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Stereo Crystal Electromagnetic Calorimeter: Design

• To improve the 3D position resolution
§ Pointing angle of even layers alone Z: 𝛼
§ Pointing angle of odd layers alone Z： 𝛼’= -𝛼

1

Left eye

Right eye

Traditional Crystal Ecal SCEcal

Not proportional 
to real angle/size
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Configuration of 5/10/14 layers along R 

• Taget: change layers along R, keep similar Z/phi segmentation
§ 5 layers: 𝛼=10º; crystal size: [9]*10*304 mm3,          n = 1309 * 671;
§ 10 layers: 𝛼=20º; crystal size: [8.8-8.9]*10*316 mm3, n = 1276 * 671
§ 14 layers: 𝛼=30º; crystal size: [9.1-9.4]*10*339 mm3, n = 1141 * 671

• Simulated 30 GeV photon pointing at theta = 90, phi = [10-350]
• Simpler clustering algorithm with threshold of 1 MeV
• Energy/Z resolution do not change for different layers along R
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E std. dev. ~0.5%@30GeV

5 layer 10 layer 14 layer
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Design of Endcap SCECal

• Total shape looks like bottle stopper
• Option 1:

§ Similar idea of pointing angle definition along phi for each layer with 
same polar angle. 

§ Adjacent layers(same polar angle) with reversed pointing angle
• Option 2:

§ The pointing angle defined as angle between beam direction in (ex. 
Horizontal plane) for crystals in the same horizontal plate

§ Adjacent layers(same horizontal plane) with reversed pointing angle

• SiPM Readout and mounting at outside plane(same as Barrel)
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not in Simulation yet

BGO+SiPM
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Performance of Energy and 3D positioning resolution

• 5GeV gamma, phi: 10~350°(bugfix needed around 0), theta: 90°
u Z resolution ~ 0.84 mm; Phi resolution ~ 1.9 mm
u R resolution ~ 7.6 mm; Energy resolution as function of Threshold
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R resolution

Z resolution

E resolution with gaus. fit

Threshold：0.1MeV

Phi resolution
E resolution

E resolution
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Separation between two 5 GeV photons

• Two 5 GeV photons, vary distance along phi between them

• Success reconstruction: 2 neutral particles, 3.3GeV<Eγ<6.6GeV for 
each photon
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Threshold: 2MeV

two γ from IP

SiW/1cm^3 cubes Crys.
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Separation between γ/π

• 5 GeV γ/10GeV π, vary distance along phi between them

• Success reconstruction: 3.3GeV<Eγ<6.6GeV 

• Different π/γ separation power: pointing angle / magnetic field
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Threshold: 2MeV

π+ γ

π- γ γ π-

γ π+

SiW/1cm^3 cubes Crys.
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Event display of shower seperation
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Two 5 GeV photon, 66 mm distance Two 5 GeV photon, 165 mm distance

5 GeV photon and 10 GeV pi-, 195mm5 GeV photon and 10 GeV pi-, 66mm
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Boson mass resolution in Hà γγ 

• Sample: ZH->2neutrinos + γγ  at 240 GeV
• Energy, position reconstruction and separation using simplified 

reconstruction method described above
• Crystal energy threshold: 2 MeV/50MeV
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BMR = 0.33% BMR = 1.3%
Threshold: 2MeV Threshold: 50MeV
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Dimension and cost
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obsoleted
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Dimension and cost
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Typical crystals (From Ren-yuan Zhu’s slides)
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