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Nt - the number of target atoms in volume
through which the beam passes

A N, - numbers of particles per burst

Af - repetition rate

S - transverse beam area




Fixed target luminosity
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Example

Nuclotron f = 0.1 1/s
A, = 208 (Pb)

l; = 0.1 cm

Ny, = 101°

|

L=3.3-103"cm?%s !
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Time structure of AuAu collisions at NICA

Basic parameters (for ./Syy = 11 GeV)

Length (perimeter) of the ring L =503,04 m

Number of bunches N, = 22

R.M.S. of particles in a bunch 6,= 0.6 m

Time between bunches ty_p = 76.2 ns

Time of single interaction bunches At < (60,)/(2cf) = 6 ns
Revolution frequency f. = 0.56-10° Hz



Time structure of AuAu collisions at NICA

Collision parameters (for ./Syy = 11 GeV)

1. Cross section for minimum bias event 6,4, 6.2 b
2. Max Luminosity L=10""cm %s™1
3. Counting rate R=6200s"1=L"0p5a0

Scattering probability for a single crossing of bunches

~5-107%

e erb

Admixture of pile up events for t < 100ns
<10~* negligible




Favorable conditions for creating
a “luminosity detector"

< Topology of Au + Au collisions when in a cone 6 < 4° along
both beams many spectators are flying (Es ~ E,= 5.5 GeV)
(79Au)). Convenient for trigger.
< Long time between neighboring collisions. No overlapping
events.
<+ The role of scattering on the residual gas is small.
v Low counting rate.
v Small energy.
v Large asymmetry of events.




y determination - the observables:

The centralit

Spectators »  The number of particles produced in

v

Spectators

b | Participant the region of rapidity close to zero
articipants
0 + The total energy of spectators

Participant Region Spectators

Spectators

Central collision. b= 0 Peripheral collision, b ~ 2R

4+ 4 =




set-up view

detector left shoulder

beam pipe
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detectorright shoulder
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IP — Interaction Point

L =300 cm

L =300 cm
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front view of the detector

(one shoulder)

ion guide made of
Be or Al 1mm thicknes

~

N~
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one plane of detector

F
o SiPM

The plane consists of 100x10x10 mm® plastic
scintillator strips viewed from both sides with
silicon photomultipliers (SiPM)



160

100f

Simulation

Detector operating conditions (|/Syy = 11 GeV)

Spectator energy Es ~ 5.5 Gev/c

Energy loss spectrum in the scintillator
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Simulation

Detector operating conditions (|/Syy = 11 GeV)

strip occupancy (per 4 strips)
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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
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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
v" the first one is the counting rate
v' 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}
Trigger

|T, — Trl < 10 HC

Efficiency
€ =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

Concentration of atoms in the residual gas
90% — H,: 5% — C0;5% — CO,;
p=10"%Pa ; T =293;./Syaune) = 3.5 Gev

B/S = 0.6 - 1073 - scattering rate.

Tmin Tmin

Entries

80~

sof~

40

30

Background

20

Tz(nS) = TL + TR

B/S <1.0-10"° -counting rate.
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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

——
-

— >

|
|
|
|
|
|
|
> e
|
: | — > —
|
|
|
|

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

R=Lo

NNy

£(8X,8Y) = fr " N ' o oV
e )

N, Nr-number of the beam ions in the left and right bunches
g 1— —
— <>

without focusing case

L(6X,8Y) = f, - Ny - — LR 55 oy
' s 4T0\ 0y eXp 202 eXP 202
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Vertex position

LS L L RS
r L—z M( L+z T
Lz, o _ Ltz o o 22

=" k=" t=Th—TL =2,

c=3-10% B=p/E /Syn =11 -8 =0.985 ~ 1

Z= %c T — z(cm) = 15 - 1(ns)

o, = (300 ~-400)ps; > 0,,~(4.5+ 6)cm
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T distribution

Tmin_py

Entries 2451
Mean 0.01801
Std Dev 2.845

Underflow 0

Overflow 0

Integral 2451
0
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Vertexes distribution from Time of Flight

