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Aerial view to NICA SPD experimental hall

SPD
Nuclotron

• Infrastructure development is ongoing:   modernization of power supply system,  upgrade 
of plants for liquid helium and nitrogen production,  construction of new buildings

• Plans for the SPD hall for this year:  complete work on the interior, make crane in operation 
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Range System 
(RS)

Electromagnetic 
Calorimeter (ECal)Vertex Detector 

(VD)
(PID) 

TOF or Aerogel

Straw Tracker 
(ST)
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Layout of  SPD

CDR of SPD, arXiv:2102.00442

Size of the detector is limited by 
its weight <1200 ton
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unloading zone

Ivan Moshkovskiy, Nikolay Topilin
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Assembling position 

• Primary assembling of detectors can be 
done in the unloading zone

• Overhead traveling crane with a 
maximum lifting capacity of 80 ton

• Assembling can proceed while MPD 
takes data

• Beam-line will be isolated from the 
assembling by concrete blocks (thickness 
2.3 m)

Beam position 

• Rail system to transport the setup to the 
working position

• During data-taking the experimental site 
will be isolated from the unloading zone

• Unloading zone can be used for electronic 
barracks, counting house and so on

~70 m

~3
0 

m
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Superconductive magnetic system of  SPD

• 6 isolated superconductive coils 
• Minimization of total amount of material

• Every coil consists of 60 turns of NbTi/CuNi cable 
with the 10 kA current 
• Total current:  60 × 10 kA = 600 kA·turn

• The same cable as used in Nuclotron magnets: 
hollow superconductor with the helium flows 
inside (~4 K)

• Similar cryogenic system as the one of Nuclotron

SC cable used for magnets of  Nuclotron

1T

Magnetic field [kG]6 coils of  SC magnet

3.7 m

Alexander Kovalenko → Dmitriy Nikiforov
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Production site for superconductive magnets of  NICA

• Vast experience in production of SC magnets
• 460 magnets to produce for NICA (buster + collider). 

~75% has been completed.
• Production of magnets for SIS100
• Full chain of cryogenic tests

• Prototype production for SPD can start at the end of next year
• Production for NICA will be finished next summer  ⇒  

1/2 of stand is unoccupied
• Option with external companies for magnet production is also 

considered
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SC coil location with respect to ECal

CDR version  /  A.Kovalenko
Coil cross-section is 20 cm x 20 cm 

Option for discussion /  D.Nikiforov
Coil cross-section is 40 cm x 20 cm 
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Vertex Detector (VD)

CDR version (end of  2020) (May 2021)

5xDSSD

2xDSSD+3xMAPS

Nikolay Zamiatin, Bogdan Topko



Vertex Detector (VD)
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• Inner tracking system of SPD:  barrel + endcaps

• Reconstruction of D meson decay vertices

• 5 layers = 2 DSSD + 3 MAPS

• Double Side Silicone Strip (DSSD), 300 μm 
thickness, strip pitch 95 μm - 281 μm

• Monolithic Active Pixel Sensors (MAPS) 
designed and produced for ALICE, pixel size 
29 μm × 27 μm

• Low material budget

• As close as possible to the beam pipe 5<R<25 cm

• Spatial resolution < 100 μm

• Use of MAPS improves the signal-to-background 
ratio of D meson peak by a factor of 3
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MC study:   DSSD compared to MAPS+DSSD

Conceptual design of the Spin Physics Detector 145

the corresponding uncertainty;

– the angle between the reconstructed momentum of the pK pair and the line segment connecting
the primary and secondary vertices;

The kinematics of the pK pair (the angular and momentum distributions) could also be used for discrim-
ination.

Figure 9.24 (a) presents the K�p+ invariant mass spectrum obtained as the result of such a selection for
the D0-signal in the kinematic range |xF | > 0.2 as an example for both variants of the VD after one year
of data taking. About 96% of the D0 ! K�p+ events were lost, while the combinatorial background
under the D-meson peak was suppressed by 3 orders of magnitude. The signal-to-background ratio for
D0 is about 1.3% for the DSSD configuration and about 3.9% for the DSSD+MAPS one. Improving
the signal-to-background ratio is the subject of further optimization of the selection criteria, as well as
the reconstruction algorithms. The corresponding statistical accuracy of the SSA AN measurement is
illustrated by Fig. 9.24 (b), where both signals, D0 and D0, are merged. Similar or even better results
(due to a larger ct value) could be expected for the charged channel D± ! K⌥p±p±.
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Figure 9.24: (a) K�p+ invariant mass spectrum after 1 year of data taking (

p
s = 27 GeV, |xF | > 0.2).

