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Beam defining counters
Beam defıned as 5mm diameter or 
10x10mm2 according to combination of 
coincidence of beam counters

DUT: Detector Under Test
• 1.5m long HF-PPP fibers + MCP-PMT/PMT
• 2.5m long HF fiber bundle + MCP-PMT
• 12cm Polymicro fiber bundle + MCP-PMT
• 8cm Polymicro High NA fiber bundle + MCP-PMT
• 12cm Polymicro fiber array(7x7) + MCP-PMT

TRS: Time Reference System
SB1-2: MCP-PMT + Qbar doublets (two 5x5x100mm3), 45o to the 
beam 
TRC: MCP-PMT + Qblock (12x12x25mm3)/UVT Plexi (12x12x20mm3), 
Head on

QFib Test Beam Setup



• 100, 120, 140, and 180 GeV pion beams were 
available.
• Mainly 180 GeV pion beam was used.
• In total, 57 Runs and 29 Scans were taken.
• More than 61.5 Million events were taken.

• TRS calibrated with the scans.
• Attenuation and time resolution in the different fibres 

were investigated

Data Taking Conditions



Apparatus: Quartz Bars and Block + MCP (KATOD)
 - 2 (identical) Slant (45o) Bars (SBL-R) 
 - 1 Head-on Block (0o) Time Reference Counter (TRC)

Time Reference System (TRS)

TRS consist of three quartz Cherenkov counters

Trigger 
Scintillator
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Time 
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Straight Bar
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Straight Bar
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Measuring simultaneously  ToF between each pair of the 3 counters, in hypothesis 
of independent measurements (no covariance): 
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time resolution for each counter can be obtained. 
After calibration the TRC (was/can be) used with DUTs

Detector Under 
Test



Module Type Core (µm) Clad (µm) Buffer (µm) OH−(ppm)

PPP-HF FSHA Silica (300) Polymer (320) Acrylate (345) ∼700

“ ” FIA Silica (200) F-Silica (240) Acrylate (500) <1

“ ” IN Silica (300) F-Silica (316) Polyimide (345) ∼1200

HF FSHA Silica (600) Polymer(?) (630) Acrylate (800) ∼500

200m roll JTFLH Silica (600) Polymer(?) (630) Acrylate (950) ∼???

High NA FSU Silica (330) AF(Teflon) (350) ??? (400) ∼???

List of available fibers and dimensions

For PPP-HF module:
FSHA- and FIA-type manufactured by Polymicro Inc. (USA)
IN-type fibers manufactured by INFOS (Russia)
For HF modules:
FSHA-type manufactured by Polymicro Inc. (USA)
We are also testing plastic clear fibers’ bundles (from Kuraray)
Assemblies of fused silica bars and rods (from HERAEUS) will be tested soon 
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Polymicro (MOLEX) Fibers tested
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3.2 Test beam results 5

Figure 3: Q-Fib test-beam Fiber Assemblies: “Short Segment” Configurations: Bundles and
Arrays

3.2.5 Results of test-beam measurements117

During the Q-Fib test-beam runs in 2022 and 2023, at the H8 beam line in the SPS North118

Area, we concentrated on re-assessing basic properties of the fused-silica fibers used for the119

HF calorimeters and their prototypes, including timing properties that complete earlier (pre-120

limilary) studies, and attest of the optimal time resolution of large-scale quartz Cherenkov de-121

tectors, when integrated with state-of-the-art photodetectors (MCP-PMT) and high resolution122

waveform digitizing techniques. We investigated in detail the behaviour of short segments of123

HF fibers (Polymicro FSHA600630800) optically coupled with KATOD UFK-5G-2D MCP-PMT,124

in comparison with quartz bars (5x5x100mm3), whose response is not affected by packing fac-125

tors and “dead” materials as in fibers’ assemblies. One well known and important factor in126

the efficiency of these types of detectors for MIP is associated with the inclination of the bar127

(bundle) with respect to the incident particle.128

3.2.6 Angle dependence129

The Cherenkov photons associated with a (charged) particle are emitted in a cone of half-angle130

q, such that cosq = 1/(nb), where b is the particle’s speed v, divided by c, the light speed in a131

vacuum. For n ⇡ 1.47, and b ⇡ 1, q ⇡ 47�, and therefore, for a bar inclined by 47�, with respect132

to the direction of the particle, part of the photons will reach the photodetector in a straight133

line, which will improve the response, as these photons are not affected by multiple internal134

reflections, and hit the quartz-window.135

Interface of the MCP-PMT at almost 90�, therefore without risk of being reflected back. These136

angular properties of Cherenkov light emission, propagation and collection are illustrated in137

Fig. 4, showing the results of a scan of the inclination (in the horizontal plane) of a short seg-138

ment array of (nxm) FSHA fibers, with respect to the beam line, passing through the central139

position of the fiber array. The signal amplitude (MPV) is practically stable at angles lower140



Optical Inspection

Polymicro JTFLH600630950 
• Thanks to R. Stefanovitch, fibers were cut by 12 cm 
• Thanks to Buse Duran, all fibers were polished by hand
• brought together in different configurations 
• Array or Bundle