Veriex 2 |

Entras 2443
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0, = \/(0'3,,, +0%,) =42.3-(140.01) cm

0y

Az™3X(cm) = (14 0.01(c.(ns) = 0.4) + 0.09(c = 0.82))

tot
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S. van der Meer, CERN-ISR-P0O-68-31, 1968 ‘van der Meer scan \

CALIBRATION OF THE EFFECTIVE BEAM HEIGHT IN THE ISR

ISR~P0/68~31 by
June 18th, 1968

S. van der Meer

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




Definitions and normalizations

L= (NLNRerb)/(Seff)

1 o -
St (X, 8Y) ( j_ _dxp. (x— 3X/2)p. (x + 8%/ 2)> ' ( j_wdy p.(y — 8Y/2)p.(y + av/2)>

1

J_ J_ d(8X)d(8Y) S KD
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L =

dR4,(0,0)

dt

IJ

drl’z (SX, SY)

dt

doéXdoY
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stage O

IN THE BEGINNING

S~(Np)? B~Ny
Np(1/bunch) | £(cm3s™1) Nauwau(1/s) | Ngp(1/s) Nawau(1/m) [Ngp (1/m) B/S
2-10° 1027 6000 4900 360000 294000 <1075
2-108 1035 60 49 3600 2940 <10
2-107 1023 0.6 0.49 36 29.4 <1073
2-10° 1021 0.006 0.0049 0.36 0.29 <1072
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|55 absolute luminasity|van der Meer scan

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

convenient to use normalized counting rate

drl,z(SX,SY) _ de'z (SX,SY)
dt B ( dt )/(Nlsz)

dR; ,(8X, 8Y)
dt

= (0g)2- N1N2f[f dxdy[ dudép;(x,y,u —p,(x+ 8X,y+ 8Y,u+ &)

dry ,(8X, 8Y
r1,z(dt ) (68)2 H dxdy H dud€p;(x,y,u — E)p,(x + X,y + 8Y,u + &)

f f d"”(sx BY) dsxdsy = (0¢€)2 f f d8XdsY (f f dxdy f f dudip;(x,y,u —§)p,(x + 8X,y + 8Y,u + 0)
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[E5. absolute luninasity | van der Meer scan|

‘ff déXdsY (ff dxdyp. (x,y)p.(x + X,y + 6Y))=1 ‘

dry-,(8X,8Y
ff 1’2(dt )dSXdSYz(a-g)

dR,,(0,0)

dt

dr; ,(8X, 8Y
fy =12 (dt ) a5XdsY

L =
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Experiinent

BLIXO/1bI HEWTPOHOB H IIPOTOHOB HA YTOIT 90° P.AMMmap u ap. ,[IpenpuHm OUAH, (48), (1 989)

O] IEACTRHEM a*-ME30HOB 13 AJTEP C, Cu, Pb, U

BAIKOB 1. [T, PABPHIIOR B, k., TOPAHHOB H. A, I'PHIIVE 10, T,
IYIIHH 0. B, IEITAPEHKO I1. B, KOPHHEHKO H. JL, TEKCHH T. A..
DEJIOPOR B, B., LIBAPIIMAH B, B., IIEBUEHKO C. B, HIYBAJIOB C. M.
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Knowledge of luminosity is absolutely
necessary for the following tasks:

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...




The possible strategy

the Vernier scan or Van der Meer scan

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

e

— -

at RHIC and LHC the Van der Meer scan is
commonly accepted prosedure for calibration

26 37



The possible strategy

‘the Vernier scan or Van der Meer scan

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

e -

at RHIC and LHC the Van der Meer scan is
commonly accepted prosedure for calibration
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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 prosedure for calibration

26

39



IMPORTANT

IT IS ENOVUGH
TO DETECT SEPARATE EVENTS

(PILE-UP IS SMALL)



Background coming from interaction with
residual gas and elements of the collider is

absent because of the kinematic restrictions.

Pp X

p=0 n n
- + O E—) p<-0+0->+‘
b Py

VS =2-E, =11GeV | ey |_

IM(n,n) =11GeV |

background N,
‘XCZ20‘~ signal N .

