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The COMPASS spectrometer: The COMPASS spectrometer: 
sta tu s a n d  perf orma n cesta tu s a n d  perf orma n ce

Silvia D alla T o r r e
INFN, Trieste
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THE COMPASS COLLABORATIONTHE COMPASS COLLABORATION

Bielefeld,  Bo c h u m ,  Bo n n  ( I S K P ) ,  Bo n n  ( P I ) ,  Bu r dw a n a n d C a lc u t t a ,  
C E R N , D u b n a ( L P P  a n d L N P ) , E r la n g en ,  F r eib u r g ,  H eidelb er g ,  

H els in k i,  M a in z ,   M o s c o w  ( I N R ) ,  M o s c o w  ( L P I ) ,  M o s c o w  ( S t a t e U n iv er s it y ) ,  
M ü n c h en ( L M U ) ,  M ü n c h en   ( T ec h n ic a l U n iv er s it y ) ,  N a g o y a ,  P r o t v in o ,  

S a c la y ,  T el A v iv ,  T o r in o  ( U n iv er s it y  a n d I N F N ) ,  
T r ies t e ( U n iv er s it y  a n d I N F N ) ,  
W a r s a w  ( S I N S ) ,  W a r s a w  ( T U )

M o r e t h a n  2 0 0  p h y s ic is t s  fr o m  2 6  I n s t it u t es
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PHYSICS PHYSICS 
O B J E CT IV E SO B J E CT IV E S

Nucleon spin 
st r uct ur e

• G l u o n  p o l a r i z a t i o n  
∆ G ( x )

• F l a v o u r -d e p e n d e n t
h e l i c i t y f u n c t i o n s  ∆q( x )

• T r a n s v e r s e -s p i n
d i s t r i b u t i o n  f u n c t i o n s  
∆Tq( x )

• S p i n -d e p e n d e n t
f r a g m e n t a t i o n  ( ∆ D  Λq)

S pect r oscopy
• P r i m a k o f f r e a c t i o n s

• Polarizability of  π an d  K
• G l u e b a l l s a n d  h y b r i d s
• C h a r m e d  m e s o n s  a n d  
b a r y o n s
• Se m ile p ton ic d e c ays
• D ou ble -c h arm e d  
baryon s
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MU O N an d
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COMPASSCOMPASS D e t e c t o rD e t e c t o r
2002 run:
160 G e V µ+ b e a m
2.8 .  108 µ/ s p i l l  ( 4.8  s )

Polarized
t arg et

S M 1D rif t .  C h . R I C H
E C al1  &  H C al1

M u on  f ilt er 1
S M 2

M W PC s

M ic rom eg as

E C al2  &  H C al2

M u on  f ilt er 2

G E M  &  M W PC s
S c iF i

G E M  &  M W PC s

G E M  &  S t raw s

S ilic on
S c iF i

S c in t illat in g
f ib ers

B eam
2 stage spectrometer: L A T ,  S A T

track i n g: V S A T ,  S A T ,  L A T
cal ori metry :E cal 1 , H cal 1 , E cal 2, H cal 2

P I D : R I C H -1 ,  µ−w al l 1 ,  µ−w al l 2
P ol ari sed  T arget

� � �

� � �
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LARGE MECHANICAL STRUCTURESLARGE MECHANICAL STRUCTURES

SOME EXAMPLES
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SAS + SM2 in the hallSAS + SM2 in the hall
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ECAL1 frameECAL1 frame
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TRACKER SUPPORT IN RICHTRACKER SUPPORT IN RICH--1  1  
REG IONREG ION
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POLARIZED TARGETPOLARIZED TARGET
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1m

Two 60 cm long target cells 
wi th  op p osi te p olari sati on

Superconducting 
 s ol enoid ( 2 . 5  T )

3He – 4He d i l u t i o n
r ef r i g er a t o r  ( T ~ 5 0 m K )

+ d i p o l e m a g n et  ( 0 . 5 T )



���������	
��
������������������������������������ ���� ��� � ����� � ������������������������������������� �� �� � � � � ��  ���

