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𝓛 = 𝒄𝒎−𝟐𝒔−𝟏 

key parameter of collider  



Fixed target luminosity 

Nt - the number of target atoms in volume  
   through which the beam passes 
Nbm - numbers of particles per burst 
 f   - repetition rate 
 𝐒 - transverse beam area 
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𝓛 =
𝐍𝐛𝐦𝐍𝐭𝐟

𝐒
 



Fixed target luminosity 
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𝓛 = NbmNA
ρ g cm3 lt см

At
f  

Example 

Nuclotron  𝐟 = 𝟎. 𝟏 1/s 

𝐀𝐭 = 𝟐𝟎𝟖 (Pb) 
𝐥𝐭 = 0.1 cm 
𝐍𝐛𝐦= 𝟏𝟎𝟏𝟎  

𝓛 = 𝟑. 𝟑 ∙ 𝟏𝟎𝟑𝟎 𝒄𝒎−𝟐𝐬−𝟏 



Time structure of AuAu collisions at NICA 

Basic parameters (for 𝐒𝐍𝐍 = 𝟏𝟏 𝐆𝐞𝐕 ) 
 
1. Length (perimeter) of the ring        𝐋 = 𝟓𝟎𝟑, 𝟎𝟒 𝐦 
2. Number of bunches                     𝐍𝐛 = 𝟐𝟐 
3. R.M.S. of particles in a bunch       𝛔𝐳= 𝟎. 𝟔 𝐦 
4. Time between bunches             𝐭𝐛−𝐛 ≅ 𝟕𝟔. 𝟐 𝐧𝐬  
5. Time of single interaction bunches  ∆𝛕𝐛𝐛 ≤ 𝟔𝛔𝐳 𝟐𝐜𝛃 ≅ 𝟔 𝐧𝐬 
6. Revolution frequency                  𝐟𝐫 ≅ 𝟎. 𝟓𝟔 ∙ 𝟏𝟎𝟔 𝐇𝐳 
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Time structure of AuAu collisions at NICA 

Collision  parameters (for 𝐒𝐍𝐍 = 𝟏𝟏 𝐆𝐞𝐕 ) 
 
1. Cross section for minimum bias event 𝛔𝐀𝐮𝐀𝐮 ≈ 𝟔. 𝟐 𝐛  
2. Max Luminosity                          𝓛 = 𝟏𝟎𝟐𝟕𝐜𝐦−𝟐𝐬−𝟏  
3. Counting rate                             𝐑 = 𝟔𝟐𝟎𝟎 𝒔−𝟏 = 𝓛 ∙ 𝛔𝐀𝐮𝐀𝐮 

Scattering probability for a single crossing of bunches 

𝐰𝟏 =
𝐑

𝐟𝐫𝐍𝐛
≈ 𝟓 ∙ 𝟏𝟎−𝟒 

Admixture  of  pile up events  for  𝒕 ≤ 𝟏𝟎𝟎 𝒏𝒔 

                < 𝟏𝟎−𝟒  negligible 
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 Favorable conditions for creating 
 a “luminosity detector" 

 
 

 Topology of Au + Au collisions when in a cone 𝜽 ≤ 𝟒𝟎 along 
both beams many spectators are flying (𝑬𝒔 ≈ 𝑬𝒃= 𝟓. 𝟓 𝐆𝐞𝐕) 
( 𝐀𝐮 )𝟕𝟗 ). Convenient for trigger. 

 Long time between neighboring collisions. No overlapping 
events. 

 The role of scattering on the residual gas is small. 
 Low counting rate. 

 Small energy.  
  Large asymmetry of events. 
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set-up view 
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front view of the detector  
(one shoulder)  

ion guide made of 
Be or Al 1mm thicknes 
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 one plane of detector 

The  plane consists of  𝟏𝟎𝟎𝐱𝟏𝟎𝐱𝟏𝟎 𝐦𝐦𝟑 plastic 
scintillator strips viewed from both sides with 

silicon photomultipliers  (SiPM) 
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Detector operating conditions  𝐒𝐍𝐍 = 𝟏𝟏 𝐆𝐞𝐕  

Energy loss spectrum in the scintillator 

 Spectator energy 𝐄𝐒 ≈ 𝟓. 𝟓 𝐆𝐞𝐯 𝐜  

Simulation 
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Detector operating conditions  𝐒𝐍𝐍 = 𝟏𝟏 𝐆𝐞𝐕  

strip occupancy (per 4 strips) 

𝑛 6 =
1.88

4
= 0.47 

 
𝑛 1 =

3.4

4
= 0.85 

Simulation 
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 Vertexes distribution.  
Maximum for interaction vertexes distribution.  

distribution of interaction vertices along the collision axis 

simulation Z. Igamkulov at al., Phys. of Part. and Nucl. Lett., 2019,  16, p. 744 

without focusing 

particles in bunches 
 𝝈𝒛.𝒃 = 𝟔𝟎 𝒄𝒎 

Vertexes  

𝝈𝒛,𝑽 = 𝝈𝒛,𝒑 𝟐 =𝟒𝟐. 𝟑 𝒄𝒎  
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Using the detector for setting the 
convergence of the collider beams. 

