul si ng or cor r el at ed noi se) . The r andom noi se
r at e was def i ned t o be t he r at e of pul ses over 0. 7 mV
i n t he phot ot ube under t est not i n coi nci dence wi t h a
pul se over 100mVi n t he t r i gger phot ot ube. Cor r el at ed
noi se was def i ned as t he pr obabi l i t y of a pul se over 0. 7
mV i n t he t est phot ot ube occur r i ng wi t hi n some var i -
abl e t i me af t er a t r i gger pul se i n t he t r i gger phot ot ube.
The same appar at us was used f or t hese measur ement s

as f or t he measur ement s of t he quant umef f i ci ency .

The cor r el at ed noi se was measur ed f or t he ent i r e

sampl e at a t i me 600 ns af t er a t r i gger pul se . Fi g. 7
shows t he di st r i but i on of cor r el at ed noi se r at e . The
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af t er t he t r i gger pul se, at 1900 V, f or 1000 phot ot ubes.

cor r el at ed noi se was al so measur ed as a f unct i on of t he

del ay t i me f or a t ypi cal phot ot ube . The resul t of t hi s
measur ement ( see f i g. 8) shows t hat t her e i s an expo-
nent i al decay of t hi s noi se r at e i n t i me wi t h a decay
const ant of =500 ns. Fi g. 9 shows t he di st r i but i on of
t he r andomnoi se r at e measur ement s f or t hi s sampl e of
phot ot ubes . The noi se r at es wer e measur ed at an oper -
at i ng hi gh vol t age of 1900 V.
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t he r andomnoi se r at e measur ement s f or t hi s sampl e of
phot ot ubes . The noi se r at es wer e measur ed at an oper -
at i ng hi gh vol t age of 1900 V.

Cor r el at ed Noi se Gat e Del ay [ ns]
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phot ot ube.
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2. 2. Phot ot ubes

The phot ot ubes used i n t he pr ot ot ype det ect or s and
t he LGDare FEU- 84- 3, manuf act ur ed i n Russi a. They
ar e 12 st age phot ot ubes wi t h a 3. 0 cmdi amet er SbNa-
KCs ( ant i mony- sodi um- pot assi um- cesi um) phot o-
cat hode.

2. 2. 1 . Mechani cal t est s
The out si de phot ot ube di amet er i s speci f i ed by t he

manuf act ur er as no mor e t han 3 . 4 cmand t he l engt h
( not i ncl udi ng pi ns) i s t ypi cal l y 10. 0 cm. A si mpl e
yes/ no t est checked f or phot ot ubes whi ch had t he
i ncor r ect l engt h or non- cent er ed pi ns . An al umi num
t ube was machi ned wi t h an i nner di amet er of 3. 49 cm.
The phot ot ube was i nser t ed i nt o a socket and t he
socket and phot ot ube i nser t ed i n t he al umi numt ube.
I nser t i on i s not possi bl e i f t he pi ns wer e of f - cent er .
The t op of t he phot ot ube was r equi r ed t o be at l east
f l ush wi t h, or up t o 0. 4 cm over , t he t op of t he
al umi num t ube. Of t he phot ot ubes t est ed, 83. 6%
passed, 14. 2%wer e t oo shor t , 0. 4%wer e t oo l ong and
1 . 8%had of f - cent er pi ns .

2. 2 . 2 . Quant umef f i ci ency
The measur ement of t he absol ut e quant um ef f i -

ci ency of an i ni t i al sampl e of 30 phot ot ubes suppl i ed by
t he manuf act ur er pr oceeded i n t wo st eps. Fi r st , t he
number of phot oel ect r ons emi t t edby aphot ot ube when
i l l umi nat ed by a st abl e ( but uncal i br at ed) l i ght sour ce
was det ermi ned . Thi s pr oduced a r anki ng or r el at i ve
measur ement of quant umef f i ci enci es of t he phot o-
t ubes i n t he sampl e. Second, t he normal i zat i on of
t hese r el at i ve ef f i ci enci es was det ermi ned by obt ai ni ng
an absol ut e measur ement of t he quant umef f i ci ency of
t hr ee phot ot ubes by Hamamat su I nc. usi ng a cal i br at ed
sour ce . The r esul t i ng quant umef f i ci ency, as a f unct i on
of wavel engt h, f or t he t hr ee phot ot ubes i s shown i n
f i g. 4.
To det ermi ne t he r el at i ve quant umef f i ci ency of t he

t ubes i n t he sampl e, t he r el at i ve number of phot oel ec-
t r ons emi t t ed when t he t ube was exposed t o a st abl e
l i ght sour ce was measur ed . The l i ght sour ce was a
pi ece of t ype NE110 sci nt i l l at or , 0. 5 i n . x 0. 5 i n . and 3. 0
i n . t hi ck, at t ached t o a 1 . 5 wCi 24' Ám sour ce . The
phot ot ube under t est was pl aced 2 i n . f r omt he sci nt i l -
l at or . The ef f i ci ency was det ermi ned by measur i ng t he
r at e of pul ses over a 0. 7 mV t hr eshol d normal i zed t o
t he r at e of pul ses over a 100 mV t hr eshol d i n a t r i gger
phot ot ube . The t r i gger phot ot ube was an RCA 8575
at t ached di r ect l y t o t he sci nt i l l at or . The t est set up used
i ni t i al l y i n t hese qual i t y cont r ol measur ement s i s shown
schemat i cal l y i n f i g. 5.
Wi t h a phot ocat hode t o sci nt i l l at or di st ance of 2 i n . ,

t he geomet r i c accept ance f or phot ons i s l owenough so
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Fi g. 4. The absol ut e quant umef f i ci ency of t hr ee FEU- 84- 3
phot ot ubes as measur ed by Hamamat su I nc . usi ng a cal i -
br at ed sour ce. Thr ee t ubes wer e sel ect ed, usi ng t he met hod
descr i bed i n t he t ext , as havi ng r el at i vel y hi gh, medi umand

l owr el at i ve quant umef f i ci enci es .