66LiD TargetLiD Target
Dynamic Nuclear 
P o lariz at io n

Dilut io n f act o r ~ 5 0 %

M ax imum P  v alues
– 4 9 %  +  5 7 %  

S p in relax at io n t ime:
- L o ng it ud inal s p in ( 2 . 5  T ) :

t o o  lo ng  t o  b e 
meas ured
- T rans v ers e s p in ( 0 . 5  T ) :

> 1 0 0 0  h o urs
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19, June.solenoidslow  disc h a r g e

-40

-2 0

0

2 0

40

6 0

0 1 0 2 0 3 0 40 5 0 6 0 7 0 8 0 9 0 1 00

Po
la
riz

at
io
n (

%
)

d a y

u p s t r e a m
d o w n s t r e a m

p r e l
i m i na r

y

6LiD T a r g e t  P o l a r iz a t io n  2 0 0 2

18 , June.

1, A ug .dip oledisc h a r g e

7 , A ug .M ic r ow a v eP ol.  R ev er sa l
14 , S ep .M ic r ow a v eP ol.  R ev er sa l

18 ,S ep .

transversetransverse

3 1, A ug .solenoidslow  disc h a r g e
9, S ep .P O W E RF A I L U R E
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TRACKERSTRACKERS

VERY SMALL ANGLE TRACKERS
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Scintillating Fiber DetectorsScintillating Fiber Detectors

• efficiency: typically 99%
• 9 s tatio ns ,  2 1  co o r d inates ,  2 6 6 8  fib r e ch . s ,  4 0 0 8  d is cr .  ch . s

• enormous rate capability:  5  M H z  per f iber
• spatial resolution:  1 3 0  to 2 5 0  µm• time resolution:  4 5 0  to 5 5 0  ps

σ ~ 730 p sX Y

time difference “SF1X -SF1Y ”  
( time res o l u tio n SF1:  σ ~  5 2 0  p s )

B ea m p ro fil es  o n SF4

mean ~ 1.6

number of hits

mean ~ 1.2

number of c l usters



���������	
��
������������������������������������ ���� ��� � ����� � ������������������������������������� �� �� � � � � ��  ���

SciFiSciFi
PositionPosition--S e nsitiv eS e nsitiv e
Ph otom u l tip l ie rPh otom u l tip l ie r ( PS PM ) :( PS PM ) :

H6568MOD (HAMAMATSU)
– 1 6  c h  M u l t i -A n o d e
– B o o s t e r  f o r  t h e  l a s t  4  

s t a g e s o f  d y n o d e s

S e nsitiv e  a r e a :
77--l a y e r s of  K u r a r a y  S C S Fl a y e r s of  K u r a r a y  S C S F --78 M J  0 . 5  m m  Ø78 M J  0 . 5  m m  Ø SF2SF2

f ib e r  d ia m e te r  
0 . 5  m m  to 1  m m
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SciFiSciFi
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Silicon trackersSilicon trackers
• 2 stations, i.e. 4 double sided silicon detector operated in 2002 
• strip pitch  5 0 µm
• dimensions 5 0 x  7 0 mm2
• time resolution 2.5  ns
• ef f iciency  ~  9 9 %
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TRACKERSTRACKERS

SMALL ANGLE TRACKERS
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MicroMegasMicroMegas
(Micro Mesh Gas Detectors)(Micro Mesh Gas Detectors)

Novel gaseous detector

Micromesh
10

0 
µmS t rip s

e-

 4

� 0 � k�V

�/c 	m




�� � � �� �� 

  
  
 

��� �� ���� ����

  
  
  
  

3 
m
m

1� k� V

�/c 	m




40 cm

4 0 x 4 0  cm 2,
dead z on e:  5  cm  Ø

2 0 0 2  run :
3  stati on s, 
4  p lan es each
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MicroMegasMicroMegas

efficiency 
l a r g er  t h a n 9 7 %

s p a t ia l  r es o l u t io n 
b el o w  7 0  µm

t ime r es o l u t io n b el o w  1 0  ns



���������	
��
������������������������������������ ���� ��� � ����� � ������������������������������������� �� �� � � � � ��  ���

