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T H E  U A 2  C E N T R A L  C A L O R I M E T E R  

U A 2  Co l l a bo r a t i o n  ( B e r n - C E R N - C o p e n h a g e n - O r s a y - P a v i a - S a c l a y )  
P r e s e n t e d  b y  A . C la rk  

CERN ,  G e n e v a ,  Sw i t ze r l a nd  

S u m m a r y  

T h e  U A 2  expe r imen t '  w a s  recen t l y  i ns ta l l ed  a t  t he  
C E R W  S u p e r  P r o t o n  Synch r o t r o n  ( S P S )  p r o t on - an t i p r o t on  
co l l i de r2 ,  to  s tudy  co l l i s ions at  a n  e n e r g y  d e 5 4 0  G e V . 

A  ma j o r  ob jec t i ve  o f  th is e xpe r imen t  is to  ident i fy  
t he  w e a k  i n t e rmed i a t e  b o s o n s  (Z',W " )  v ia  the i r  e l ec -  
t ron ic  d e c a y  modes :  

p p  +  z o  +  x 0  ; z 0  +  e + e ' 

p p  * W f +  x ?  +  
; W ' * e - v  . 

Cu r r e n t  theo re t i ca l  m o d e l s 3  p red i c t  a  p r o duc t i o n  c ross -  
sec t i on  s 3  x 1 O - 3 3  c m 2  a n d  a  l ep ton i c  f rac t ion  s 3 %  
fo r  Z", Q  8 %  fo r  W *. 

T h e  l ow  e xpec t e d  Z", W ' p r o duc t i o n  r a t e  imp l i es  
t he  n e e d  fo r  g o o d  e l ec t r on  ident i f i ca t ion  a n d  e n e r g y  
m e a s u r e m e n t  o v e r  a  max ima l  so l i d  a ng l e .  T h e  U A 2  de t ec -  
to r  is i n s t r umen t ed  o v e r  s 8 0 %  of  t he  so l i d  a n g l e  b y  
s e g m e n t e d  lead/sc in t i l l a to r  s a n dw i c h  coun te rs ,  p r ov i d -  
i n g  a  Z"  * e + e -  a c cep t a nce  of  Q , 6 3 % . A t l um inos i t i es  
L  'L  1 0 3 0  cm - 2  s-1 ,  s 0 . 1 5  even ts /h  s h o u l d  b e  de t ec t ed  
w i th  a  mass  r eso l u t i on  a t  t he  Z"  p e a k  s 1 . 5% .  

A n o t h e r  ma j o r  ob jec t i ve  o f  th is e xpe r imen t  is to  
s tudy  h i g h - pT  h a d r o n  jets. Fo r  th is r e ason ,  a n d  to  e n -  
h a n c e  e l ec t r on  ident i f icat ion,  s e g m e n t e d  i ron/sc int i l -  
l a to r  s a n dw i c h  coun t e r s  a r e  i ns ta l l ed  i n  t he  cen t ra l  
r e g i on .  

Th is  ta lk desc r i b es  t he  e l ec t r omagne t i c  a n d  h a d -  
r on i c  ca lo r imet ry  i n  t he  cen t ra l  r e g i o n  o f  t he  U A 2  
de tec to r .  

Expe r imen t a l  A p p a r a t u s  

G e n e r a l  

F i g u r e  1  is a  p l a n  v i ew  of  t he  appa r a t us .  A t t he  
cen t r e  is t he  ve r tex  de tec to r .  It cons is ts  o f  f ou r  
mu l t iw i re  p r o po r t i o na l  c h a m b e r s  ( M W P C )  w i th  c a t h o d e  
st r ip r e adou t ,  a  cy l ind r ica l  sc int i l la tor  h o d o s c o p e ,  
a n d  two  JADE - t y pe  dr i ft c hambe r s '  w i th  c h a r g e  d iv is ion  
a n d  mul t i -h i t  r e adou t .  T h e  de tec to r  is s u r r o u n d e d  b y  
1 . 5  r ad i a t i on  l e ng t hs  t ungs t en  a n d  a  fifth p r o po r t i o na l  
c h a m b e r  ( P R O P S )  to  p r o v i d e  a n  accu r a t e  pos i t i on  m e a s u r e -  
men t  o f  e .m.  showe rs .  Th is  c h a m b e r  a l l ows  imp r o v e d  h a d -  
r o n  re jec t ion ,  a n d  re j ec t i on  aga i ns t  o v e r l a p  b a c k g r o u n d  
( a  l o w - m o m e n t u m  h a d r o n  n e a r  a  IT', s imu la t i ng  a n  e l ec -  
t r on )  i n  t he  f o l l ow ing  ca lo r imete r .  

