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The spectrum of glueballs in pure glue 
L G T ( M orningstar, P eard on) .

Q C D  pred ict ex istence of glueballs,
bound  states of mainly  gluons. The best 
estimate for masses of glueballs comes 
from lattice gauge theory .
The lightest glueball has J PC = 0 + + and  its 

mass should  be in the range 1 .4 5 -1 .7 5
G eV .
A ccord ing to lattice inspired  mod els 

glueballs w ill mix  strongly  w ith nearby  
q q -states w ith the same J PC. The three 
states in the glueball mass range are:

• f0(1370)
• f0(15 00)
• f0(1710)

A naly sis of glueball-q q mix ing is d one 
by  F .C lose  and   A .K irk .
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Search methods

• S t a t e s  w i t h  JPC n o t  a l l o w e d f o r  n o r m a l  qq- s t a t e s ,  f o r  e x a m p l e  1 –+.
• E x t r a  s t a t e s ,  t h a t  i s  s t a t e s  t h a t  h a v e  t h e  q u a n t u m  n u m b e r s  o f  a l r e a d y  c o m p l e t e d  n o n e t s ,  

w i t h  l o w  m a s s e s  ( e x c l u d e  r a d i a l l y  e x c i t e d  n o n e t s  m e m b e r s ) .
• D e t a i l e d  s t u d y  a n d  l o o k  f o r  s t a t e s  w i t h  u n u s u a l  b r a n c h i n g  r a t i o s .
• S e a r c h  f o r  s t a t e s  p r e f e r e n t i a l l y  p r o d u c e d  i n  g l u o n  r i c h  p r o c e s s e s :  P o m e r o n -P o m e r o n

s c a t t e r i n g ,  J/ ψ d e c a y ,  p r o t o n -a n t i p r o t o n  a n n i h i l a t i o n ,  s p e c i a l  h a d r o n i c  r e a c t i o n s .
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The WA102 collaboration: 

of the f0( 1 3 7 0 ) ,  f0( 1 5 0 0 )  a n d   f0( 1 7 1 0 )  
I n ag reement w ith C ry s tal B arrel,  B E S ,   WA7 6 ,  M ark  I I I
C los e and  K irk      = > g lu eball-q q mix ing abov e 1 G eV .  
|f0( 1 7 1 0 ) 〉 x1  y1 z1 | G 〉 w ith                                                            
| f0 ( 1 5 0 0 ) 〉 =       x2 y2 z2            | S 〉 ,            res u lts  f or the f lav ou r content of  s calar mes ons  is :
| f0 ( 1 3 7 0 ) 〉 x3 y3 z3 | N 〉

(G) (S ) (N )fi 1                      fi 2                         fi 3
f0( 1 7 1 0 )     0 . 3 9  ±0 . 0 3    0 . 9 1  ±0 . 0 2    0 . 1 5  ±0 . 0 2       mG = 14 4 3 ±24  M ev ,  m N  = 13 7 7 ±20 M eV ,
f0( 1 5 0 0 )   -0 . 6 5  ±0 . 0 4    0 . 3 3  ±0 . 0 4   -0 . 7 0  ±0 . 0 7  ,      m S  = 16 7 4  ± 10 M eV .  
f0( 1 3 7 0 )   -0 . 6 9  ±0 . 0 7     0 . 1 5  ±0 . 0 1    0 . 7 0  ±0 . 0 7       s olu tion comp atible  w ith p p  central p rod u ction,  

p p  annihilations  and  J / ψ rad iativ e d ecay s .

Scalar Glueball-q q  m i x i n g  abo v e 1  GeV

2/dduuN| ,ss|S|  gg|G| 〉+≡〉〉≡〉〉≡〉 |,

π, ΓηηΓ ,ηη, ΓΚΚ,   ΓππΓ 4′
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T h e g lueb all-q q k inem atical filter ( Close,  K irk )

PT1

PT2

∆PT = PT1 -PT2

sensitive to the  resonance nature:
• R  <  0 . 1 f or und isp uted  qq states p rod uced    

b y  D P E    ( G  =  +  and  I  =  0 ) ;
• R  ≈ 0 . 2 5 f or the states w hich cannot b e     

p rod uced  b y  D P E   ( I  =  1 or G  =  –) ;
• R  ≈ 1 f or al l  g l ueb al l cand id ates.
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�ECAL1
� t o t a l  n u m b e r  o f  c h a n n e l s  – 3 2 16
� S i z e  – 4  x  2 .9  m 2

�σ ( E) /E =  5 -6 % /√E ⊗ 2 %

�ECAL2
� t o t a l  n u m b e r  o f  c h a n n e l s  – 3 4 3 6
� S i z e  – 4 .4  x  2  m 2

�σ ( E) /E =  5 -6 % /√E ⊗ 2 %

� T AR G ET ,  l i q u i d  H 2,  l  =  4 0  c m ,
2 .8 3  g /c m 2,  0 .0 4 6  X 0

� R PD
� T o t a l  n u m b e r  o f  c h a n n e l s  – 6 0
� T i m e  m e a s u r e m e n t s

� T O F  r e s o l u t i o n  – 3 5 0  p s  f o r  M I P
� S p a c e  r e s o l u t i o n  