(b) Corresponding statistical accuracy of the AN measurement for the D0 + D0 mesons. The expected
Sivers contribution to the SSA is also shown.

Another way to improve the signal-to-background ratio is tagging the D-mesons by their origin from the
decay of a higher state D⇤ ! Dp . The complexity of this approach lies in the need for detection of the
soft pion (pp ⇠ 0.1 GeV/c).

One more possibility to reduce the background is the tagging a leptonic decay of the second D-meson in
the event via reconstruction of the corresponding muon in the RS. The corresponding branching fractions
(µ + anything) are 6.8±0.6% and 17.6±3.2% for D0 and D±, respectively.

D0 → π+ K-
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Spatial resolution for primary vertices
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Figure 9.6: (a) Accuracy of the primary vertex position reconstruction as a function of the number of
outgoing tracks for two configurations of the vertex detector. (b)Sketch of D0-meson production and
decay.
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Figure 9.7: (a) Accuracy of the D0-decay vertex reconstruction as a function of the D0 momentum. (b)
D0 peak width as a function of the D0 momentum.

etc. The accuracy of the D0-decay vertex reconstruction as a function of the D0 momentum is shown
in the Fig. 9.7 (a). The Gaussian width of the D0-meson peak in the K+p� mass spectrum determined
by the tracking accuracy (mainly by the momentum resolution) is 27.2 and 25.0 MeV for the DSSD and
DSSD+MAPS configurations, respectively. The constrained fit of the D0-decay, where the angle between
the reconstructed D0 momentum and the line connecting the primary and secondary vertices is forced to
be zero and the found vertex is included in the track fitting, reduces the width to 21.4 and 18.0 MeV. That
improves, respectively, the signal-to-background ratio by the factor of 1.3 and 2.4. The D0-peak width
obtained from the constrained fit as a function of D0 momentum is shown in Fig 9.7 (b). The impact of
the secondary vertex reconstruction procedure on our expectations for the asymmetries measurement is
discussed in Sec. 2.

The decays of relatively long-lived unstable particles like L0, K0, S� etc. occur mainly within the straw
tracker. The L0 ! p+p� peak is presented in Fig. 9.8(a) as an example.

1.4 Particle identification

The effective p/K/p separation is required first of all for such physics tasks as the open charm production
(identification of kaons form D±,0 decays, see Fig. 9.8 (b)); measurement of the SSA for charged kaons,
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etc. The accuracy of the D0-decay vertex reconstruction as a function of the D0 momentum is shown
in the Fig. 9.7 (a). The Gaussian width of the D0-meson peak in the K+p� mass spectrum determined
by the tracking accuracy (mainly by the momentum resolution) is 27.2 and 25.0 MeV for the DSSD and
DSSD+MAPS configurations, respectively. The constrained fit of the D0-decay, where the angle between
the reconstructed D0 momentum and the line connecting the primary and secondary vertices is forced to
be zero and the found vertex is included in the track fitting, reduces the width to 21.4 and 18.0 MeV. That
improves, respectively, the signal-to-background ratio by the factor of 1.3 and 2.4. The D0-peak width
obtained from the constrained fit as a function of D0 momentum is shown in Fig 9.7 (b). The impact of
the secondary vertex reconstruction procedure on our expectations for the asymmetries measurement is
discussed in Sec. 2.

The decays of relatively long-lived unstable particles like L0, K0, S� etc. occur mainly within the straw
tracker. The L0 ! p+p� peak is presented in Fig. 9.8(a) as an example.

1.4 Particle identification

The effective p/K/p separation is required first of all for such physics tasks as the open charm production
(identification of kaons form D±,0 decays, see Fig. 9.8 (b)); measurement of the SSA for charged kaons,
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Figure 9.22: (a) Expected uncertainty of the unpolarized cross-section Ed3s/d p3 measurement as a
function of pT . (b) Expected accuracy of the AN measurement for the prompt photons with pT > 4
GeV/c at

p
s = 27 GeV as a function of xF . The theoretical predictions are also shown.