Cove r i n g  + l rap id i ty  un i ts  a b o u t  0 ,  t he  ve r tex  d e -  
tecto r  is s u r r o u n d e d  b y  e l ec t r omagne t i c  a n d  h a d r o n  
ca lo r imete rs .  

T h e  f o rwa r d  a n d  b a c k w a r d  d i r ec t i ons  ( 2 0 "  to  37.5 ' ,  
1 4 2 . 5 O  to  1 6 0 ') a r e  e a c h  i n s t r umen t ed  b y  twe lve  
t o r o i d a l -magne t  sec to rs  ( 0 . 3 8  Te r n )  a n d  assoc i a t ed  spec -  
t romet ry .  Fo l l ow i ng  e a c h  sector ,  n i n e  dr i f t c h a m b e r  
p l a n e s  a l l ow  a  m o m e n t u m  m e a s u r e m e n t  o n  c h a r g e d  t racks. 
A fter this, a  6  m m  l e a d  conve r t e r  a n d  two  p r opo r t i o na l -  
t u b e  p l a n e s  de f i n e  t he  pos i t i on  o f  e .m.  s h owe r s  i n  a  
ca lo r imete r .  

p - 6  e xpe r imen t  U A 2  

DRIFT C H A M B E R S  

F O R W A R D - B A C K W A R D  C A K I R I M E T E R  

' F ig.  1 .  P l a n  v i ew  of  t he  U A 2  de tec to r .  
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e.-tn. calorimeter: 17 mdiation lengths 

total calorimeter: 6.5 absorption lengths 

Fig. 2. Typical cell of the UA2 central 
calorimeter. 

The 12 forward and 12 backward calorimeter sectors 
are each divided into ten cells (15' in +, 3.5' in 8). 
Each cell is a lead/scintil lator sandwich in two longi- 
tudinal sect ions (24 r.1. and 6 r.1.). The light of 
each section is col lected in two phototubes via BBQ- 
doped wavelength-shift ing l ight-guides. The calorimeter 
performance is similar to that, of the central region. 

Central Calorimeter 

The lead/scintil lator electromagnetic and iron/ 
scintillator hadronic counters cover from 40' to 140° 
in polar angle, and all azimuthal angles. A spherical 
structure, the calorimeter is segmented into 240 indi- 
vidual cells ( towers) pointing to the i;p interaction 
vertex. Each cell has three longitudinal sect ions (plus 
PROP5).  In addition, the last 0.35 attenuation lengths 
are separately measured to provide a tag on late had- 
ronic showers. Each cell has an e.m. length s 17.5 r.1. 
and a hadronic length %  4 a.1. (Fig. 2). 

The light of each section is transferred via 2 mm 
thick BBQ-doped l ight-guides to a total of seven photo- 
tubes per cell (XP2008, XP2012). The scintillator is 
4 mm NE104B (e.m.), and 5 mm PMMA doped with 1% PBD, 
0.1% POPOP, and 10% naphthalene (hadron). Wavelength- 
shifting techniques' minimize the dead-space between 
adjacent cells (Table 1). In practice the polar dead- 
space is negligible except for particles of normal 
incidence. 

Table 1. Maximum separat ion between calorimeter cells 

Compartment Polar 

(d 

Azimuth 

b) 

EM 4.6 (light guide) 1 (Fe) + 1 mn (air) 
RADRON 1 9 (light guide) 10 (Fe) 
BADRON 2 13.6 (light guide) 10 (Fe) 

To monitor phototube stability, a xenon light- 
f lasher is associated with each azimuthal slice of ten 
cells. Light (diffused and filtered to approximate the 
light spectrum reaching the phototube) is passed via 
plastic fibres to the l ight-guide of each phototube. 
The net f lasher stability and pulse-to-pulse variations 
in light output are monitored by a box containing three 
vacuum photodiodes. The relative stability of different 
azimuthal sl ices is monitored by sending light from each 
f lash-tube to a box (J-BOX) containing a scintillator 
slab in front of three selected phototubes (XP2012). 
The stability of these phototubes is monitored by d.c. 
current measurements from 6oCo and "Sr sources. 