GEMsGEMs
• novel gaseous detector

50 µm

(two dimensional)
2 dimensional read-ou t

2002 run:
1 0 s t a t i o ns ,  
2 d e t e c t o rs  e a c h
c o rre s p o nd i ng  

t o  4 0 c o o rd . s
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GEMsGEMs
• two dimensional read-ou t
• sp atial resolu tion ~ 5 0  µm
• time resolu tion ~  1 2  ns
• ef f ic ienc y  ~  9 6  – 9 7 %

30 x 30 cm2 

a mp l i t u d e  
co r r e l a t i o n
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TRACKERSTRACKERS

LARGE ANGLE TRACKERS
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Drift Chamber (SDC)Drift Chamber (SDC)
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Drift Chamber (SDC)Drift Chamber (SDC)
• Large Area Tracking in SAS
• 3  ch amb er in 2 0 0 2
• E ach  ch amb er p ro v id es  8  co o rd inat es w it h  res o l u t io n ~ 1 7 0  µm
• E f f iciency  9 5  – 9 9 . 8  %

166 µm 168 µm
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STRAWsSTRAWs
• 9 D L s o p e r a t i o n a l  i n  y e a r  2 0 0 2 :

1  f u l l  s t a t i o n  ( 6  D L s )  +  1  h a l f  s t a t i o n
efficiency 85 – 9 8%  
s p a t ia l  r es o l u t io n ~  2 7 0  µm

• c o n s t r u c t i o n  i n  D u b n a c o m p l e t e d :
a l l  1 5  D L s b u i l t

6 mm straws

1 0  mm straws

1 0  mm straws

H o l e

2

1 60  x  23 0  mm2

T yp ica l  d imens io ns
O f a  D o u b l e L a yer  ( D L )

3250x2420 mm2

g l u i n g  o f  a l u m i n i z e d  m y l a r f o i l  

Assembly of firstAssembly of first
S tra w  M od u le ( 6  S tra w  M od u le ( 6  D L ’ sD L ’ s))
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STRAWsSTRAWs t r a c k i n g  r e su l t st r a c k i n g  r e su l t s
10 m

m
 straw

�
 

 
!"

#$
%

RT relations

resid u als
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MWPCsMWPCs
• Backbone tracking system in SAS
• 1 1  stations instal l ed  f or a total  of  3 4  p l anes

Mean efficiency 99.3%

• Gas mixture:
7 0 %  A r,  2 0 %  C F 4 ,  1 0 %  C O 2

• H ig h  v o l tag e:
4 . 2 5  k V

• D isc r.  th resh o l d :
4 f C
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W45: W45: 
L a r g e  A r e aL a r g e  A r e a
D r i f t  D r i f t  
C h a m b e r sC h a m b e r s
f o r  f o r  
S A SS A S
2 detectors,2 detectors,
i n  tota l  8  p l a n esi n  tota l  8  p l a n es
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COMPASS CALORIMETRYCOMPASS CALORIMETRY
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COMPASS CALORIMETRYCOMPASS CALORIMETRY
• HCAL 1
sandwich: Fe + scint il l at o r  +     

p l anar  W L S  f o r  r ead-o u t
f u l l y  m o u nt ed and inst r u m ent ed

• HCAL 2
sandwich: Fe + scint il l at o r +     

W L S  f ib r es f o r  r ead-o u t
f u l l y  m o u nt ed and inst r u m ent ed

• E CAL 1
l ead g l ass (b l o ck s f r o m  G A M S  + 

O L G A )
no t  m o u nt ed (su p p o r t s in 

p r o du ct io n)                                            

(G A M S )

• E CAL 2
l ead g l ass ( f r o m  G A M S ,  

m o u nt ed) + sandwich
(p ap p ar del l e o r  shashl ik )
L G  m o u nt ed and p ar t ial l y  

inst r u m ent ed

%6.7%4.59: ⊕=
EE

σ
π

%6.0%3.24: ⊕=
EE

e σ

%4%65: ⊕=
EE

σ
π

%3.2%8.5 ⊕=
EE

σ
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HCAL1HCAL1
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COMPASS PIDCOMPASS PID
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MuonMuon W a l l  1W a l l  1
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MuonMuon W a l l  2W a l l  2
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RICH1RICH1
Ri n g  Im a g i n g  Ri n g  Im a g i n g  Ch e r e n k o vCh e r e n k o v