(BF=3.95% and 9.38%, respectively). The momentum distributions for D± and D0/D̄0 produced in p-p3365

collisions at
p

s = 27 GeV are shown in Fig. 9.23(a). The difference between the red and blue curves3366

reflects the fact that the probability for the c-quark to hadronize into the neutral D-meson is 2 times higher3367

than into the charged one. Since the decay length ct is 311.8 and 122.9 µm, respectively, which is larger3368

than the spatial resolution of the vertex reconstruction, the VD allowing one to reconstruct the secondary3369

vertex of the D-meson decay is the key detector for the open charm physics at SPD. The distribution for3370

the spatial distance between the primary (production) and secondary (decay) vertices for D±/0 mesons is3371

presented in Fig. 9.23(b).3372
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Figure 9.23: (a) Momentum distributions for D± and D0/D̄0 produced in p-p collisons at

p
s = 27 GeV.

(b) Spatial distance between the production and the decay vertices for D-mesons.

We demonstrate the ability of the SPD setup to deal with the open-charm physics using the D0/D̄0
3373

signal. The following quantities can be used as selection criteria in order to suppress the combinatorial3374

pK background together with the kaon identification by the PID system:3375

– the quality of the secondary vertex reconstruction (c2);3376

– the distance between the primary and secondary vertices (spatial or in projections) normalized to3377

the corresponding uncertainty;3378

– the angle between the reconstructed momentum of the pK pair and the line segment connecting3379

the primary and secondary vertices;3380

Distance between production 
and decay vertex

cτ = 312 μm

cτ = 123 μm

σx

σz
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Straw Tracker (ST)
1.

7 
m

2.4 m

• Maximum drift time of 120 ns for ∅=10mm straw 
• Spatial resolution of 150 μm
• Expected DAQ rate up to half MHz (electronics is 

limiting factor)
• Number of readout channels ~50k
• Can be used for PID if energy deposition if detected

• Main tracker system of SPD
• Barrel is made of 8 modules with up to 30 

double-layers, with the ZUV orientation
• Endcaps are made of 12 double-layers with 

the XYUV orientation
• Vast experience in straw production in JINR 

for several experiments: NA58, NA62, NA64; 
prototypes for: COZY-TOF, CREAM, SHiP, 
COMET, DUNE.

straw for NA62

Temur Enik
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Straw Tracker (ST)

CDR version (end of  2020)
Layers 10x(ZUV)

z
u
v

• Majority of tubes should be oriented ⊥ to the 
bending plane

• Number of channels can be reduced by a 
factor of 3

• Less dead space due to covers & electronics

Conceptual design of the Spin Physics Detector 131
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Figure 9.5: (a) Expected resolution for the transverse momentum spT

/pT of muons with momentum
0.75, 1.5, 3, 6, and 12 GeV/c. (b) J/y peak from the dimuon decay.

tracks using the standard Runge-Kutta-Nyström method [478] modified by Bugge and Myrheim to carry
along the Jacobian matrix [479, 480].

The expected transverse momentum resolution spT
/pT for muons with different momenta for the max-

imal magnetic field 1.0 T at the beam axis is shown in Fig. 9.5(a). The corresponding resolution for
muons emitted at the polar angle q = 90� could be expressed as

sp/p
��
q=90� = 1.3%+0.1%⇥ p+0.003%⇥ p2. (9.1)

The width of the J/y peak shown in Fig. 9.5(b) is a good indicator of the tracking performance. The
SPD tracking system demonstrates the width at the level of 40 MeV. It is 1.5 times better than at the
fixed-target COMPASS experiment with the open setup (⇠ 60 MeV [481]) and much better than in the
fixed-target beam dump experiments like NA3 (80÷120 MeV [482]), COMPASS (⇠200 MeV [186]),
SeaQuest (⇠150 MeV [483]), which worked successfully on the study of the partonic structure of the
nucleon at the discussed energy range.