7x7 12cm Polymicro Fiber (SSHF- Array)
JTFLH600630950
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Angle ScanConditions for 12th Scan;
- 7x7 12cm Poly-Micro Fiber with Si-pad
- SSHF- Array 
- Fiber stands 5.5 cm and 7 in a row.
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12cm Polymicro Fiber (SSHF- Bundle)
JTFLH600630950



Angle Scan
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SSHF- Bundle
• Fibers are more compact and more fibers 

were broth together, so the amplitude is 
higher than the fiber array 

For both cases (fiber array or bundle), 90degree 
configuration could not be read out because of the critical 
angle. Created Cherenkov photons go out from the fiber. 





Angle ScanHigh NA- Bundle
• 74 x 8 cm HNA fiber bundle
• Using same HV and MCP, amplitudes are better than other fibers. 

Even though effective thickness slightly small than the other 
types!!!

Even 90-degree configuration gives very good results!!!!
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S22 & S23

Short Segment HF like Fiber 
(SSHF) Bundle
JTFLH600630950

High NA Fiber Bundle
FSU330350400

VS
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High NA- Bundle
• 74 x 8 cm HNA fiber bundle
• Length Scan at 45 degree
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Amplitude of the HNA fibres is quite stable along the full-length (8cm)
And time resolution varies between 20 -30 ps 



Beam

SB2

SB1

180 GeV Pions

TRC – With 12x12x25mm3 QBlock

DUT FibersMCP-PMT

Timing measurement was performed using 
both short and long fibers for different 
distances and angles to the photodetector.

For the High NA fiber time resolution, we 
obtain ~26 ps. (Next page)

Analysis still on going.

DUT Setup



PPP (HF PreProduction Prototype) Fibre bundle 

With MCP-PMTWith Hamamatsu R7525

1.5 m long PPP fibers attached 
to the different PMTs



• Different photodetectors : MCP-PMT, R7525 PMT
• Timing measurement using 1.5 m long fibers at 

different distances to the photodetector.

Time resolution of HF-PPP fiber 20 cm away from the photodetector   
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Measurements with HF-PPP Fibers
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Time resolution of HF-PPP fiber 20 cm away from the photodetector 
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180 GeV Pions

TRC – With 12x12x25mm3 
QBlock

6x5 2.5 m long
Polymicro
HF Fibers
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3.2 Test beam results 7

Figure 6: Propagation time: HF Long Fiber Bundle

3.2.9 Fiber attenuation154

The optical attenuation of fibers is typically expressed in terms of db/km; for FSHA fibers con-155

sidered here, an exponential fit to MPV amplitudes at different points along the fiber (Fig. 7),156

gives a length of attenuation: latt ⇡ 1/(8.34x10�4) ⇡ 12m. The attenuation scales as a(l)(D/Do)b(l)157

where D is the accumulated dose, and it is normalized by a reference dose (Do =100MRad) for158

convenience. For example, at 450nm at the accumulated dose of D =100MRad, the induced159

attenuation a is ⇠ 1.5 dB/m. The a and b parameters characterize the radiation hardness of a160

given fiber. For high OH- (300–500 ppm) HF fibers at 450nm, a ⇡ 1.3 and b ⇡ 0.3[ [1]– [1]]. An161

accumulated dose of 1Grad will result In a loss of optical transmission by a half, which is the162

worst case for HF after a decade.163

Figure 7: Fiber attenuation: HF Long Fiber Bundle

3.2.10 Time resolution164

The time resolution st of the long FSHA fibers was measured at few positions along the length165

of the fiber (Fig. 8).166
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3.2.10 Time resolution164

The time resolution st of the long FSHA fibers was measured at few positions along the length165

of the fiber (Fig. 8).166



8

Figure 8: Time resolution measured at different positions along the fiber length

3.2.11 Details of st167

The time resolution st was studied in detail in vicinity of the MCP-PMT, and at the far end of168

the fibers (Fig. 9).169

Figure 9: Time resolution st: (left) in vicinity of the MCP-PMT; (right) at the far end of the
fibers

3.2.12 Summary of st for long fibers170

The global information on the time resolution st measurements is summarized in Fig. 10, where171

the measurements at different positions along the fiber (Fig. 8) are shown together with mea-172

surements (left) in vicinity of the MCP-PMT and (right) at the far end of the fibers (Fig. 9)173

3.2.13 Interim conclusions174

High precision measurements of FSHA fibers have checked their principal characteristics, in175

full agreement with manufacturer specifications. In addition high resolution measurements of176
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the measurements at different positions along the fiber (Fig. 8) are shown together with mea-172

surements (left) in vicinity of the MCP-PMT and (right) at the far end of the fibers (Fig. 9)173

3.2.13 Interim conclusions174

High precision measurements of FSHA fibers have checked their principal characteristics, in175

full agreement with manufacturer specifications. In addition high resolution measurements of176

Time resolution along the 2.5 m HF fiber bundle 


