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| Subject of the report |

Luminosity detector

detector left shoulder

L =300 cm L =300 cm

Setting up the intersection of beams
in the interaction point at MPD/NICA

Luminosity measurements in the interaction
point at MPD/NICA
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Module of the detector (Beam test) ‘
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Vertex position

L L

LS RS
r L—1z M( L+z >‘
L— L+
Ty = c; T = BZ =T — Ty = —B

c=3-10% B=p/E; /Sxy =11 - B = 0.985 ~

Z= %c -1 — z(cm) = 15 - T(ns)

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

5, \/G%V + (15 - ()'T(ns))2
Ner v ENtot

Az™**(cm) =




| Luminosity |

number of events
per second

R=Ntr/Trun=£°G

N

‘cross section

[£] = em™%s~1

one of the key parameters of the collider
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Relative Luminosity (£,)

Counting rate for reaction with unknown cross section
or/and unknown detector efficiency

RZSD'&'L=0—CLI-; Lr=k°L;k=(£D6)/GC

Knowledge of relative luminosity is often
enough to calculate physical quantities from
measured experimental data. For example,

when measuring polarization observables, for
a given reaction, it is sufficient to know the
relative luminosity.

BUT .. SEE NEXT SLIDE




Knowledge of absolute luminosity is
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 calculate the absolute value of cross
section from experimental data.

4.To make differential measurements.




Luminosity for some colliders

Collider Particles Luminosity
(LEP) (e"e') L=10%2cm%c1

(e"e™) L=8-103>cm 21

RHIC (BNL) (pp) L=1.6-10%cm ?c1

RHIC (BNL) (AuAu) L=8.7-10%"cm ?c1

RHIC (BNL) (CuCu) L=6-10*8cm%c1

LHC (CERN) (pp) L=2-103%*cm?%c?

LHC (CERN) (PbPb) L=3.6-10%*"cm?c1



https://en.wikipedia.org/wiki/SuperKEKB

Luminosity for hadron colliders

Hadron colliders have the highest luminosity for (pp) collisions and
several (4-6) orders of magnitude lower luminosity for heavy ion
collisions. The large cross section for collisions of heavy ions,
compared to proton-proton collisions, does not compensate for the
drop in luminosity for ion collisions. So for the interaction cross

sections and counting rates on NICA we have:

Opp = 45M6; L=10%*cm™%c" ;R =4.5-10°1/c
Ogq =70M6; L=1031cm?c;,R=7-10°1/c
O pyay = 6.26; L=10*"cMm%c;R=6.2-1031/c



Approaches to luminosity determination
From the experimental data for the counting
rate of some reaction

This method is widely used to determine the
luminosity of electron-electron and electron-
positron colliders




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




Luminosity structure.

. Np Ib,LIbR

Ip LIb R
Sib

Ly =1,

Luminosity is determined by the following three factors:

1. Accelerator constants:
“revolution frequency f." and "number of bunches N,";
2. Intensity (numbers of particles in banch I, ):

3. Parameters of colliding bunches, such as the
distribution of particles inside the bunch and focusing

conditions.

1
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| The distribution of particles inside the bunch |

For clarity, it is assumed that the distributions of
particles in all bunches are identical and are
described by a normal law for all coordinates:

PwLRr) (X,¥,Z;Zy) = pxr/r(X;Zy) - PyL/R(Y; Zv) * Pz1/R(Z)

par/r(x2y) = (1/(VZTo,(2y))exp(— x2/(202(zy)))
py,L/R(Yi Zy) = (1/(\/ﬁﬁy(zv)))exr’(_ YZ/(Zo'gr(ZV)))
Po1/r@ = (1/(VZTo,))exp(~22/(202))

A
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|Effective area S, ;,(8X,8Y) of beam intersection

Iy LIp r

Lb(SX, SY) — fr Slb(sx SY)

1
S, p(8X,8Y)

=2 [[ [[ azyag axay (bt + 8%/2,x > yizp.aCx - 8%/2,:x > yizy)

(Por(@y —©  Pur 2y + D)