t hat t he mean number of phot oel ect r ons, ( n) i s r e-
l at ed t o t he ef f i ci ency, s, by Poi sson st at i st i cs :

The mean number of phot oel ect r ons used her e i s
act ual l y t he r el at i ve number of phot oel ect r ons whi ch
depends on t he quant umef f i ci ency of t he phot ot ube,
t he i nt ensi t y of t he l i ght sour ce and geomet r i c f act or s
af f ect i ng t he l i ght col l ect i on ef f i ci ency . Si nce 241Ámi s
an a emi t t er and t he a' s st op i n t he sci nt i l l at or , t he
l i ght sour ce can be expect ed t o be ext r emel y st abl e
f r ompul se t o pul se. The geomet r i c f act or s wer e hel d
const ant f r om phot ot ube t o phot ot ube by f i xi ng bot h
t he phot ocat hode t o sci nt i l l at or di st ance and t he or i en-
t at i on of t he phot ocat hode. Thus ( n) i s pr opor t i onal
t o t he quant umef f i ci ency .

Fi g. 5. The phot ot ube qual i t y cont r ol measur i ng devi ce used
i n i ni t i al measur ement s . Thi s was l at er r epl aced by a devi ce
whi ch coul d make qual i t y cont r ol measur ement s on f our pho-

t ot ubes si mul t aneousl y .

PMT Evaluation used for E852 LGD

3500 FEU-84-3 PMT’s were
evaluated for E852
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Two pr ot ot ype l ead gl ass cal or i met er s have been const r uct ed and t est ed at t he AGSat Br ookhaven Nat i onal Lab. The f i r st i s a

25- el ement pr ot ot ype ( Pl ) whi ch was t est ed i n t he A2 beaml i ne usi ng el ect r ons and pi ons r angi ng i n ener gy f r om0. 5 t o 5. 0 GeV.

Resul t s wer e obt ai ned on ener gy r esol ut i on, t he ef f ect on ener gy r esol ut i on of pr e- r adi at or s and non- normal i nci dence, and on
e/ -; r separ at i on . The second pr ot ot ype ( P2) has 319 el ement s and was t est ed i n t he A3 beaml i ne usi ng 3. 0 and 5. 0 GeVel ect r ons

and 15. 0 GeVnegat i ve pi ons. Resul t s wer e obt ai ned on posi t i on r esol ut i on and ef f ect i ve mass r esol ut i on . Dat a wer e col l ect ed

r equi r i ng mul t i - phot on si gnat ur es i n t he cal or i met er . The desi gn, const r uct i on, moni t or i ng, r eadout el ect r oni cs ( i ncl udi ng a

cust om- bui l t f ast - encodi ng ADCsyst em) and t est i ng of t he pr ot ot ypes ar e descr i bed. These cal or i met er s ar e pr ot ot ypes f or a

3053- el ement l ead gl ass cal or i met er bei ng bui l t f or Br ookhaven Exper i ment 852: a sear ch f or mesons wi t h unusual quant um

number s. Qual i t y cont r ol pr ocedur es ar e al so di scussed.

1. I nt r oduct i on

Lead gl ass cal or i met er s have been used f or many

year s, and cont i nue t o be used, i n hi gh ener gy physi cs

r esear ch i n bot h f i xed- t ar get and col l i di ng- beamexper -

i ment s. ABr ookhaven LabAGSexper i ment ( E852) [ 1]

i s cur r ent l y under const r uct i on t o sear ch f or mesons

0168- 9002/ 93/ $06. 00 ©1993 - El sevi er Sci ence Publ i sher s B. V. Al l r i ght s r eser ved

wi t h unusual quant umnumber s and wi l l concent r at e

on a st udy of meson st at es i n t he 1- 3 GeV/ c2 mass

r ange whi ch decay i nt o 0, 1 or 2 char ged par t i cl es pl us

phot ons, t hr ough i nt ermedi at e st at es such as - r r o - > 2y,

- - > 2y, and w- rr oy. The phot ons wi l l be det ect ed

and measur ed usi ng a 3053- el ement l ead gl ass

cal or i met er t o be i nst al l ed i n t he Mul t i par t i cl e Spec-



E852

RADPHI

GlueX

Three generations of Cockcroft-Walton PMT bases

Cockcroft-Walton PMT Bases

Robotics

R&D on Cockcroft-Walton Bases in progress - 100 bases of new design 
built using robotics and now undergoing long-term tests at Indiana U.



Outstanding Issues & Conclusions:

•  Monitoring
A laser-based system used in E852/RADPHI illuminates a Plexiglass sheet in front of 

glass for gain-setting and monitoring and will also be used for GlueX.
•  Magnetic shielding

A cell-wall structure used in E852/RADPHI will also be used.  Magnetic simulations 
of fringe field using TOSCA are underway.

•  Triggering issues
An energy sum trigger was used in E852/RADPHI - an effective mass trigger as well in

E852 - energy sum trigger will be used in GlueX level-one trigger.
•  E&M background rates

GEANT simulations agree with what was observed in RADPHI and are being used to 
predict rates for GlueX.  Alternate material (e.g. radiation-hard glass or 
lead-tungstate for example) for central region or shielding central region will
be explored.

•  Reconstruction software 
Has been extensively studied.