An identical but independent f lasher on each slice 
sends light to two scintillator plates of each e.m. com- 
partment. The same photodiodes monitor flash stability. 

Calibration Stability 

An initial calibration of each cell was made using 
10 CeV/c electrons (e.m. compartment) and 10 CeV/c 
muons (hadronic compartments). Since installation in 
November 1981, phototube gains have been monitored using 
the f lash-tube of each slice, normal ized with respect 
to the response of: 

i) vacuum photodiodes (discarded because of gain 
changes); 

ii) mean e.m. phototube response: the r.m.s. spread, 
for individual e.m. phototubes with respect to the 
mean, is +2.6X; the mean hadron response is un- 
changed with respect to the e.m. phototubes, with 
an r.m.s. spread for individual tubes of 3%; 

iii) J -BOX response: this indicates a mean change in 
e.m. light response of 0.5X, with an r.m.s. spread 
of 2%. 
A mean change of < 1% (r.m.8. of Q  0.6%) has been 

measured in e.m. response, from periodic 6oCo d.c. cur-  
rent measurements on each cell. In the extreme forward 
(proton) direction, the mean change reaches 1.7X, sug- 
gesting minor radiation damage. 

The stability of the phototubes, between their 
initial calibration and installation at the Fp collider, 
is being analysed. 
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Electron Response Measurements 

In addition to the calibration of each e.m. cell 
with 10 CeV/c electrons, data were collected between 1 
and 70 GeV/c for all 5 e.m. cell types. Figure 3 illu- 
strates the nomenclature of this section. 

Response Linearity and Resolution 

Figure 4 shows the normalized light response to 
electrons of between 1 CeV/c and 70 GeV/c passing 
through the centre of an e.m. cell. Fol lowing a non- 
linearity correction 0.977 cl.0 + 0.01 In (E+l)), the 
light response can be estimated to <, *l%. Figure 5 
shows the variation of U/v'?? (0.14) with electron momen- 
tum. The beam momentum spread (s 1%) has not been sub- 
tracted. In each figure, error bars represent the 
r.m.6. spread of alZ measurements on all cell types. 

Fig. 3. Nomenclature used in following section. 
0 and x are measured with respect to the centre 
of the cell I. 
BBQS = light response of small BBQ 
BBQL = light response of large BBQ 
BBQsL = JBBQs-BBQL 

Fig. 5. Resolution of light response BBQSL, as 
a function of incident electron energy. (0) 
show data collected with tungsten converter 
90 cm from the e.m. calorimeter. (0) show data 
collected with tungsten converter in final UA2 
position. 

Response Variation with Position (Normal Incidence) 

Spatial scans were made for several examples of 
each cell type. The r.m.s. spread of measurements in 
different examples of the same cell type is < +l%. 
Figure 6 shows the uncorrected response for cell 2 (the 
second smallest) as a function of position. Similar 
variations exist in other cell types. Figure 7 shows 
the same data after correction according as: 

BBQ(corr) = BBQ(raw)*exp (corr) 

corr = ( A1.x + A2.x2 + A3.x3) 
+(Bl + B2.x + B3.x2 
+(cl + c2.x + c3.x* ;I:I 2 . 

Constants Air Bi, Ci have been determined for each BBQ 
of the five cell types. Data from muons provide a con- 
sistent parametrization. For beam impacts > 5 mm from 
a cell interface, the r.m.s. spread of corrected light 
response for individual measurements of a cell type is 
< 1.1%. The resolution affi is unaffected. The ratio 
BBQR - BBQ,/BBQL provides a measure of the beam impact 
position in the cell (0 < 5 mm). However, because of 
differing light collection efficiencies for BBQS and 
BBQL, a variation of light response exists along each 
BBQR contour. For that small class of e.m. showers 
having no associated track or PROP5 signal, this varia- 
tion defines the effective resolution of the e.m. 
calorimeter. 