1.3 Vertex reconstruction

The only subsystem that defines reconstruction of primary vertices is the silicon vertex detector. Its im-
pact on the accuracy of the vertex reconstruction depends on the baseline (the radial distance between
layers), the amount of passed material producing the multiple scattering effects, and the spatial reso-
lution of the detector. The latter is a rather complex function of the number of fired strips (or pixels).
We estimate the effective spatial resolution of the DSSD layer as sf = 11 µm, sz = 23 µm, while the
resolution of the MAPS layer is sf ,z = 4 µm. sf here denotes the resolution in the direction perpen-
dicular to the beam line. The effective values are about two times smaller than the corresponding pitch
divided by

p
12. The amount of the material corresponds to 300 µm and 50 µm of silicon per one layer

of the DSSD and MAPS, respectively. Figure 9.6(a) shows the accuracy of the primary vertex position
reconstruction as a function of the number of outgoing tracks for two configurations of the vertex de-
tector: (i) 5 layers of the DSSD, (ii) 3 layers of the MAPS and 2 layers of the DSSD. In both cases the
accuracy becomes better with an increasing number of outgoing tracks, as expected. The DSSD+MAPS
configuration demonstrates a 1.5 times better precision.

The silicon vertex detector is also fully responsible for reconstruction of the decay vertices of short-lived
(ct < 1 cm) particles. We use the D0 ! K+p� decay as an example (see the sketch in Fig. 9.6 (b)),
but all the conclusions are also valid qualitatively for the decays like D+ ! K�p+p�, L+

c ! pp+K�

Momentum resolution vs pT

z
t
z
t

GeV/c

GeV/c
GeV/c

GeV/c



PID: TPC compared to Straw 
in respect of  the dE/dx analysis 

TPC of  MPD

Straw of  SPD

Inner pads:  S = 5mm x 12mm = 60mm2

Outer pads:  S = 5mm x 18mm = 90mm2
∅=10mm straw: S = 78mm2

∅=5mm straw: S = 20mm2

14

56
0

Maximum drift time 30 μs Maximum drift time 120 ns

π

K
p

MC simulation for Straw
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ST assembling procedure 
all will be done by hand

1 2

3 4
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multigap Resistive Plate Chamber could be used as base time detector. For example, the ToF-700 wall in
the BM@N experiment, placed at a distance of 8 m from the target, provides one the p/K separation up
to 3 GeV/c and p/K separation up to 5 GeV/c under the assumption that the time resolution of the start
timing detector is <40 ps.

Figure 4.36: Schematic view of the twelve-gap mRPC [407].

The design of the BM@N ToF-700 wall is based on experimental results obtained during multiple tests of
various modifications of the glass mRPC exposed in charge particles beam. The count rate for a standard
glass mRPC is limited to several hundreds Hz/cm2 due to the use of conventional float glass plates with a
bulk resistivity in the range 1012 �1013 W· cm. Therefore, the extension of the counting rate capabilities
of the mRPC has become an important issue.

One of the ways to increase the mRPCs performance at high rates is to use the low resistivity glass
(less than 1010 � 1011 W· cm) [408–410] or ceramics [411] as the electrode materials. For instance,
time resolutions below 90 ps and efficiencies larger than 90% were obtained for particle fluxes up to 25
kHz/cm2 for the 10-gap mRPC [412]. An alternative method is to reduce the glass stack resistance by
minimizing the used electrode thickness and increasing a temperature of the glass [413, 414]. It was
shown that such method can provide high time resolution at continuous rate up to 20 kHz/cm2 [415].

Schematic cross-section of the mRPC used at BM@N is shown in Fig. 4.36. It consists of two identical
6-gap stacks with anode strip readout plate in between. The size of mRPC is 473⇥279⇥17 mm3 with
the working area of 351⇥160 mm2. Each mRPC has 3210⇥160 mm2 readout strips with 1 mm gaps
between them.

Each stack is formed by seven glass plates with the 2 ⇥ 1012 W·cm bulk resistivity. The 0.22-mm gap
between the glasses is fixed by spacers – usual fishing-lines, which ran directly through the RPC working
area. The graphite conductive coating with surface resistivity of ⇠1 MW is painted to the outer surfaces
of the external glass plates of each stack to distribute both the high voltage and its separate ground to
form a uniform electrical field in the stack sensitive area. The anode readout strips plate is a one-sided
printed PCB with the thickness of 100 mm. The thickness of the copper layer is 35 µm. Signals are
taken from the both ends of the anode strips. The entire mRPC assembly is put into a gas-tight box.
The bottom of box is made of a double-sideed PCB (motherboard) with a thickness of 2.5 mm, the side
frame of the box is made of aluminum profile, the top of box is closed by the 1.5-mm aluminum cover.
The paper [416] presents the performance of the 12-gap mRPC in the range of the counting rate from

16

Plastic scintillator optionmRPC option

MPD NICA TDR TOF, Nov 2018, Rev 3.0

TOF MPD
Inspired by the TOF of  PANDA

TDR for the PANDA Barrel TOF, July 4, 2018

PID: Time-of-Flight (TOF)

TOF BM@N

Artem Semak, Evgueni Ladyguine

see CDR

~60 ps resolution 
Has to be improved by  a factor of 2



overlap azimuthally dire. Wide gaps in the horizontal plane are required for support structures for 

mounting the TPC.  