  

1. selection of collider parameters providing the most accurate 
hitting of beams into each other; 

2. selection of collider parameters that optimize the transverse 
profile of colliding beams; 

3. selection of collider parameters that optimize the 
longitudinal position of the interaction vertex and the 
longitudinal size of the bunches. 

two observables  
 the first one is the counting rate 
 the second one is the distribution of interaction vertices 
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Time of Flight for Left and Right Shoulders  

𝐓𝐋 𝐑 = 𝐦𝐢𝐧 𝐓𝐋 𝐑 , 𝐢  

𝐓𝐋 − 𝐓𝐑 ≤ 𝟏𝟎 нс 

Trigger 

Efficiency  

𝛆 = 𝟎. 𝟖𝟐 

Efficiency = Detected/Prodused 
DCM-SMM (M. Baznat, A. Botvina,  G. Musulmanbekovc,  

V. Toneev, V. Zhezherc, //arXiv:1912.09277 [nucl-th], 2019) 
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Background. Residual gas 

 Сoncentration of atoms in the residual gas  
90% — 𝐇𝟐; 5%  —  𝐂𝐎; 5%  —  𝐂𝐎𝟐; 
 𝐩 = 𝟏𝟎−𝟖Ра ; 𝐓 = 𝟐𝟗𝟑; 𝐒𝐍(𝐀𝐮),𝐍(𝐆) ≅ 𝟑. 𝟓 𝐆𝐞𝐯 ,  

𝐓𝚺 𝐧𝐬 = 𝐓𝐋 + 𝐓𝐑 𝐓𝚺 𝐧𝐬 = 𝐓𝐋 + 𝐓𝐑 

𝐁 𝐒 < 𝟏. 𝟎 ∙ 𝟏𝟎−𝟓  -counting rate. 

𝑩 𝑺 = 𝟎. 𝟔 ∙ 𝟏𝟎−𝟑  - scattering rate. 

Signal 
Background 
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The possible strategy 

the Vernier scan or Van der Meer scan  

to measure the beam size by displacing the 
two beams against each other 

at RHIC and  LHC the  Van der Meer scan  is 
commonly accepted procedure  for calibration  
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the counting rate 

𝐑 = 𝓛𝛔 

𝓛 𝛅𝐗, 𝛅𝐘 = 𝐟𝐫 ∙ 𝐍𝐛 ∙
𝐍𝐋𝐍𝐑

𝐒𝐞𝐟𝐟 𝛅𝐗, 𝛅𝐘
 

𝐍𝐋, 𝐍𝐑-number of the beam ions in the left and right bunches 

without focusing case 

𝓛 𝛅𝐗, 𝛅𝐘 = 𝐟𝐫 ∙ 𝐍𝐛 ∙
𝐍𝐋𝐍𝐑

𝟒𝛑𝛔𝐱𝛔𝐲
𝐞𝐱𝐩 −

𝛅𝐗𝟐

𝟐𝛔𝐱
𝟐

∙ 𝐞𝐱𝐩 −
𝛅𝐘𝟐

𝟐𝛔𝐲
𝟐
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Vertex position 

RS LS 
L L 

z 
𝐋 − 𝐳 𝐋 + 𝐳 

𝐓𝐋 =
𝐋−𝒛

𝐜𝛃
 ; 𝐓𝐑 =

𝐋+𝒛

𝐜𝛃
;  𝛕 = 𝐓𝐑 − 𝐓𝐋 =

𝟐𝒛

𝒄𝜷
 

𝐜 = 𝟑 ∙ 𝟏𝟎𝟖;  𝛃 = 𝐩 𝐄; 𝐒𝐍𝐍 = 𝟏𝟏 → 𝛃 = 𝟎. 𝟗𝟖𝟓 ≈ 𝟏  

z=
𝟏

𝟐
𝐜 ∙ 𝛕 → 𝒛 𝐜𝐦 = 𝟏𝟓 ∙ 𝛕(𝐧𝐬) 

𝛔𝛕 = (𝟑𝟎𝟎 ÷ 𝟒𝟎𝟎) 𝐩𝐬 ;  → 𝛔𝐳,𝛕 ≈ (𝟒. 𝟓 ÷ 6) cm 
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𝛕 distribution  
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Vertexes distribution from Time of Flight  