20 60
exp(———) =10
P01

S
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Background coming from pile-up.

(s

X
Py n
to = o+ (O
B X
Py n
+ @ =mm—) Oi-i-'




The RHIC Zero Degree Calorimeters
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OueHku ana NICA: OnuHa konbua 503,4 m
Otcroaa Bpema Ang ckopoctu ceeta 1.678:107s

CkopocTb ans p=4.5 GeV/c p=0.9779
YactoTa obpaweHusa f=0.583 MHz

L=10"cm™s™*; N,, =2.3-10° part./ounch; N, = 22

OTcroaa Haxoaum nuiowaabL nepeceyeHus

912 6 25
S (2.0-10 )10223 SRl 6’20%9 _6,8-1072(cm?)

6=0.74-10""cm =0.74-10°m = 0.74mm = 740 um

Ecau e yyecTb U3MEHEHME CBETUMMOCTHU 3a CHET 6eTa DYHKUMU, TO UCXOAHAS
CBETUMOCTb A0/1)KHa 6biTb B 1/0.37 = 2.7 60nblue, 4YTO AAET:

S=2,95.-10"%(cm?) = c=0.48-10"'cm




OueHku ana NICA: OnuHa konbua 503,4 m
Otcroaa Bpema Ang ckopoctu ceeta 1.678:107s

CkopocTb ans p=4.5 GeV/c p=0.9779
YactoTa obpaweHusa f=0.583 MHz

L=10"cm™s™*; N,, =2.3-10° part./ounch; N, = 22

OTcroaa Haxoaum nuiowaabL nepeceyeHus

912 6 25
S (2.0-10 )10223 SRl 6’20%9 _6,8-1072(cm?)

6=0.74-10""cm =0.74-10°m = 0.74mm = 740 um

Ecnn ke y4ecTb M3MEHEHUE CBETMMOCTM 3a CHET 6eTa PYHKUMU, TO MCXOAHAS
CBETUMOCTb A0J13KHa 6bITb B 1/0.39 = 2.56 60nblue, YTO AAET:

S=2,66-10"%(cm?) = 6 =0.46-10"*cm




OLEHKY NOMepeYHbIX pa3MEPOB MOXKHO MOYYUTb
ONMpasCb Ha M3BECTHbIM aKKCENTaHC M 6eTa DYHKLUMIO.

c=\Bp-e/n

Ana napametpos NICA:

\

(B,P =0.35m = 35cm
e(r mm - mrad) =40

g(ncem-rad) =4-107°

570 36T (6=0.211cm; S, = 4nc? = 0,56cm?;

S, p =4¢p =0,560m”;

Mpu uHTecmsHocTn 2.3 - 10°%; N, = 22; f = 0.58 - 10°T'1y
umeem:L = 1.2 - 10%°cm~?c~ ! (6e3 yuéTta M3MeHeHUa npodmnsa nyyka)
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betta function
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betta function
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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

‘Seff = dno? = 4mefd ‘

NICA
B”) = 0. 35m,
£ =40mmm - mrad,

beta at IP: 0.15 m —

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

beta function

beta at IP: 0.15 m —

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

.
NN

\ /4

Distance to interaction point
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This report discusses the initial steps for the problem
of the luminosity control at the collider NICA

Reaction of Mutual Electromagnetic Dissociation
(the ultra peripheral collisions b > 2R,)

) > 1n
A A
R | < |
In

>

In beam rest-frame A" - A" + n; p(n) < 0.15 GeV /c




Calorimeters NZDC

the simulation

Ws 4mm 2xscs4mm 2X7OEC
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4 5
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AE,, (Ge\l’?'s
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Working group

Control of luminosity at A.B.Kurepin

the interaction points

A.G.Litvinenko R&D
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L]p = 1300 cm

| Calorimeters

INZDC (Acceptance) ‘
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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
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CALIBRATION OF THE EFFECTIVE BEAM HEIGHT IN THE ISR

ISR~P0O/68~31 by
June 18th, 1968

S. van der Meer .
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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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