Each TOF module consists of a two separate volumes. The inner region is filled of the gas 

mixture and contains 10 MRPCs. The outer one contains the Front End Electronic (FEE) cards, 

cables, high voltage and gas plugs. The both boxes are made of the aluminum profile and 

honeycomb 5 mm thick. The same honeycomb panel with thickness of 10 mm is located between 

inner and outer volumes. It has special holes for the Interface Card (IC), which provides 

connection of signals from MRPCs to preamplifiers. Holes for gas connectors and the HV 

connectors are also provided at this panel. MRPCs are arranged inside the box as shown in Fig. 

3.7. Special aluminum fixators (Fig. 3.8) are used to set detectors to the desired position. 

Adjacent MRPCs will be positioned inside the module in such a way as to create an 

overlap of 1-2 readout strips between two adjacent MRPCs, at the edge of the active area: this will 

ensure the inter-calibration of the MRPCs via tracks traversing both of them. The signals from the 

pick-up strips on the MRPCs are brought to the front-end electronics (FEE) via the Interface 

Figure 3.7: Arrangement of MRPCs inside the gas boxes along the beam direction.

Figure 3.8: Fixing of MRPCs inside the gas box using special elements.

 22

17

Assembling room for the MRPC barrel of  MPD in JINR/LHEP

17
cm
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Mechanics issues of  the MRPC option for TOF/SPD

• To be removable, the diameter of the TOF end-cap  
must be smaller than the one of the magnet coil 

• Either large dead regions or conflict with coils

• MPD module has 17cm thickness radially → no 
space for another PID detector

Straw

Magnet

MRPC
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Aerogel counters for PID
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• Identification based on Cherenkov light 
radiation

• Range of π/K separation is a function of 
refractive index n

• The design follow closely the one of KEDR 
(Novosibirsk)

• Low light yield ~6 p.e.
• Can be used only in endcaps since there is 

more space and it is a region of higher 
momentum particles

no responsible for the moment
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PID analysis in SPD (π, K, p)
Conceptual design of the Spin Physics Detector 131
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Figure 11.9: Reconstructed mass vs. particle momentum for pions, kaons and protons.
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Figure 11.10: p/K (a) and K/p (b) separation power of the TOF system as a function of particle momenta
and emission angle.

Muons are identified in the RS. The system is expected to separate showers from strongly interacted2919

pions and muon tracks (using standard or machine learning techniques.) The main background are2920

muons from pion decays and pions that passed large distance in the RS. The pion decays result in a small2921

kink of charged track (about 2�), and the decay muon retains from 60% to almost 100% of the initial pion2922

energy. There is a possibility that a fraction of decay muons can be suppressed by search of a kink in2923

the tracker or by considering correlation between particle momentum and amount of material it crossed.2924

But the results in this section are based on a simplified model (gives a lower performance boundary). A2925

particle is identified as a muon based on the amount of material it passes in the active part of the RS, this2926

amount is given as a number of proton nuclear lengths (nl ). Two possibilities are considered: a particle2927

from the initial interaction and a muon from a pion decay (the pion must be from the initial interaction).2928

In the latter case, if pion decays in the RS, the amount of material is added for pion and muon.2929

It clear that higher running energies are preferable for physics with charmonia due to higher production2930

cross-section, stronger boost for pions and more energetic muons. All estimates in this section assume a2931

TOF
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Aerogel

π/K separation 

• Short tracks (R<1m) to be identified by 
straw up to 0.7 GeV/c

• Long tracks (R>1m) to be identified by 
straw+TOF up to 1.5 GeV/c

• tracks with p>1.5 GeV/c to be identified 
by aerogel



21

Electromagnetic Calorimeter (ECal)