∆𝐳𝐦𝐚𝐱 𝐜𝐦 =
𝛔𝐳

𝐍𝐭𝐨𝐭

𝟏 + 𝟎. 𝟎𝟏(𝛔𝛕 𝐧𝐬 = 𝟎. 𝟒) + 𝟎. 𝟎𝟗 𝛆 = 𝟎. 𝟖𝟐  

𝝈 𝒛 = 𝝈𝒛,𝑽
𝟐 + 𝝈𝒛,𝝉

𝟐 = 𝟒𝟐. 𝟑 ∙ 𝟏 + 𝟎. 𝟎𝟏  cm 

cm 

23 



24 

S. van der Meer, CERN-ISR-PO-68-31, 1968 van der Meer scan 

III. absolute luminosity 

at RHIC and  LHC the  van der Meer scan  is 
commonly accepted procedure  for calibration  
 



𝟏

𝐒𝐞𝐟𝐟 𝛅𝐗, 𝛅𝐘
=  𝐝𝐱

∞

−∞

𝐩┴ 𝐱 − 𝛅𝐗 𝟐 𝐩┴ 𝐱 + 𝛅𝐗 𝟐 ∙  𝐝𝐲
∞

−∞

𝐩┴ 𝐲 − 𝛅𝐘 𝟐 𝐩┴ 𝐲 + 𝛅𝐘 𝟐  

𝓛 =   𝑵𝑳𝑵𝑹𝐟𝐫𝐍𝐛 𝐒𝐞𝐟𝐟  

  𝒅(𝜹𝑿)𝒅(𝜹𝒀)
∞

−∞

∞

−∞

𝟏

𝑺𝒆𝒇𝒇 𝛅𝐗, 𝛅𝒀
= 𝟏 

Definitions and normalizations  
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III. absolute luminosity 

𝓛 =

𝐝𝐑𝟏,𝟐 𝟎, 𝟎
𝐝𝐭

 
𝐝𝐫𝟏,𝟐 𝛅𝐗, 𝛅𝐘

𝐝𝐭
𝐝𝛅𝐗𝐝𝛅𝐘
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IN THE BEGINNING 
 

stage 0 

𝑵𝐛(𝟏 𝐛𝐮𝐧𝐜𝐡 ) 𝓛 (𝐜𝐦−𝟐𝐬−𝟏) 𝐍𝐀𝐮𝐀𝐮 𝟏 𝐬  𝐍𝓛𝐃 𝟏 𝐬  𝐍𝐀𝐮𝐀𝐮 𝟏 𝐦  𝐍𝓛𝐃 𝟏 𝐦  𝐁 𝐒  

𝟐 ∙ 𝟏𝟎𝟗 𝟏𝟎𝟐𝟕 𝟔𝟎𝟎𝟎 𝟒𝟗𝟎𝟎 𝟑𝟔𝟎𝟎𝟎𝟎 𝟐𝟗𝟒𝟎𝟎𝟎 < 𝟏𝟎−𝟓 

𝟐 ∙ 𝟏𝟎𝟖 𝟏𝟎𝟐𝟓 𝟔𝟎 𝟒𝟗 𝟑𝟔𝟎𝟎 𝟐𝟗𝟒𝟎 < 𝟏𝟎−𝟒 

𝟐 ∙ 𝟏𝟎𝟕 𝟏𝟎𝟐𝟑 𝟎. 𝟔 𝟎. 𝟒𝟗 𝟑𝟔 𝟐𝟗. 𝟒 < 𝟏𝟎−𝟑 

𝟐 ∙ 𝟏𝟎𝟔 𝟏𝟎𝟐𝟏 𝟎. 𝟎𝟎𝟔 𝟎. 𝟎𝟎𝟒𝟗 𝟎. 𝟑𝟔 𝟎. 𝟐𝟗 < 𝟏𝟎−𝟐 

𝐒~ 𝐍𝐛
𝟐 𝐁~𝐍𝐛 
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Backup slides 
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van der Meer scan III. absolute luminosity 

Suppose that a reaction is chosen, a detector is created, 
and measurements for a van der Meer scan are performed. 
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van der Meer scan III. absolute luminosity 

 𝒅𝜹𝑿𝒅𝜹𝒀  𝒅𝒙𝒅𝒚𝒑┴ 𝒙, 𝒚 𝒑┴ 𝒙 + 𝜹𝑿, 𝒚 + 𝜹𝒀 =1 

 
𝐝𝐫𝟏,𝟐 𝛅𝐗, 𝛅𝐘

𝐝𝐭
𝐝𝛅𝐗𝐝𝛅𝐘 = 𝝈 ∙ 𝜺  

𝓛 =

𝐝𝐑𝟏,𝟐 𝟎, 𝟎
𝐝𝐭

 
𝐝𝐫𝟏,𝟐 𝛅𝐗, 𝛅𝐘

𝐝𝐭
𝐝𝛅𝐗𝐝𝛅𝐘

 

𝐝𝐑

𝐝𝐭
= 𝓛 ∙ 𝛔𝜺   



𝐄
𝐝
𝛔

𝐝
𝐩

𝛑
−
+

𝐂
,𝐏
𝐛
)
→
𝐧
+
𝐗

 

𝐝𝛔 = 𝐀𝛂𝛔𝐈 

Р.Аммар и др.,Препринт ФИАН, (48),(1989)  

Fermi motion 
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the Vernier scan or Van der Meer scan  
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1.When planning the measurements to calculate 
the counting rate. 

