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A	
  pre-­‐shower	
  detector	
  for	
  forward	
  
electromagne4c	
  calorimeters	
  

We	
  are	
  considering	
  the	
  pre-­‐shower	
  for	
  the	
  central	
  
part	
  of	
  the	
  Electron-­‐forward	
  ElectromagneFc	
  
Calorimeter	
  (EFEC)	
  	
  	
  
	
  	
  	
  	
  The	
  proposed	
  pre-­‐shower	
  is	
  for:	
  	
  
1.  Precise	
  parFcle	
  coordinate	
  measurement	
  on	
  the	
  

face	
  of	
  a	
  calorimeter.	
  	
  
2.  And	
  for	
  the	
  parFcle	
  recogniFon:	
  
•  π0	
  èγγ idenFficaFon	
  for	
  P~10	
  GeV	
  
•  DisFnguishing	
  single	
  γ	
  from	
  π0	
  and	
  e	
  
•  e-­‐	
  from	
  π-­‐	
  and	
  e+	
  from	
  π+	
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  Crystals	
  for	
  HEP	
  (from	
  Ren-­‐Yuan	
  Zhu,	
  California	
  InsFtute	
  of	
  Technology)	
  



LSO/LYSO	
  crystals	
  and	
  a	
  read	
  out	
  with	
  
WLS	
  fibers	
  and	
  SiPMs.	
  

Three	
  basic	
  components	
  of	
  the	
  pre-­‐shower:	
  	
  
•  LSO	
  crystals	
  producFon	
  began	
  in	
  1996	
  by	
  CTI	
  
(Knoxville),	
  this	
  is	
  the	
  basic	
  type	
  of	
  crystals
(pixels	
  array)	
  for	
  	
  a	
  modern	
  PET.	
  

•  SiPMs	
  were	
  developed	
  in	
  last	
  12	
  years	
  and	
  it	
  is	
  
a	
  very	
  promising	
  photo	
  sensor	
  for	
  HEP	
  now	
  

•  WLS	
  fiber	
  is	
  a	
  tool	
  for	
  	
  a	
  uniform	
  light	
  
collecFon	
  from	
  large	
  area	
  scinFllators	
  

	
  



Light	
  guide	
  from	
  clean	
  plasFc	
  	
  

Incident	
  parFcle	
  

Calorimeter	
  	
  

WLS	
  fiber	
  

SiPM(MPPC)	
  

4x4x45	
  mm3	
  LYSO	
  crystals	
  

amplifier	
  

To	
  DAQ	
  

2D	
  pre-­‐shower	
  with	
  LSO/LYSO	
  crystals	
  



X-­‐Y	
  WLS	
  fibers	
  pad	
  

Kuraray	
  Y11	
  1mm	
  diameter	
  WLS	
  fiber	
  

4mm	
  



Elements	
  of	
  the	
  pre-­‐shower.	
  

625	
  LYSO	
  crystals	
  
X-­‐Y	
  pad	
  25x25	
  fibers	
  

25	
  SiPMs	
  with	
  light	
  guides	
  
	
  assembly,	
  X	
  axis	
  	
  	
  

25	
  SiPMs	
  with	
  light	
  guides	
  
	
  assembly,	
  Y	
  axis	
  	
  	
  

A	
  mirror	
  foil	
  



SiPMs	
  with	
  light	
  guides	
  



Light	
  guide	
  from	
  clean	
  plasFc	
  	
  

Incident	
  parFcle	
  

Calorimeter	
  	
  

WLS	
  fiber	
  

SiPM(MPPC)	
  

4x4x45	
  mm3	
  LYSO	
  crystals	
  

amplifier	
   To	
  DAQ	
  

3D	
  pre-­‐shower	
  with	
  LSO/LYSO	
  crystals	
  



16	
  

8x8	
  LYSO	
  pixels	
  matrix	
  

3mm	
  thick	
  PLEXIGLAS	
  	
  

D	
  1mm	
  Kuraray	
  Y11	
  WLS	
  fiber	
  	
  

A	
  mini-­‐prototype	
  with	
  a	
  matrix	
  of	
  64	
  2x2x12	
  mm3	
  LYSO	
  
crystals	
  and	
  1	
  mm	
  diameter	
  WLS	
  fiber	
  (Kuraray	
  Y11)	
  readout	
  
contained	
  from	
  8	
  X-­‐coordinate	
  and	
  8	
  Y-­‐coordinate.	
  	
  



16	
  CPTA	
  151-­‐30	
  MRS	
  APD/SiPM2	
  with	
  fast	
  current	
  amplifiers	
  

A	
  socket	
  for	
  a	
  fiber	
  

CPTA	
  MRS	
  APD/SiPM	
  



The	
  mini-­‐prototype	
  is	
  in	
  a	
  dark	
  box.	
  