N

—

b

‘key property of S, (8X,8Y) ‘

1
jf d(6X)d(8Y) (Slb(SX 8Y)> =1
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Step I
{Nyr(8X;, 8Y;), Trun (8X;, 8Y;) | - R(8X;, 8Y;) = Ny, (8X;, 8Y; ) /Trun (8X;, 8Y;)
Step II
r(8X;, 8Y;) = (l:(:if, R)) = (£0) sl(sx 5Y,)

reminder T ———) [ - bSL bR R = = (£0)L
b
Step IIT )

approximation

r(SXi,S ) = (EO')

SL(SX ) —| r(8X, 8Y)

. 16



Step IV
K = f j d(6X)d(8Y)r(6X, 8Y) = (£0) j f d(6X)d(8Y)

SJ_,b (SX, SY)

= (&0)

(any run )

Luminosity from the experimental data:

[ = Ntr _ Ntr
Tiun (g-0) TrunK
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lexamples with normal distribution|

1

|without focusing |

1 (8X)2

Hz)
0.010 +

0.008 -

particles in bunches
0,p =60cm

0.006 -

0.004 -

0.002 -

0w e I I ! ! ! Tt
—200 —150 —100 =50 0O 50 100 150 200
Z,.cm

= exp( ) - exp (ov)*
S1b(8X,8Y) 4moyoy 402 4-0'?,

Vertexes
Ony = 0,/V2=42.3 cm
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lexamples with normal distribution|

lwith focusing |

1 1

1 0 7
< (8X,8Y) = J dzy exp(——) -

(8X)? (8Y)2

Sip 4m0,(0)0,(0) Vo,

. exp(_

202(0) (1+(%)2))'“”_ 103(0) (H(%)Z))'(

Bip = 60 cm - beta function at the Interaction Point
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lexamples with normal distribution|

‘wi'rh focusing |

‘Disfr'ibu'rion of interaction vertices

f

\

P(Zy) =N

N =

exp(—Zy/0%)

1+ (Zy/Bp)?)
1

[ exp(-Zy/07)

— (1 + (Zy/Brp)?)

dzZy
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| Conclusion |

The algorithm for obtaining absolute luminosity
with “luminosity detector” at MPD/NICA has
been presented

vdM scan

vdM scan
Step I Step IV

1
{N"(sxi,‘s“), n (8, BYi)} - R(8X;, 'SYi) — Ncr(sxi’syj)/-]-mn(s)(i,,syi) K= ﬂd(ﬁXJd(SYJr(Sx, 8Y) =(=0) Ifd(ﬁx)d(ﬁ‘/)i = (g0)

S, (86X, 8Y)
Step II
R(SXj.SYI)

r(8X;,8Y;) = i = (£U)W Luminosity from the experimental data:
rlij;Llijr 1 iO¥j (any run @)
reminder — L= f],[";ﬂ;R = (g0)L
Lb
Step III

1 approximation
r(8X;,8Y;) = (0 5 mmwy

21
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stage O

IN THE BEGINNING

S~(Np)? B~Np
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 <104
2 - 107 1023 0.6 0.49 36 29.4 <1073
2.10° 10%1 0.006 0.0049 0.36 0.29 <1072

24
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Efficiency, Luminosity and beta function

Np = Ng =2.8-10°

oy = 1.1 mm; oy, = 0.82 mm

—30cm < Zy< 30 cm

SIP = 35 cm 6[? = 60 cm B[p = 104 cm
L (cm'zs‘l) 5.10% 6.9 - 10%° 9.1-10%@
Eff (€) 0.756 0.635 0.517
L(em™2s e 3.8-10% 4.4-10% 4.7 - 1026
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Tasks for the luminosity detector

finding the parameters of the collider, for the most
efficient hit of bunches into each other;

finding the parameters of the collider that optimize the
transverse profile of colliding beams;

selection of collider parameters that optimize the
longitudinal position of the interaction vertex

two observables

v" the first one is the counting rate

v' the second one is the distribution of
interaction vertices obtained from ToF

26
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Ion gLIide on MPD

old

new

D 10 mm
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il ) ll:
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|
|
|
|I x.') l1/
1%
gl
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What has changed
since April this year

old

new
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What has changed
since April this year