Response Near a Cell Interface (Normal Incidence)' 

The azimuthal separation between two cells is small, 
and a maximum response correction of 10% is required 
within -+2 mn of the cell interface. Few normal- incidence 
electrons pass through the BBQ (smeared Ep vertex). At 

Fig. 4. Deviation from linearity of the light the BBQ interface, 2, 20% of electrons are within 3 st. 
response BBQSL as a function of incident elec- dev. of the peak, and o/E 2 0.25/&. The light response 
tron energy. The super imposed curve is 
a [l+O.Olln (E+l)]. 

of remaining events is distributed bela, the peak 
(longitudinal escape and eerenkov light). 
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Fig. 6. Variation of light response BBQSL with 
position, in cell type 2 of the e.m. calorimeter. 

The UA2 calorimeter is short (4 a.1.). so significant 
longitudinal escape is expected. However,  h:gh-energy 
hadron jets should be better contained since their be: 
haviour is similar to that of a single particle inter- 
acting at the calorimeter entrance. Data exist both 
for single particles and for simulated jets. 

Event Selection 

To ensure good energy containment, cuts were ap- 
plied: E(hadron section Z)/E(calorimeter) < O.B,'and 

E(e.m.) 2 1 GeV or E(hadron section 1) 2 1.5 GeV. 
The resultant event efficiency is shown in Fig. 8. 

. 0 .OOll degrees 
0 @  .2601 ,, 

a@;.&676 . 0 .646L ” 

09259 -LO -20 0 20 LO 
x (mm) 

Fig. 7. Data of Fig. 6, after correct ion for 
the position of beam impact in calorimeter. 

Non-Normal Beam Impact 

At the pi; collider, the interaction vertex is 
smeared along the beam direction with u s 10 cm, and 
data were collected to simulate vert ices in the range 
-20 < z < 20 cm. For IzI > 2 cm, no deterioration of 
the efficiency or resolution is measured near the BBQ 
interface, and no additional response correct ions are 
required. Using the correct ion formulae above, the 
average response at each vertex position changes by 
< 1.4% with respect to normal incidence. The r.m.6. 
spread of individual measurements is < *1X for each 
cell type. 

I 
Q  Q 

Q 
Q 

0.9 
+ + i 

+ 
+ + 

o Jet trigger 

. Single trigger 
I 

Beam energy (Gel/) 

Fig. 8. Efficiency of detection in hadron 
calorimeter as a function of incident IT- energy. 
Applied cuts are descr ibed in text. 

0.16, 

Beam energy (GeV) 

Fig. 9. Deviation from linearity of the light 
response BBQSL as a function of incident TI- 
energy. 

Light Response 

A fit was made to normal- incidence JET and SINGLE 
data to find parameters, relating the response of each 
compartment, that optimize the response linearity 
(Fig. 9). The resultant resolution is shown in Fig. 10. 

Response Uniformity 

The above l ight-response analysis used available 
data in the median plane of each cell ($ " O),  with 
linear attenuation corrections. The resultant response 

Hadron Response Measurements was uniform to < +4X for each cell type. For normal- 
incidence data near a BBO interface. the acceptance is 

Data have been collected at x- momenta of 1 to reduced for SINGLE triggers, but not for JET tr iggers 
70 GeV/c and v+ momenta of 1 and 2 GeV/c. Preliminary (Fig. 11). The resolution is not significantly affected, 
results are shown for IT' data of momenta above 6 &V/c. as shown in Fig. 12. 
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Fig. 10. Resolution of light response BBQSL as 
a function of incident TT- energy. 
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Fig. 11. Variation of 71- acceptance across 
cell interface of the central calorimeter. 
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Fig. 12. Variation of IT- resolution across 
cell interface of central calorimeter. 

Non-Normal Incidence 

Data collected at an effective vertex position of 
k10.4 cm shows an average change in light response of 
< +1x. The resolution is unchanged. The variation in 
aperture across a BBQ interface is reduced to < f5X for 
SINGLE triggers. 
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