• 80 m3 ( 3  m C 4F 1 0 )
• 1 1 6  V U V  mi r r o r s  ( 3 . 3  m f o c a l  

l e n g t h )
• 5 . 3  m2 V U V  d e t e c t o r s
– MWPC CsI photon-se nsi ti v e  

c a thod e s
– 8 x 8  m m 2 pa d s

• 84 k  c h a n n e l s  o f  a n a l o g  
r e a d -o u t

mirror
wa ll

photon
detectorts

& ' (

)* ) +

5.
3 
m

6.6 m
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RICHRICH--1  1  an event froman event from
onon--l i ne l i ne 
d i s p l ayd i s p l ay

VUV mirror VUV mirror 
w a l l ,  2 1  mw a l l ,  2 1  m22,,
1 1 6  mirrors1 1 6  mirrors

P h ot on  d e t e c t ors  P h ot on  d e t e c t ors  
( P D )  :  ( P D )  :  M W P C sM W P C s w it h  w it h  
C s IC s I p h ot oc a t h od e sp h ot oc a t h od e s
( 5 . 3  m( 5 . 3  m22 ) , ) , 8 4 ,0 0 0  8 4 ,0 0 0  
a n a l og  re a da n a l og  re a d --ou t  ou t  c hc h . s. s
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RICHRICH--1 ,  M O RE  W O RK  1 ,  M O RE  W O RK  
N E E D  F O R  …N E E D  F O R  …

• Photon Detectors electrical stability 
R u n 2 0 0 1 : 2  PDs ( ov er 8 )  O K

p roblem  id entif ied :  local d ef ects of  anod e w ires
rep lacem ent  of  w ires  

R u n 2 0 0 2 : 5  PDs ( ov er 8 )  O K

• stability of  m irror ang u lar alig nm ent:
m isalig nm ent u p  to  1 . 5  m rad , p osition correlated
rep eated  check s, R I C H  therm alisation,
on-line m onitoring  of  m irror alig nm ent
being  stu d ied

• R ad iator g as V U V  trasp arency:
raw  g as cleaning  
on-line g as f iltering
g as consu m p tion

wire defect,wire defect,
dia meter 2 0  dia meter 2 0  µµmm

V  mis a l ig n men tV  mis a l ig n men t

T ransm ission throu g h T ransm ission throu g h 
5  m  of  5  m  of  

g as ( 1  bar)  v s.  g as ( 1  bar)  v s.  λλ ( nm )( nm )
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calibration runs calibration runs 
( low  be am  inte nsity )( low  be am  inte nsity )
σσphotonphoton= 1.4 = 1.4 m r a dm r a d
(design:0.8 (design:0.8 m r a dm r a d))

ππ ΚΚ pp

z o o mz o o m

m a s s  s p e c t r u mm a s s  s p e c t r u m

,,
- .- .

θθ((m r a dm r a d ))

ππ
ΚΚ

pp

< n p h o t o ns/ r ing>  =  < n p h o t o ns/ r ing>  =  
1 41 4

C sI  C sI  ––Q E  ~  designQ E  ~  design
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PHYSICS RUNSPHYSICS RUNS

ππ ΚΚ pp

no cutsno cuts

ΘΘTRAJECTORYTRAJECTORY > 4 0  > 4 0  m r a dm r a d

calibration run calibration run 

p h otocath od ep h otocath od e im ag e ,im ag e ,
s up e rim p os e d  e v e nts  s up e rim p os e d  e v e nts  

ΚΚππ pp

ΚΚ
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COMPASS TRIGGERCOMPASS TRIGGER



���������	
��
������������������������������������ ���� ��� � ����� � ������������������������������������� �� �� � � � � ��  ���

Trigger concept
OT = Outer Trigger: 

n ew  in  2 0 0 2

Trigger h a rd w a re:
• ~  5 0 0  ch a nnel s
• d is crim ina tor 
b oa rd s  
w ith  m ea n-tim er
• m a trix  b oa rd s

TRIGGER
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DETECTOR SUMMARY:DETECTOR SUMMARY:
Co m p a r i s o n  w i t h  I n i t i a l  l a yCo m p a r i s o n  w i t h  I n i t i a l  l a y -- o u to u t

