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• Requirement for Total Energy counter in RIBF
• Experiments in HIMAC facility
• NaI(Tl) response for HI
• CsI(Tl) response for HI
※ N. Endo, part of master thesis in Tohoku U.

• Consideration
• Summary



Motivation

• Particle Identification for Reaction Residue
• c.f. 2nd beam from (Bρ, ΔE, L/t)

• Candidates:
• (1) (Bρ, ΔE, L/t)
• (2) (Bρ, ΔE, E)
• (3) (L/t, ΔE, E)

• c.f.
  Magnetic Rigidity : Ap1/Z=cBρ≡R 
  Energy Deposite    : z2/β2  ≡D=ΔE
  TOF                       : L/β   ≡t
  Total E                   : AT1    ≡E

• Assume that Z=Q for Z≃40 or less at T1≃250 MeV
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• (R,D,t):

• (R,D,E): 

• c.f. (D,E,t) 
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• (R,D,t):

• σA/A=0.2/100=1/500
• σR/R=1/700
• σβ/β=1/700/γ2～1/1100  @β=0.62

• Even if σt=50ps is obtained,  L =10m is required.
• If σt=100ps,  L =20m is needed.
• σL/L << σβ/β is also required.
• Alternative method? 
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• (R,D,E):

• σA/A=0.2/100=1/500
• σR/R=1/700/(γ+1) ~ 1/1600
• σE/E=1/700/γ        ~ 1/900

• Goal(Expected) : σE/E=1/1000 

PID (R,D,t) / (R,D,E)
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Motivation

• Particle Identification for Reaction Residue
• c.f. 2nd beam from (Bρ, ΔE, L/t)

• Candidates:
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NaI(Tl) motivation

• response to γ : well known
• response to p : relatively well known

• Scaling : 662 keV γ : ΔE/E = 8 %(FWHM)
• 250AMeV 
• A=40 : E=10GeV ⇨  ΔE/E = 0.065 %(FWHM)

• A=132 : E=33GeV ⇨  ΔE/E = 0.035 %(FWHM)
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• 22Ne primary 110 AMeV (T. Suda, Progress Rep. 2002, p.171)
• Results 0.7%(FWHM) ⇄ Scaling 0.13%(FWHM)  ???

• Re-scaling with 22Ne results
• A=40 : E=10GeV ⇨  ΔE/E = 0.34 %; σE/E=0.14 % 

• A=132 : E=33GeV ⇨  ΔE/E = 0.18 %; σE/E=0.08 %



Experiment

• HIMAC SB2 Beam line
• 40Ar(Z=18), 84Kr(Z=36) @ 400 AMeV
• 2nd Beam Z<34 @ 250-300 AMeV

• Δp/p=0.1% @ F1 by Slit

• For (R,D,E) study
• Si+NaI(Tl)

• 3''φ×3''t 
• 3'' cubic (Harshow)

• Si+CsI(Tl)
• (Si+HPGe)



NaI(Tl) results

HIMAC p181 exp.



NaI(Tl) results

× reaction tail
× rate limit  (< 0.5~1 kHz)

at F1

HIMAC p181 exp.



Summary of NaI(Tl)

• σE/E=0.15%  for 78Ge 290 AMeV
Scaling from Suda's results σE/E=0.10%

• Quenching effect ? (not confirmed yet)
• reaction tail ⇨ worse S/N

• rate < 0.5~1.0 kHz
• etc.

• How to use PMT properly ?  -500 V or less for H1191
• NaI : easily cracked 



CsI(Tl) motivation

• Comparison with NaI(Tl) properties

• relatively easy to handle
• Large area coverage with small dead region

CsI(Tl) NaI(Tl)

water absorption small > yes

τ 1μs < 0.2μs

density 4.51 g/cm3 > 3.67 g/cm3

λMAX 540 nm 415 nm

Ie 56 eV < 25 eV

Readout ε ~100%?(PD) > 20% (PMT)

# of seed ratio 100/56 x2 > ? 20/25



CsI(Tl) preparation



CsI(Tl) preparation

NaI(Tl) より
見た目にも良い
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CsI(Tl) experiment
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CsI(Tl) results
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CsI(Tl) results

• σE/E=0.4 %
• Independent of Total Energy
• Pulse height : Satulation
• Best performance 

CsI 18x18x40(Suri)+PD18x18
σE/E=0.34 - 0.37 %

• Better performance
CsI 40x40x40(Suri)+PD28x28 
+LG
σE/E=0.36 - 0.40 %

• CsI 40x40x40(Suri)+PD28x28 +LG



CsI(Tl) summary

• σE/E=0.4 %
Independent of Total Energy

• Pulse height : Satulation
Where?

• For large area coverage :
Better performance by
CsI 40x40x40(Suri)+PD28x28+LG : σE/E=0.36 - 0.40 %

• ×4 of expectation value of σE/E=0.1 %

• To be studied :
• Saturation (of photon?) in CsI(Tl)? : Tl control?
• PD optimization
• preAMP : Cf   1pF⇨100pF　+ other treatment?



Considerations

• σE/E=0.15 %  @3'' NaI(Tl)+PMT
• σE/E=0.4 %    @403 CsI(Tl)+LG+PD282

• ×5~15 of scaling from 662keV γ
⇨ saturation somewhere

• Tolerance : < 0.5-1.0 kHz

• Material Uniformity upstream of E detector 
c.f.  23 μm Al foil(6.2mg/cm2) : 
250 A MeV Z=32 : 0.25A MeV loss, ΔE/E=0.1%

• Next step ?



Summary

• σE/E=0.15 %  @3'' NaI(Tl)+PMT
• σE/E=0.4 %    @403 CsI(Tl)+LG+PD282

• ×1.4~4 worse than requirement : σE/E=0.1 % (5σ sep.@A=100)

• NaI(Tl) : 4σ separation @ A<80
• CsI(Tl)  : 4σ separation @ A<30 

• Tolerance : < 0.5-1.0 kHz

• Saturation

• CsI(pure)+PMT ? (Terashima-san's talk)
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