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Introduction

Cumulative effect — production of particles from nuclei in a re-
gion, kinematically forbidden for reactions with free nucleons.

@ 1957 — D.I. Blochintzev
Nucleus of target @ 1971 — A.M. Baldin

(P) @ 1971 — experimental
discovery of cumulative

effect by group of A.M.
‘gb Baldin and V.S. Stavinsky

Flucton a D.l. Blochintzev. In: ZhETF 33
P (1957), p. 1295.
b M.A.Baldin, Kratkie soobshche-
nia po fizike, 1971, No1, p35.
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Cumulative effect

Main features
@ Scaling law

@ Exponential dependence of inclusive cross section on the
cumulative particle momentum

@ Inclusive cross section decrease with emission angle
growth

@ Inclusive cross section decrease with cumulative number*
growth

*Cumulative number — number of participants.

a V.S. Stavinsky, Physics of Elementary Particles and Atomic Nuclei, 1979,
v.10
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Theoretical description of cumulative effect

Coherent quark coalescence

Fast quark fragmentation

x4 e TEE 2 T A £
jz : | ‘; .'r: )E 1-’2 3 ‘ ro 1’; r—2 p
i Lo ay ! ! 3
f e EA |z /(:E C f Vg o1 z
4 ' 1 4
s ; W = C o T
o ,ﬁ ﬁ c T e
C — < (&
Resonance mechanism of cumulative particles production
” A P g T Event generators:
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my B — HIJING, URQMD, FRITIOF
(a) (b) (c) model.

a Braun M.A, Vechernin V. V. //Sov. J. Nucl. Phys. 1984. v.40. , 1986. v.43, 1988. v.47 //J. Phys. G . 1990. v.16., 1993.

v.19.; //Phys.Atom.Nucl. 1997. v. 60., 2000. v. 63.

Motornenko A., Gorenstein M.1./2016. arXiv:1604.04308 [hep-ph]
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Area of interest

Development of a new detector system for experiments at fixed
target:

@ Investigations of cumulative spectra at the area of high
momentum (1.5 — 4 GeV/c)

@ Investigations of possible correlation in cumulative and non
cumulative regions

@ Investigations of heavy-flavour production in cumulative
processes
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Appraisal calculations

Calculation of cumulative particle yield

3o _ E d%0 E
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A — atomic mass;

N, —Avogadro constant;

p, t —target density, target thickness;
AP, AQ — setup momentum and
solid angle acceptances;

Nprot — total number of protons
passed through the target;

e — detector efficiency (here 100%);
Eﬁ%’ — should be taken from the ex-
perimental data;

N — number of registered particles at
the given momentum

a V.V.Ammosov et al.Yadernaya Fizika | Inzhiniring 4
(2013)773-778
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Inclusive cross section depends on
momentum as: b - exp(2);

Inclusive cross section weakly de-
pends on A;

Inclusive cross section depends on
emission angle as: a - exp(w - cos(6));
Target: 202 Pp, t=1mm;

Nprot = 106:

All parameters obtained from experi-
mental distributions ,

a V.S. Stavinsky, Physics of Elementary Particles and
Atomic Nuclei, 1979, v.10

b Y.D Bayukov, Phys.Rev.C, 1979, v.20, iss.2
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Results of the rough estimation of the
cumulative protons yield

10° protons — 1mm Pb target

Emission angle Total number

. Momentum, Total number
(degree) of cumulative protons GeV/c of cumulative protons
70+4 32+02 . 16i0”2
90 £4 0.3£0.02 2 E0£01). 107
1194+4 0.038 £ 0.003 1 a é7 T 0'05) 107
137+ 4 0.0121 £ 0.0009 . '
160+4 | 0.0053+0.0003 | Calculation of the cumulative

proton vyield in the angular

Calculation for the momentum range between 20° and 175°

range 1.5 — 4 Gev/c
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Simulations using FRITIOF model

FRITIOF+Geant4 simulation of momentum distribution in the back-
ward cumulative region for the reaction p+Pb for 10° protons in a
collision at 400 GeV/c.Target thickness 1mm.
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Project of the tracking system geometry

Selection of elements of the detector system

@ Detectors with high granularity,
efficiency and speed for the
tracks and vertices
recoconstruction, with low noise
for the rare events registration —
PIXEL DETECTORS