Test	
  of	
  the	
  mini-­‐prototype	
  with	
  1μCi	
  
Cs-­‐137	
  (0.662	
  MeV	
  )	
  

Sum	
  of	
  amplitudes	
  from	
  
all	
  channels.	
  All	
  channels	
  
were	
  calibrated	
  with	
  1	
  
ph.e.	
  peak	
  posiFon.	
  X	
  
axis	
  has	
  a	
  numbered	
  
photoelectrons	
  scale.	
  	
  	
   Number	
  of	
  ph.e.	
  

Events/bin	
  

The	
  response	
  for	
  
0.662	
  MeV	
  
gamma	
  The	
  internal	
  radiaFon	
  of	
  	
  

LYSO	
  with	
  energy	
  88,202	
  and	
  	
  
307KeV	
  

176-­‐Lu	
  is	
  a	
  naturally	
  
radioacFve	
  β	
  emijer:A	
  ~	
  39	
  
Bq/g;	
  β-­‐decay	
  followed	
  by	
  
a	
  γ-­‐cascade)	
  
	
  



Experimental	
  set	
  up	
  with	
  tagging	
  gamma	
  source.	
  

Na22	
  	
  

Lead	
  collimator	
  

PMT	
  

LaBr3(Ce)	
  scinFllator	
  

SiPM(MPPC)	
  

	
  625	
  4x4x45	
  mm3	
  LYSO	
  crystals	
  

amplifier	
   To	
  DAQ	
  

γ2	
  
γ1	
  

Na22èβ+èγ1+γ2 

histo1
Entries  10000
Mean    391.4
RMS     241.3
Constant  133.9
Mean      417.6
Sigma     8.412
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histo1
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What	
  we	
  have….	
  
•  650	
  4x4x45	
  mm3	
  LYSO	
  crystals	
  (PreLude	
  420,	
  
St.Gobain)	
  ($	
  20K)	
  

•  LaBr3(Ce)	
  scinFllator	
  for	
  the	
  gamma	
  source
(BriLanCe	
  380,	
  St.Gobain)	
  ($	
  5K)	
  

•  HAMAMATSU	
  PMT	
  Module	
  ($	
  1K)	
  
•  DAQ	
  (NIM	
  crate,	
  VME	
  crate,	
  VME	
  USB	
  controller,	
  
4	
  modules	
  V792AC	
  QDC,PC)($	
  35K)	
  

•  The	
  test	
  facility,	
  the	
  electronic	
  facility,	
  the	
  
mechanical	
  facility	
  with	
  	
  a	
  5-­‐axis	
  CHC	
  milling	
  
machine.	
  



Description of resources 

Laboratory and Equipment
The experimental nuclear and high energy physics group of UTFSM has a 
modern, fully equipped mechanical and electronics fabrication facilities and 
extensive laboratory space for mounting test setups. This infrastructure was 
created during the last 4 years and is currently being used for testing 2800 
HAMAMATSU large-area MPPC arrays and production of 4000 light guides 
for Hall D at JLab. The most recent versions of a DAQ system produced by 
CAEN are being used in this laboratory. The Valparaíso Center for Science 
and Technology (CCTVal in the Spanish acronym), a Chilean Center of 
Excellence located at UTFSM, is also currently negotiating to be the 
technical and business representative of CAEN in Chile. The members of the 
group have been involved since the inception of the CLAS detector at JLab, 
and of CMS and RD-40 at CERN. Our group  participates in ATLAS, 
NA-61, RD-42 and RD-51 at CERN, GlueX and CLAS at JLab, and 
MINERVA at Fermilab.

UTFSM Budget Request
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What	
  do	
  we	
  need…	
  



Plan	
  of	
  the	
  R&D	
  

•  Make	
  the	
  tagging	
  gamma	
  source	
  with	
  Na22	
  
•  Measure	
  the	
  light	
  ajenuaFon	
  length	
  of	
  the	
  
crystal	
  for	
  511	
  KeV	
  for	
  different	
  wrapping	
  of	
  
the	
  crystal	
  

•  Make	
  Geant4	
  model	
  for	
  the	
  pre-­‐shower	
  and	
  
select	
  2d	
  or	
  3d	
  opFon	
  of	
  the	
  read	
  out	
  

•  Produce	
  pre-­‐shower	
  with	
  read	
  out	
  
•  Make	
  accurate	
  scan	
  of	
  the	
  pre-­‐shower	
  with	
  
the	
  tagging	
  gamma	
  source.	
  

	
  


