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NA61/SHINE experiment at CERN SPS

NA61/SHINE is a multi-purpose fixed-target 
experiment located at CERN SPS accelerator

 hadron beams (π, Κ, p) @ 
13-400 GeV/c

 ions beams (Be, Ar, Xe, Pb) @ 
13A-150A GeV/c

NA61/SHINE facility: arXiv:1401.4699

https://arxiv.org/abs/1401.4699
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NA61/SHINE research programme

Strong interactions physics:
 study of the properties of the onset of 

deconfinement
 search for the critical point of the 

strongly interacting matter

as well as
 measurement of hadron production 

for neutrino programmes
 measurement of nuclear 

fragmentation cross-sections for 
cosmic-ray physics
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Upgrade of NA61/SHINE detector during LS2

New trigger and data 
acquisition system, including 
Beam Position Detectors
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Beam Position Detectors at NA61/SHINE

Beam Position Detectors (BPD-1,2,3) provide position and charge measurement 
of the incoming beam particles during the data taking.
The upgrade of BPDs is necessary
 to work efficiently both with hadron and heavy ion beams with beam 

intensity on the level of 100 kHz
 to minimize the detector material on the beamline
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First solution: scintillating fiber detector

 two perpendicularly arranged 
ribbons to measure the position 
in XY plane

 each ribbon consists of two layers 
of green-emitting round 
scintillating fibers ∅250 𝜇𝜇𝑚𝑚
(Saint-Gobain BCF-60)

 the layers are shifted by 125 µ𝑚𝑚
 readout is done by multianode 

photomultiplier (Hamamatsu 
H9500)

30 mm

https://www.crystals.saint-gobain.com/products/scintillating-fiber
https://hamamatsu.su/files/uploads/pdf/1_%D1%84%D1%8D%D1%83_%D0%B8_%D0%BC%D0%BE%D0%B4%D1%83%D0%BB%D0%B8/%D1%81%D0%BF%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%84%D1%8D%D1%83/%D1%81%D0%B1%D0%BE%D1%80%D0%BA%D0%B8/ma/h9500_h9500-03_tpmh1309e.pdf
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First solution: scintillating fiber detector

 for classic fiber-by-fiber readout from both ends of 
each ribbon 120 x 4 x 2 = 960 ch. is necessary

 grouping of scintillating fibers was applied in order 
to reduce number of used channels on the PMT

 at one end of the ribbon fibers are read together 
in groups of 12 contiguous fibers

 at other end of the ribbon the 1st (2nd and so on) 
fiber of each group are read together as set

 beam particle crossing the ribbon generates signal 
at both ends allowing to identify precise position

 with grouping method only 88 ch. instead 960 ch.
for single XY detector!

D. Lo Presti et al 2013 JINST 8 P04015 (INFN patent) 
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First solution: scintillating fibre detector

The prototype of the detector has been manufactured and tests are in progress



Single layer (one axis):
 single-sided SSD (Hamamatsu S13804)

 flex PCB
 mechanical frame
 2 high density connectors Xavax 104
 2 high density feedthrough Xavax 104
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Second solution: single-sided silicon strip detector

SSD Flex PCB

Aluminum support
Optical square for precise positioning 

High density connectors and 
vacuum feedthrough

Vacuum flange

μm
μm

https://www.hamamatsu.com/eu/en/product/type/S13804/index.html
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Second solution: single-sided silicon strip detector

 there is no ready solution for 
readout and amplifiers on 
market

 a new set of electronics was 
designed with off-the-shelf 
components only

 prototype was fitted with 
scale-changing circuitry to 
operate at both hadron and 
heavy ion beams
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Second solution: single-sided silicon strip detector

320 mm

6-way cross

X layer Y layer

32
0 

m
m

 beam installation:
 6-way cross 
 2 layers inserted: one from 

top and one from side
 connected to the beamline 

(detector operates in the 
vacuum)

 mounting fixtures are offset, so 
the beam would hit the middle 
detector’s sensitive area (200 
center channels)

 amplifiers outside of the vacuum 
for hadron and heavy ion beams

 HDMI connection to the readout
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Second solution: single-sided silicon strip detector

The detector has been manufactured and first data was taken 
during the test period at CERN and is currently analyzed
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Summary

 the development of new beam position detectors is a crucial 
part of the upgrade of NA61/SHINE detector

 two new kinds of beam position detectors are prepared and 
being currently tested:
 scintillating fiber detector with a multi-anode 

photomultiplier readout, which is built of two 
perpendicularly arranged ribbons, each consisting of two 
shifted layers of green-emitting scintillating fibers with a 
diameter of 250 µm

 detector based on the single-sided silicon strip detector 
(Hamamatsu S13804) with custom-made readout 
electronics



Thank you for your attention!

All comments and questions are very welcomed:
yuliia.balkova@cern.ch
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Backup
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Fibers properties
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PMT properties I
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PMT properties II
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SSD properties I
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SSD properties II
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