Sy = 11 GeV
old new
—_— 0
€ =82% e=T77%
R~ 4900 1/s; (=~ 1.4 %) R~4600 1/s;:(~1,5%)

Efficiency = Detected/Produced

DCM-SMM (M. Baznat, A. Botvina, G. Musulmanbekov,
V. Toneev, V. Zhezher, //arXiv:1912.09277 [nucl-th], 2019)

1 29



Time of Flight for Left and Right Shoulders

TL/R — min{TL/R,i}
Trigger

|T, — Tr| < 10 HC

Efficiency
e=82% - e=77%

Efficiency = Detected/Produced

DCM-SMM (M. Baznat, A. Botvina, G. Musulmanbekov,
V. Toneev, V. Zhezher, //arXiv:1912.09277 [nucl-th], 2019)

1
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Transverse plane. Luminosity structure. Van der Meer scan.

NNy

£(8X,8Y) =f, - Ny, - 5 o
e )

N;, Ng-number of the beam ions in the left and right bunches

Van der Meer scan.

-

For normal distribution

L(8X, 8Y) = f, - Ny, -~ R 5x° i
' e " 4noxoyeXp 202 eXP 202




Adjustment of beam convergence in the transverse plane

Conclusion I

estimated time to adjust the convergence of beams
in the transverse plane is about three hours

1.5 h - data taking:

1.5 h - setting collider modes;

L=10%" cm™%s71 L=10% cm 2571
X N/ (10 min) Errors &6X N/ (10 min) Errors
0 2 760 000 0.06 % 0 27600 0.6 %
0X =0y |[1764025 0.07 % 68X =ay |[17640 0.75 %
0X = 20y |[373525 0.16% 06X = 20y | 3735 1.6%
60X = 30y |30661 0.60% 1 6X = 30y | 307 5% -
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Transverse area

Setr 1 (Z) = Setr, L (0)(1 + (Z/B1p)?)
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Distribution of interaction vertices

-150

B[p:35 cm GV:27'4 cm

0,=42.4 cm

Z (cm)

-100

-50 0 50 100 150

: exp(~ 74/}
PZy) =N (1 + (Zy/Brp)?)

1
N= = exp(—Zg/0%) 47
\ —o (14 (Zy/Bp)?) Y
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Efficiency, Luminosity and beta function

Np = Ng =2.8-10°

oy = 1.1 mm; oy, = 0.82 mm

—30cm < Zy< 30 cm

SIP = 35 cm 6[? = 60 cm B[p = 104 cm
L (cm'zs‘l) 5.10% 6.9 - 10%° 9.1-10%@
Eff (€) 0.756 0.635 0.517
L(em™2s e 3.8-10% 4.4-10% 4.7 - 1026

i
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Vertex position

LS L L RS
r L—1z M( L+z >‘
L-z __L+z _ . _E

=" Tr="t=Th—TL=2;

c=3-10% B=p/E /Sxn =11 ->B=0.985~ 1

yAS %c T - z(cm) = 15 - T(ns)

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



Z coordinate. Maximum of interaction point distribution from ToF

G, = \/(ag,,, +0%2,)=34-(1+0.016) cm

6, 34-(1+0.016)cm

AZ(cm) =
Y e
L=10*® cm%s1

X Ni./ (10 min) Errors

0 27600 0.6 %
8X =0y |17640 0.75%
8X = 20y | 3735 1.6%
8X = 30y, | 307 5%




One plane of detector

= SiPM

= N W e UV 6 4 ®

The plane consists of 100x10x10 mm? plastic
scintillator (organic polystyrene (PS) scintillator with the
addition of 1.5% p-terphenyl and 0.05% POPOP) strips
viewed from both sides with silicon photomultipliers
(SiPM HAMAMATSU S13360-6025CS)

1

38



Events

Space

muons. ToF of counters

01_0 =202 > 0 =0,_y/V2

o ~ 100 ps

O01.g-= 0.15ns

G. D. Milnov et al., Physics of Particles
and Nuclei Letters, 2022,
Vol. 19, No. 4, pp. 362-367.

Time1-Time0, ns



Adjustment of beam convergence along interaction line

Conclusion IT

setting beam convergence aiong the collision axis
does not require record time-of-flight resolutions.
Even 400 picoseconds enough.