2.When planning the experiment to calculate the 
overlay of signals from different events (pile-
up events). 

3.To prepare an effective intersection beams at 
the point of interaction. 

4.To get information about trigger efficiency. 
5.To get information about transversal bunch 

structure. 
6.… 

Knowledge of luminosity is absolutely  
necessary for the following tasks: 
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 Background coming  from interaction with 
residual gas and  elements of the collider is 
absent because of the kinematic restrictions. 

bp
0p  n 

+ + 
n 

bp
bp
+ 

X 

NtbX m)2AA(M 

GeV 11E2S bNN 

41 

GeV 11)n,n(M 

20Xc 
60

s

b 10)
14.0

20
exp(

N

N

signal

background 



 Background coming  from pile-up. 

6

bs

b 10
Nf

1k

N

N

signal

background 





X 
bp n 

+ 
bp

+ NbX m)1A2(M 

bp

bp n 
+ 

bp
+ 

X 

NbX m)1A2(M 

bp

{ 
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The RHIC Zero Degree Calorimeters 
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Оценки для NICA:  Длина кольца 503,4 м  
Отсюда время для скорости света  s 101.678 -6

Скорость для p=4.5 GeV/c β=0.9779 
Частота обращения f=0.583 MHz 

22N h;part./bunc 103.2N  ;scm10L b
9

1/2
1227  

Отсюда находим площадь пересечения 

)cm(108,6
10

108,6

10

1058.022)103.2(
4S 22

27

25

27

629
2 







m 740mm74.0m1074.0cm1074.0 31  
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Если же учесть изменение светимости за счѐт бета функции, то исходная 

светимость должна быть в 1/0.37 = 2.7 больше, что даѐт: 

     

 
cm1048.0)cm(1095,2S 122  



Оценки для NICA:  Длина кольца 503,4 м  
Отсюда время для скорости света  s 101.678 -6

Скорость для p=4.5 GeV/c β=0.9779 
Частота обращения f=0.583 MHz 

22N h;part./bunc 103.2N  ;scm10L b
9

1/2
1227  

Отсюда находим площадь пересечения 

)cm(108,6
10

108,6

10

1058.022)103.2(
4S 22

27

25

27

629
2 







m 740mm74.0m1074.0cm1074.0 31  
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Если же учесть изменение светимости за счѐт бета функции, то исходная 

светимость должна быть в 1/0.39 = 2.56 больше, что даѐт: 

cm1046.0)cm(1066,2S 122  
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Оценку поперечных размеров можно получить  

опираясь на известный акксептанс и бета функцию. 

 /IP

Для параметров NICA: 















3

IP

104rad)cm (

40mrad)mm (

cm35m35.0

Это даѐт: 















;cm56,04S

;cm56,04S cm;211.0

2
,

22
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β= 0.35 m 

β= 0.15 m 

β= 0.55 m 
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Distance to interaction point 



48 



49 



50 

Colliding beams luminosity 
non zero crossing angle 
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Hourglass effect 

The dependence of the transverse beam size  
from the distance to the intersection point  

becouseof the beta function  

 44S 2
eff

beta at IP: 0.35 m  
beta at IP: 0.55 m  

beta at IP: 0.15 m  

Distance to interaction point 

b
e
ta

 f
un

ct
io

n 



This report discusses the initial steps for the problem 
of the luminosity control at the collider NICA 
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Calorimeters NZDC 

the simulation  

…… n 

W(4мм)xSC(4mm)x70pc  
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8.8 cm 

60-65 cm 

Calorimeters INZDC (Acceptance) 

IP 
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ZDC@MPD for luminosity 
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Colliding beams luminosity 
non zero crossing angle 

collision at non-zero angle is used to reduce the 
size of the interaction region  

But non-zero angle of collision leads to a reduction of energy 
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Goals and time table 

Goals: 
1. Monitoring the  optimization of the beams overlapping at IP. 
2. Measure the relative luminosity in the process of data acquisition. 
3. Measurement of the collider absolute luminosity. 
  Preliminary time table: 
 End of 2016 
1. The concept of the detector 
2. The first version of the CDR 
3. Preparation of the program of test measurements 
 End of 2017 
1. The final version of the CDR, the TDR option. 
2.  Manufacturing the detector module for test measurements. 
3. Performing the test measurements. 
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