• Purpose: detection of prompt photons and photons 
from π0, η and χc decays

• Identification of electrons and positrons

• Number of radiation lengths 18.6X0

• Total weight is  40t (barrel)+2×14t (endcap) = 68t

• Support structure will be made of carbon composite 
materials

• Total number of channels is ~30k

• 200 layers of lead (0.5 mm) and scintillator (1.5mm)

• Size of one sandwich:  4 × 4 × 40 cm3

• Moliere radius is ~2.4 cm

• 36 fibers of one cell transmit light to 6×6 mm2 SiPM

• Energy resolution is  ~5% / √E

• Low energy threshold is ~50 MeV

• Time resolution is ~0.5 ns

2×2=4 cells

40 cm

Conceptual design of the Spin Physics Detector 83
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Figure 4.22: (a) Total energy deposition in the calorimeter for the MIP obtained by summing up signals
from 16 cells while selecting 1-hit events. (b) Time resolution for calorimeter cell #11 is equal to 175 ps.
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Figure 4.23: Dependence of energy (a) and time (b) resolution for different calorimeter cells on the
number of photoelectrons (NPE).

of the calorimeter depend on the NPE as 1/
p

NPE.

Different conditions of light guiding were used in this 4-module calorimeter. These conditions included
forming reflective surfaces on the edges of the WLS, or using the fibers as U-shaped loops. Differences
in light guiding conditions lead to large variations in the NPE in the range between 1000 and 3000
photoelectrons per MIP for different cells. In terms of the amount of deposited energy, this corresponds
to 4000÷12000 NPE/GeV.

Information on the number of photoelectrons for each cell allows one to obtain dependence of energy
and time resolution on the NPE. The presented dependences of energy and time resolution are displayed
in Fig.4.23 and show that the limit for large values of the NPE is 6.2% and 197 ps for energy and time
resolutions, respectively.

6.8 Long-term stability

Temperature dependence of calorimeter stability was investigated using daily temperature variations in
the range of 18-22 °C. During the measurement of signals from cosmic ray particles over 5 days, signals
from LEDs of a 1-Hz frequency were also measured. Photodiode temperature is constantly monitored
using a high-voltage system. The voltage bias on photodiodes is corrected during a temperature mea-

Energy deposition of one cell for MIP

Oleg Gavrischuk
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Electromagnetic Calorimeter (ECal)

CDR version (end of  2020) Update (May 2021)

Conceptual design of the Spin Physics Detector 77

(a)

(b)
Figure 4.16: (a) Barrel and end-cap parts of the calorimeter. The holes of size 160 ⇥ 160 mm2 for the
beam pipe can be seen in the centers of the end-caps. (b) Schematic drawing of a cross-section of the
barrel part of the calorimeter. It is sectioned into 224 azimuthal sectors (8 sections, 28 cells per section)
with vertex a angle of 1.58�. All dimensions are in millimeters.
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• Barrel layout is sectorized
• Follow the MPD procedure for 

the frame & installation
• Radial size increased by 10 cm
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Electromagnetic Calorimeter (ECal)
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Electromagnetic Calorimeter (ECal)



RS barrel

25

• Purposes: μ identification, rough hadron calorimetry

• 20 layers of Fe (3-6 cm) interleaved with gaps for Mini 
Drift Tube (MDT) detectors

• Total mass ~800 t, at least 4λI

• The design will follow closely the one of PANDA

• MDT provide 2 coordinate readout (~100 kch)

•  Al extruded comb-like 8-cell profile with anode wires 
+ external electrodes (strips) perpendicular to the wires

Analog 
electronics

MDT detectors 
in 35 mm gaps

PANDA

Range System (RS)

92

Figure 4.33: Range System prototype (10 ton, 4000 readout channels) at CERN.

(a) (b) (c)
Figure 4.34: Demonstration of PID abilities: patterns for - (a) muon, (b) proton and (c) neutron.

flight distance for particles to 108 cm. The detectors will occupy a maximum radial thickness of 20 cm
between the coils and the Straw Tracker (see Fig. 4.1). Spatial constraint for the end-caps is weaker.
In this section, two technologies for the TOF and one for the Cherenkov aerogel counter are described.
The choice for the baseline option will be made after comparing the respective performances, costs and
availability of group which will be able to build the detector.