© Detectors for the particle
identification at low momentum
(up to 1.5 GeV/c) — STRIP

Structural Sandwich

il

T

T T T
jonization (gas, 1bar) Q)

DETECTORS T
ol cF, I {,,’;
Q _Compgct _detecto_r for the particle w St
identification at high momentum < w@ &

(up to 4 GeV/c) —RICH serogel radiaor

a Abelev B. et al.// J. Phys. G: Nucl. Part. Phys. 2014 v. liquid radiator /¢ GLipraenn 2010
41.i8 Y Y F M/f K/n separation >30 ]

b Lippmann C./Nucl. Instrum. Meth. 2012. v. A666.

required detector length (cm)

T muq
FETTY IRTRETTY

momentum (GeV/c)

T.Lazareva (SPbU) Detector for cumulative processes 05.07.2018 10/28



Project of the tracking system geometry

Preliminary geometry layout

3) Strip silicon detectors. Radii of layers(the
same as at Vertex Detector(4)):R =5, 10, 15,
20cm

4) Vertex detector;

5 - 6) Ring Imaging Cherenkov detector:
liquid radiator, R=25 cm; photodetector,

R=33cm.
Beam direction
1) Target; —_
2) Pixel detectors (based on ALICE ITS).Mean . —
radii of layers: R = 2.3, 3.1, 3.9 cm Pixel layers with numeration of the staves of

the first layer.

T.Lazareva (SPbU) Detector for cumulative processes 05.07.2018 11/28



CMOS* Monolithic Active Pixels Sensors

N-WELL PMOS NMOS
DIODE TRANSISTOR TRANSISTOR 511 double columns
Ves Ves A
| g fr et
p-well n-well n-well v e - -
deep p-well " deep p-well ‘: g gl g
pe £ X
= = =

epitaxial layer p-
substrate p**

@ Based on 180 nm TowerJazz HE
technology;

@ Size of pixel 30x30 pm; @ Priority Encoder readout
@ Matrix: 5121024 pixels; scheme.

*CMOS - Complimentary Metal-Oxide-Semiconductor

a ALICE Collaboration, Technical Design Report for the Upgrade of the ALICE Inner Tracking System, J. Phys. G: Nucl.
Part. Phys. 41(2014) 087002

b Jacobus Willem van Hoorne. Study and Development of a novel Silicon Pixel Detector for the Upgrade of the ALICE Inner
Tracking System. PhD thesis. CERN-THESIS-2015-255, 2015.
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Simulations and tests

The ALice Plxel DEtector (ALPIDE).

Parameter Inner Barrel Outer Barrel ALPIDE performance
Silicon thickness 50 pm 100 pum v
Spatial resolution 5 um 10 um ~5 pum (both 1B and OB)

Chip dimension

15 mm x 30mm

v

Power density

<300 mW/cm?

<100 mW/cm?2

<40 mW/cm?2(IB)
<40 mW/cm?(OB)

Event-time resolution

<30 ps

~2 us

Detection efficiency

>99%

v

Fake Hit Rate

106 hits/(pixel - event)

<1010 hits/(pixel - event)

TID radiation hardness* 700 krad 100krad tested at 500 krad
. 1013 31012
NIEL radiation hardness™* 5 5 v
(1 MeV neq/cm?) | (1 MeV neq/cm?)
*TID — Total lonizing Dose (with safety factor 10)
**NIEL — Non lonizing Energy Losses (with safety factor 10)
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Single detector setup

Detector characterisation tests in-
clude:
@ DAC tests;

@ Analogue/digital tests;

@ Threshold tests;
@ Noise tests;

* @ Tests with radioactive sources;
Detectors and carriers for the SPbU
were provided by the ALICE collabo-
ration. @ Beam tests
Saint-Petersburg laboratory is
equipped with setups for the detector Tests were carried out with four gen-
characterization tests, temperature erations of ALPIDE sensors in order
measurements and for the work in to rich the best performance and to
telescopic mode. find the optimal regime of work.

@ Temperature tests;
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Noise occupancy tests

Figures represent temperature dependences of fake hit rate on temper-
ature for the pALPIDEfs-3 (third generation) sample for Vbb = 0 V and
Vbb =-3 V.