Detector I n .  L a y - ou t 2 0 0 1  ru n 2 0 0 2  ru n
Target 6 L i D 6 L i D 6 L i D
S o l en o i d C O M P A S S S M C S M C
B M S 4 4 4
S c i n t .  F i b ers 1 8 1 8 21
S i l i c o n 4 2 4
G E M 20 1 4 20
M i c ro m egas 1 2 6 1 2
D ri f t  C h am b ers 1 6 8 24
S traw s 1 5 4 9
M W P C 3 0 3 0 3 4
W 45 0 0 8
M u o n  W al l s 1 00% 1 0% 1 00%
H C A L 1 00% 1 0% 1 00%
R I C H  m i rro rs 1 1 6 1 1 6 1 1 6
R I C H  P D s 8 8 8
R I C H  rad i ato r 1 00% 5 0% 1 00%
D A Q 1 00% 5 0% 1 00%

☺�☺☺

☺
�
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FE & DAQ FE & DAQ 
FEATURES
• Pipelined readout 
arc h itec ture

• F ully  ex tendab le
• D ata trans f er v ia S -L ink
• B uf f ering  of  b urs t 
( S PS  duty  c y c le ~ 3 0 % )

• N etw ork  ev ent-b uilders
REQ UI REM EN TS AN D
P ERFO RM AN C ES
• C h annels  :     1 9 1  k
• T rig g er rates :  5  k H z ,

dead tim e:  7 %
• E v ent s iz e ~  4 0 k B
• D ata rates :  2 2 0  M B / s  in 

s pill,  6 0  M B / s  D C
D AQ  SO FTW ARE:     

b a s e d  o n  AL I C E D ATE

custom!
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DAQ & FRONTEND DURING 2002 RUNDAQ & FRONTEND DURING 2002 RUN
FRONTEND & DAQ s t a b i l i t y
i m p r o v e d  d u r i n g  t h e  r u n :

in particular:

• L im itatio ns  in C e ntral D ata 
R e co rd ing
– T o tal d ata rate  > / =  

m ax im um  o rig inally  planne d
– at E O R ,  ~  2  x   f o re s e e n rate  

Uptime of FE& DAQ:
– 6-8  J u l y :     5 7 %
– 2 6-2 7 . Au g . : 8 5 %

27/5               1 8 /9 /0 2

G B /d a y
3000

total: 260TB,
i . e .  5  G  e v e n ts
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FrontendFrontend a nd D A Q  P erf orm a nc ea nd D A Q  P erf orm a nc e

• 5 kHz t r i g g e r  r a t e
• D e a d  t i m e :  1 3 µ s ,   

5 t r i g g e r s  i n  3 0 0  µ s  
→  7 %  d e a d  t i m e

• i m p r o v e d  
p e r f o r m a n c e s  c o m i n g

present 
f i g u re
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NECESSARY COMPLEMENTSNECESSARY COMPLEMENTS
OF  A MOD ERN EX PERI MENTOF  A MOD ERN EX PERI MENT
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DETECTOR CONTROL SYSTEM (DETECTOR CONTROL SYSTEM (DCSDCS))

aims: 
• operator control of  H V ,  L V ,  
…

• m oni tori ng  and  long -term  
peri od s  arch i v i ng of   
param eters  (H V ,  L V ,  crates ,   
g as  s y s tem ,  P  and  T  s ens ors ,  
d ata tak i ng ,  cooli ng  s y s tem s ,  
d ata f rom  S P S )

• alarm h and li ng  and  
i nf orm ati on v i s u ali s ati on

C O M P A S S  D C S  u s es  
F ram ew ork , b as ed  on P V S S ,  
C E R N  d es i g ned  f or L H C  
ex peri m ents

C O M P A S S  D C S  h as 3  l ay e r s:
• s u perv i s i on lay er (P V S S  I I   
S C A D A s y s tem  ru nni ng  on 
L i nu x  P C )  

• proces s   m anag em ent lay er
(P C s  w ork  s tati ons  w i th  L i nu x  
and  N T   s y s tem s ,  V M E  C P U s )