� A-l a y e r  – 1.8  c m
� B-l a y e r  – 2 .7  c m

� Am p l i t u d e  m e a s u r e m e n t s :
� S p a c e  m e a s u r e m e n t s  b a s e d  o n  l i g h t  a t t .
� d E/d x

� M e a s u r e m e n t s  a c c u r a c y  ( P s l o w , p o s i t i o n s )  f o r
t i m e  a n d  a m p l i t u d e  a r e  c o m p a r a b l e .
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RPD
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3216 channels,
S i z e - 4  x  2. 9  m 2
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3436 channels,
S i z e – 4. 4 x  2  m 2
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Pappardelle
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Radiation hardness
of  the sandw ic h ty p e

c al orim eter 
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F ront-end electronics  for calorim etry

� F I A D C ( des ig n I H E P -T U M )

� dy nam ic rang e – 1 2  b it
� linearity  – 1 0  b it
� s am pling  rate – 2 5  M H z
� 6 4  ch annels / 9 U  V M E  
� dead tim e 1 5 0 / 4 5 0  ns
� tes ted at trig g er rate 5 0  K H z
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Simplified diagram of single channel ADC

Input signal 10 
G e V  e le c tr o n

ECAL Sampling ADC, d e s ign s t ar t e d  at  T U M

R e sh ape d  signal D igitiz e d  signal

• SHAPER
St r e t c h i n g  a n d  s m o o t h i n g  i n p u t  s i g n a l
B e i n g  o p t i m i z e d  f o r  l e a d  g l a s s  s i g n a l

• AD C
1 0 0  M Hz  s a m p l i n g  r a t e
1 0  b i t  r e s o l u t i o n

• F PG A
c o m p r e s s i n g  d a t a ,  f i t t i n g  s i g n a l
F i t  ->  Am p l i t u d e  a n d  T i m e

Ad v a n t a g e s
• i l l u m i n a t i o n  o f  l o n g  s i g n a l  c a b l e s
• v e r y  g o o d  t i m e  r e s o l u t i o n  1 -2  n s
• r e j e c t i o n  o r  c o r r e c t i o n  p i l e u p  e v e n t s • Full prototype test in summer 2003

• P rod uc tion  in   2003-2004
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S I M U L A T I O N :      hp → h X  0 p          
� ηη (η → γ γ ,   η → π 0  π − π +  )

� γ γ

� Event generator  ⇒ W A 1 0 2 ,  b as ed  on real  d ata.

� B eam  m om entu m  – 2 8 0  G eV / c ,  R M S  1 . 5 % .

� T ri gger c ond i ti ons :  
� one p arti c l e travers e tw o R P D   l ay ers ;
� no s i gnal s  i n s and w i c h es ;
� f as t p arti c l e  at th e end  of  s etu p  ou ts i d e th e b eam  s p ot.
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Htarg

R P D

E C A L 1 E C A L 2 ′R I C H 1S M 1L A T

S M 2
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Fast and slow hadron distributions

be am
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Central system energy
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Neutral decay mode efficiencyM ix ed decay mode efficiency Expected statistic:
4 5 0   ev en ts/day   o f
f0 ( 1 5 0 0 )  i n ηη
decay  m o de

B e a m  2 . 5  *  1 0 7/s p i l l
l i m i t e d  b y  E C A L 2
r a d i a t i o n  r e s i s t a n c e .
σ p r o d  ~  3  µb

- - - - - - - - -
( W A 1 0 2 : 3 3 5 1  ev . )
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Max. θγ f r o m  η’s  d e c ay

Acceptance cutECA L 2
G A M S

0 . 3 63 4  m-1 1  m

0 . 1 8-3 4  m1 6  m

AccγE C AL 2G AM SE C AL 1D
i
s
t
a
n
c
e

W i d e  A n g u l ar  E l e c t r o m ag n e t i c  C al o r i m e t e r
b e f o r e  S M1  i s  d e s i r ab l e  t o  i n c r e as e  s i g n i f i c an t l y  
ac c e p t an c e  f o r   g am m as  ( Accγ ~  0 .9 5 ).

W A D
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Project status
• Target, RPD        ⇒ ex i s t ☺

E l ec tro n i c  ⇒ s h o u l d  b e p ro d u c ed   �
• E C A L 1

Pl atf o rm    ⇒ ex i s t ☺
C as s ette    ⇒ i n  p ro d u c ti o n  �
F ro n t E n d  :

F I A DC   ⇒ 3 0 0 0  ☺
S A DC     ⇒ d es i gn   i n  p ro gres s      �

• E C A L 2
Des i gn    ⇒ read y  ☺
p ro d u c ti o n  ⇒ �

• G A M S ⇒ ex i s t ☺
• Tri gger ⇒ s h o u l d  b e p ro d u c ed �
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Conclusions

COMPASS has a good perspective in meson 
spectroscopy

� High intensity beam
� P r ec ise L ar ge &  S mal l  A r ea T r ac k ing
� E l ec tr o magnetic  &  Had r o n C al o r imetr y
� P ar tic l e id entif ic atio n
� F ast R ead -o u t el ec tr o nic s
� High p er f o r manc e p o w er f u l  D A Q

I mp r o v ement:
� W A D