8.1 Time-of-flight system

The purpose of the time-of-flight (TOF) system is to discriminate between charged particles of different
masses in the momentum range up to a few GeV/c. A short distance of 108 cm between the collision
point and the TOF dictates the requirement for the time resolution of the TOF to be better than 70 ps. In

Results of beam tests of RS prototype (10 ton, 4k ch) at CERN

Guennadi Alexeev, Alexandre Sanartsev
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Range System (RS)

RS design with cable channels

cables

Barrel module
End Cap Disk

End Cap Plug

Weight of elements 
(with MDTs): 

• Barrel –  536,8 ton 
(Barrel module –  67,1 ton) 

• End Cap Plug – 20,54 ton 
• End Cap Disk – 108,22 ton 
     ______________________ 
     TOTAL : 794,3 ton

CDR version (end of  2020) (May 2021)

Under discussion
• End-cap disk&plug is replaced 

with sliding halves
• Radial size increased by 10 cm
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• Sliding end-cap halves are more 
convenient for long-term use

faster and safer to open
no need to disconnect cables

Motivation for the RS end-cap update

PANDA GSIALICE CERN

Belle II KEK
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Deflection of upper module 
downward under its own weight 

is about 2 mm
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RS assembling procedure

1 2

3 4
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 MCP

Beam pipe

Detectors for local polarimetry 
and luminosity control

Scintillator tiles

• BBC (MCP+SciTil) at z=±1.4m
• MCP at z=±3.9m
• ZDC at z=±12.9m

12895

 MCP

Beam-Beam 
Counter (BBC)
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• BBC consists of inner and outer parts
• Inner part: Micro-Channel Plates 

(MCP) located outside the beam pipe 
in its own vacuum volume. Excellent 
time resolution.

• Outer part: plastic scintillator tiles 
with SiPM readout. Time resolution 
of 0.5 ns.

Scintillator tiles  MCP

Beam pipe

BBC MCP

SPD setup

Beam Beam Counter (BBC)

z = ±1.4 m

z = ±3.9 m

pp-elastic

Vladimir Ladygin, Anton Baldin
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• ZDC will be integrated in the cryostat 
placed between two vertically 
deflecting magnets, 13 m from IP

• Sampling calorimeter with fine 
segmentation, 5x5 matrix

• SiPM light readout, about 1000 
channels

• Readout based on electronics designed 
for the DANSS neutrino experiment at 
Kaliniskaya NPP

• Time resolution ~150 ps 
• Energy resolution for neutrons 

• 50÷60% / √E ⊕ 8÷10%
• Neutron entry point spatial resolution 

10 mm
• The main issue to solve: how to place 

the detector in vacuum cryostat of 
accelerator

• We need MC simulation!

Zero Degree Calorimeter (ZDC)

Absorber Scintillator SiPM

EM part
Hadron part

Front view
scint. 5×5

Igor Alekseev
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Conclusions

• SPD (Spin Physics Detector) is a universal facility with the primary goal to 
study unpolarized and polarized gluon content of p and d 

Almost 4π coverage of acceptance
Tracking by silicon vertex detector (VD) and  straw tracker (ST)
PID by TOF, Aerogel counters and dE/dx in ST
EM calorimeter for e± and 𝛾 identification 

Range system for the muon identification and rough hadron calorimetry
Local polarimetry and luminosity control

• Magnetic system is an open issue for today
Superconductive magnet:  either solenoid or isolated coils
 If built in JINR, it has to be the isolated coils
Inside or outside ECal
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backup slides
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Assembling position with 
open end-caps of RS

Working “beam” position 
with closed end-caps of RS



Two options for TOF (pros & cons)

MRPC SciTil

sophisticated production procedure assembling is fast and easy

requires gas flow, HV (trips) easier to maintain (no gas, only LV)

takes radially 17cm (MPD), no way for Aerogel can be squeezed within ~6cm, space for Aerogel

rectangular shape, large size (inconvenient for round 
end-caps)

small tile ⇒ can fit cylindrical shape

rad. length ≈ 0.14X0  (MPD) rad. length ≈ 0.02X0

σt is independent of lstrip σt drops exponentially with ltile

S = pitch x length = 1.25cm x 40cm = 50cm2 
Nchannel ≈ 10k

S = pitch x length = 2.9cm x 9cm = 26cm2 
Nchannel ≈ 20k

not sensitive to radiation sensitive to radiation

well established technology (MPD, BM@N) requires R&D

👍

👍

👍

👍

👍

👍

👍

👍

👍
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• Both options are able to provide the resolution of ~60ps