• d ev i ce lev el u s i ng  
f i eld b u s es (li k e V M E ,  C A N  
b u s ,  P rof i b u s ,  s eri al R S 2 3 2  
li nes )
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DETECTOR CONTROL SYSTEM (DETECTOR CONTROL SYSTEM (DCSDCS))
Status
• system started

w i th  l arg e su p p o rt 
f ro m C E R N / I T  
di v i si o n

• su b -systems 
i n c l u ded

• o n l y b asi c  
f u n c ti o n al i ty
i mp l emen ted

• o p ti mi sati o n  
req u i red to  mak e 
i t mo re stab l e an d 
f ast

Detectors
             /  S y stem s C A E N  H V C A E N  L V I S E C  H V W I E N E R  L V G a s M on i t  A M S DA Q  C ra tes DC S  con n ect
H od oscop es 368 ch +
B M S 2 5 6 ch 2 0  V +
S ci F i  J 30  ch +
S ci F i  G 1 88 ch +
G E M 2 0  ch 1 0 0  ch P L C 2 +
S i l i con 1 6 ch 1 6 T +
M M / DC 4 0  ch 6 cr a t e s +
S T R A W 1 60  ch 1  cr a t e P L C 2 33 T / H +
R I C H 1 6 ch 8 cr a t e s P L C 1 , 2 1 6 T +
M W P C 2 8 ch P L C 2 1 4 4  V +
m W 1 1 6 ch + 3 V +
m W 2 2 0  ch + 2 3 V +
DC  W 4 / 5 1 6 ch +
H C A L 1 2 0  V +
H C A L 2 +
E C A L 1
E C A L 2
S M 1 , S M 2 3 M F
DA Q D a t a  F i l e
P T D a t a  F i l e
S P S D a t a  F i l e
N M R D a t a  F i l e
M on och rom a tor + O P C  s e r v e r

8 8 8  E x p  H a l l 1 5  T / H
T ota l 9 5 8  ch 1 1 6  ch 1 6 0  ch 1 5  cra tes 2  P L C 2 9 4  ch  1 6  cra tes
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ONON--L I NE  D A T A  M ONI T OR I NGL I NE  D A T A  M ONI T OR I NG
COOOL
up-t o -d a t e  o n -l i n e  m o n i t o r i n g  
c o d e  i n  C + +  
b ui l t  o n  R O O T l i b r a r i e s
s h a r i n g  d e c o d i n g w i t h  o f f -l i n e   

s o f t w a r e  

d a t a  f r o m  D A Q  f a r m ( e v e n t  
b ui l d e r  P C s )

~  8 0  e v e n t s / b ur s t ( o v e r ~ 2 5 0 0 0 )  
a n a l y z e d
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ELECTRONIC ELECTRONIC 
LOGLOG --B OOKB OOK

•information access via www
•ed ited  b y  sh ift crew
• p aste in h istog rams,  tab l es
• d ata tak ing  information 
au tomatical l y  transferred ,
incl u d ing  monitoring  h ist. s
• d ata from S P S  and  P T  al so
transferred



���������	
��
������������������������������������ ���� ��� � ����� � ������������������������������������� �� �� � � � � ��  ���

COMPASS physics data taking efficiency

0%

1 0%

2 0%

3 0%

4 0%

5 0%

6 0%

7 0%

8 0%

9 0%

1 00%

2 6 - J u n 3 - J u l 1 0- J u l 1 7 - J u l 2 4 - J u l 3 1 - J u l 7 - A u g 1 4 - A u g 2 1 - A u g 2 8 - A u g 4 - S e p 1 1 - S e p 1 8 - S e p

COMPASS phys. data taking
e f f ic ie nc y ( pe r  day )
COMPASS phys. data taking
e f f ic ie nc y ( av e r age d)
Co m b ine d phys. data taking
e f f ic ie nc y ( pe r  day )
Co m b ine d phys. data taking
e f f ic ie nc y ( av e r age d)
Mac hine  D e v e l o pm e nts

T r anv e r se  data taking pe r io d

Transverse

CONCLUSION:  
COM P A SS D A T A  T A K ING  

E F F ICIE NCY
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THANK YOUTHANK YOU