6, 34-(1+0.016)cm

AZ(cm) =
V Ntot V Ntot
L=10* cm2%s71

60X N¢./(10 min) Errors
0 27600 0.6 %

0X = oy 17640 0.75%

8X =20y |[3735 1.6%

8X =30y |[307 5%




Beam test at CERN

Two planes

.6.Buryakov

<

S.6.Buzin,




Fixed target luminosity
=

-

B S

L

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

3 N, - numbers of particles per burst

Af - repetition rate

S - transverse beam area

1
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Fixed target luminosity

3
t

Example

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

l; = 0.1 cm

Ny, = 101°

|

L=3.3-103"cm?%s71

1
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Time structure of AuAu collisions at NICA

Collision parameters (for ./Syy = 11 GeV)

1. Cross section for minimum bias event 65,4, 6.2 b
2. Max Luminosity L=10"cm %s™1
3. Counting rate R=6200s"1=_L-0p4ay

Scattering probability for a single crossing of bunches

~5.107%

e erb

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

44



Favorable conditions for creating
a "luminosity detector"

< Topology of Au + Au collisions when in a cone 8 < 4 along
both beams many spectators are flying (E; ~ 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.

45



The centrality determination - the observables:

Spectators - The number of particles produced in

Bl participant the region of rapidity close to zero
articipants
0 * The total energy of spectators

v

A

Spectators

Participant Region Spectators

Spectators

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

@B




100f

Simulation

Detector operating conditions (,/Syy = 11 GeV)

Spectator energy Es ~ 5.5 Gev/c

Energy loss spectrum in the scintillator

ElLoss_strip1

ELoss_sinp1

180
160
140F

120F

80F
s0F

aoF

20F

Entries
Mean

Cverfow
Integral

19608

0.002712

St Dev 0001293
Ungerfiow 1.126e+04

892
7459

ELoss_strip6

0.003 0.004 0.005

ELoss_stripb
= Entries 10608
" Mean 000238
120 Std Dev  0.001085
B Underfiow 1 5e+04
" Overdow 22
100 Integral 4388

0.007
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Simulation

Detector operating conditions (|/Syy =11 GeV)

strip occupancy (per 4 strips)

active_strip1

asof
400F
) 2
2300F
250 ;
200F
150 E
100 E

) =

actve smpT active_strip6
Entries 2451 active_strip6
Mean 3407 600 '_ Entries 2451
Std Dev 1.801 - Mean 1.881
Underfiow 0 Std Dev 1.421
— Overflow 0 - Underfiow ]
Integral 2451 S00p~= Overflow 0
Integral 2451
400 —
300
200}~
‘ 100}—
i 1 L L l L 1 l l I l
0 2 4 [ 8 10
0 1 1 —— P —
2 < 6 8 10
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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= (NpNgfiNy)/(Sess)

1
Sese(8X, 8Y)

(J dxp.(x— 8X/2)IL(X+&X/2)> (j dyp.(y— 8Y/2)p;(y+8Y/2)>

1
f f d(8X)d(3Y) - N CRT) =1



L =

dR4,(0,0)

dt

IJ

drl’z (SX, SY)

dt

doXdoY

51



J d(8X) (SL’X(;X e )) = [d(8X) (f dx (pLi(x + 8X/2)pLr(x— 8X/2))) =

I d(8X) dx (p.L(x + 8X/2)p, r(x — 8%/2))

u=x+6X/2
v=x—6X/2

Jf d(8X) dx (pu(x + 8X/2)p r(x — 8X/2)) =
(f du-p,r (u)) ' (f dv - pJ_,R(V)) = (1)1 =1



RHIC and NICA

RHIC ,/Syn = 200 GeV NICA ./Syn = 11 GeV

Angular acceptance

Po.ruic/ Ponica = 20; = O nica/Os ruic = 20

ZDC at RHIC and NICA

Lnica = 20 - Lryic

Energy resolution

RHIC AE,/E. ~ 6% NICA AE;/Es =~ 25%

more questions?