• Applying different options for barrel and end-caps will double expenses/efforts for: 

DAQ, Power supply, Slow control, calibration & analysis 
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TOF/MRPC barrel Aerogel only

TOF/plastic + Aerogel TOF/plastic + Straw expansion

Summary: options for PID (TOF, Aerogel, Straw)

• Module takes 17cm radially (no place for other PID detector)
• Choice for TOF end-caps is still opens

• Module takes 17cm radially (no place for other PID detector)
• Missing timing measurements in barrel

• The same choice of TOF for barrel and end-caps
• Lower thickness → lower efficiency for Aerogel

• The same choice of TOF for barrel and end-caps
• Improvement of dE/dx via increasing straw layers by 10

Aer
og

el

Magnet

Straw

TOF/MRPC

TOF/SciTil

Magnet

Straw

TOF/SciTil

Magnet

Straw

TOF/SciTil

Aer
og

el

Magnet

Straw

TOF/SciTil
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Plastic scintillator option for TOF/SPD

Brackets for fixation

Alignment of tiles without dead zones

• Vtile = 9cm x 3cm x 0.5cm = 13.5 cm3

• ρtile = 1.032 g/cm3   →    mtile = 13.9g

• mbarrel = 7.3k x 13.9g = 101kg
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Unloading zone of  MPD
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Data Acquisition System (DAQ)

SPD Detectors
Frontend cards (~700k channels)

SPD Experimental Hall

FPGA
UDHsw

FPGA
UDHsw

20 Data Links
(1 GB/s)

20 Readout
Computers
20 x 25Gbps
Ethernet Links

NICA
White Rabbit

TCS

TCS Controller:
- Reference Clock;
- Time Stamps;
- Bunch Crossing (??)

TCS

TCS

TCS TCSIPBUS
IPBUS

IPBUS

IPBUS

IPBUS

Supervisor Computer:
- IPBUS Server;
- Config Server;
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Table 8.1: Required SPD computing resources

CPU [cores] Disk [PB] Tape [PB]
Online filter 6000 2 none
Offline computing 30000 5 9 per year
Cost estimate [kUSD] 4000 8000 4500 per year

The effective use of these computing resources may provide a significant improvement in offline data
processing. However, the offline software should be capable to do it by taking advantage of concurrent
programming techniques, such as vectorization and thread-based programming. Currently, the SPD
software framework, SpdRoot, cannot use these techniques effectively. The studies of the concurrent-
capable software frameworks (e.g. ALFA [474], Key4Hep [475]) are needed to provide input for the
proper choice of the offline software for Day-1 of the SPD detector operation, as well as a dedicated
R&D effort to find proper solutions for the development of efficient cross-platform code.

A git-based infrastructure for the SPD software development is already established at JINR [476].

5 Resource estimate

For the online filter we assume the CPU consumption of 1000 SPD events/core/second. This requires
3000 cores simultaneously for the fast tracking. Taking into account additional expenditures to the event
unscrambling and data packing and including a real efficiency of CPU which will be lower than 100%,
one derives the CPU resources for the online filter as 6000 CPU cores. This number sets the upper limit
and the required computing power may decrease substantially if an efficient way to use GPU cores is
implemented for the event filtration. As for the data storage, a high performance disk buffer of 2 PB
capable to keep data of about one day of data taking is needed.

For the offline computing, the data storage is determined by the data rate after the online filter, or 4
PB/year of raw data. Besides that, we may expect the comparable amount of simulated data and estimate
the long term storage as 10 PB/year, assuming two cycles of data processing and possible optimization
of the data format and data objects to be stored permanently. We assume that a half of the annual data
sample (⇠5 PB) is kept on disk storage, and the rest is stored on tape. The CPU power necessary to
process the amount of data like this and to run Monte-Carlo simulation is estimated as many as 30000
CPU cores. The summary of computing resources is given in Table. 8.1. The cost estimate is conservative
and will be defined more exactly in the TDR, when detailed hardware solutions and their actual price in
the market will be considered.

The burden of the SPD computing system operation is a subject of sharing between the computing centers
of the participating institutes.