Noise occupancy (Hits/Pixels/Events)

NB: sector 5 has stable behaviour!
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Particle tracking

Geant4 simulation of the first layer pixels response for the reac-
tion p+Pb for 10° protons in a collision at 400 GeV/c.
Target thickness 1mm. Magnetic field 1.25 TI.

Hits map Hits map

Hits map

3

Hits map
4
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Particle tracking

5 Hits map 6 Hits map 7 Hits map 8 Hits map

zareva (SPbU Detector for cumulative processes 05.07.2018 17/28




Particle identification at low momenta

Geant4 simulation of energy losses at the four layers of 150 ym
doublesided silicon strip detectors the reaction p+Pb for 10 pro-

tons in a collision at 400 GeV/c.
Target thickness 1mm. Magnetic field 1.25 TI.
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Conclusions

@ Experimental studying of cumulative effect can be an
instrument for understanding the characteristics of strongly
interacting matter

@ Compact detector system, proposed in this report, can be
used in modern fixed target experiments (NA61/SHINE
(SPS, CERN), BM@N (NICA, Dubna), etc.)

@ Preliminary results show good expectation for the proposed
detector performance

The author of this report from the SPbU acknowledges the sup-
port by the Russian Science Foundation research grant 16-12-
10176
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Conclusions

Thank you for your attention!
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Conclusions

Back-up slides
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Conclusions

The experiment of Baldin and Stavinsky
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The ALICE experiment

Detector for cumulative processes

006 0000000600000

'ACORDE | ALICE Cosmic Rays Detector
AAD | ALICE Diffractive Detector

DCal | Divet Calorimeter

EMCal | Electromagnetic Calorimeter

HMPID | tigh Momentum articie
dénticaion Detector

ITS-IB | Inner Tracking System - Inner Barrel
ITS-OB | inner Tracking Syster - Outer Barrel
MCH | Muon Tracking Chambers

MFT | Muon Forward Tracker

MID | Muon idenifier

PHOS / CPV | Photon Spectrometer
TOF | Time Of Fight

TO+A | Tzer0+ A

TO+C | Tzero s €

TPC | Time Projection Chamber

TRD | Transiton Raciation Detector

VO+ | Vzero + Detector

ZDC | zero Degree Calorimeter
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ALICE Inner Tracking System

Beam pips

Total:
> 24k chips

>11 m?
>12 GPixel
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Photon yield at RICH
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Conclusions

NA61/SHINE

~13m

Target+tLAVD
+Cumulative
tracker?

ToF-L

Vertex magnets

Target

Beam
Beam gy oo

PSD

V1 w1t S3
| ToF-R

BPD-3
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Full-scale Pixel Detector prototypes (PALPIDE -1,2,3)

A comprehensive scheme for the pixel front-end circuit
Including all possible variations

For pALPIDE-1,2
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T.Lazareva (SPbU) Detector for cumulative processes 05.07.2018 27/28



Study of the characteristics of full-scale Pixel Detector @-IEP%
SPoSU 2

prototypes Threshold Scan ALICE

The operational thresholds for a certain set of so-Hits/50 injections
detector’s pixels depending on the charge
delivered to the chosen pixels was determined
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Error function fit
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30

In order to extract threshold a number of charge
injections with different amplitude are performed
(50 points with 50 injections per point). A probability
distribution of fired pixels measuring a pixel responser
(S-curve) has been obtained.

20

T T

1200 100" 50 200 250 300
‘Seclor 0 Charge [¢]
100" Socor N - number of injections, p - threshold value
F Sectord o- temporal noise value (threshold dispersion)
8001~ din oot E —— Soctor0
o L 5 o 600~ Sector 1
Ceo0f I s E —— Sector2
x [ or £
& [ i 500 Soctr3 Temporal
400/ E 'ﬂ Sector 4 .
o 1 »400; ‘ Sector 5 noise values
[ 1 ?J “ Sector 6 -
200/ ! 2200 ]“I Sector 7 for the pixels
e B S T E \ for 8 sectors
0750100 150 200 250 800 850 400 200 !
Threshold [e] £
Pixel threshold distribution 100 A1)
for 8 sectors U 02 a6 18 20

Noise [e]

T.Lazareva (SPbU) Detector for cumulative processes 05.07.2018 28/28



	Introduction
	Cumulative effect
	Appraisal calculations
	Project of the tracking system geometry
	Simulations and tests
	Conclusions

