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The luminosity (L) can be calculated from the rate of all inelastic interactions (R;,)
and the total inelastic cross section (C;,) by using the simple relation:
L :&
Gin

The inelastic interaction rate is given by the average number of inelastic interactions
per bunch crossing (L) and the bunch crossing rate (fgx):

Ry = W x fax = 1 x The Numb3eg6<;f filled Bunch crossings , 40 MmHz

Conclusion: To provide a luminosity the detector must estimate Ll correctly
from a measured rate and the inelastic cross section has to be known.
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Predicted cross section in mb from Phojet 1.12 and Pythia 6.420

14 TeV: Phojet Pythia
Phojet Pythia

Phojet Pythia Non diff. 68.0 (82%) 54.7 (69%)
) —» Minimum bias 72.1 65.0
Inelastic 83.1 79.3 Double diff. 4.1 (5%) 10.3 (13%)

Single diff. 11.0 (13%) 14.3 (18%)
Elastic 344 22.2
Total 117.5 101.5

10 TeV: Phojet Pythia

E Phoj Pvthi
Phojet Pythia Non diff. 64.9 (81%) 51.6 (68%) hojet Pythia

) —» Minimum bias 68.9 61.3
Inelastic 79.8 75.3 Double diff. 4.0 (5%) 9.8 (13%)

Single diff. 10.8 (14%) 14.0 (19%)
Elastic 32.0 20.8
Total 111.8 96.1

. Phojet Pythia
0.9 TeV: J Y Phojet Pythia

Phojet Pythia Non diff. 40.0 (74%) 34.4 (66%)
. —» Minimum bias 43.5 40.8
Inelastic 54.0 52.5 Double diff. 3.5 (7%) 6.4 (12%)

Single diff. 10.5 (19%) 11.7 (22%)
Elastic 14.1 12.8

Total 68.1 65.3 (Note: double pomeron processes were not included in PHOJET cross sections).
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ATLAS

The average number of interactions per bunch crossing (LL) is estimated from
a rate measured by the detectors.

The measured rate that is used to estimate U can be of three main types:

1) Event rate

2) Hit rate
3) Particle rate

The different detectors measure different quantities while requiring different
combinations of signals in the two detectors. This lead to a long list of different
luminosity methods.
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Type of events Measured
A C quantity BCM
Hits = 0 Hits = o] —® EVENTS p MBTS
LUCID
Hits = 0 Hits = 0
- — MBTS
Hits> 1| [Hits = 0] —® EVENTS < LUCID
Hits = 0 Hits > 1 BCM
EVENTS <ZDC
Hits > 1 Hits>1 < MBTS
HITS LUCID
PART. — = FCAL
Hits> 1| | Hits>1 / EVENTS —— Not used
HITS
His = 0] [Hits>1 — e
EVENTS —m BCM
Hits> 1| | Hits = 0 <:
HITS —— = Not used
: EVENTS — = BCM
Hits = 0] [Hits>1 <:
HITS — p Not used
Hits > 1 Hits>1] 4 EVENTS — ZDC
Hits> 1| [Hits = 0 T PART.— e FCAL
' its >
Hits> 1| |Hits>1] 4 EVENTS ——7DC
Hits = 0 Hits> 1| ™ PART.— g FCAL

Name

ZERO COUNTING - AND

ZERO COUNTING - OR

EVENT COUNTING - AND

HIT COUNTING - AND

PARTICLE COUNTING - AND

EVENT COUNTING - OR

HIT COUNTING - OR

EVENT COUNTING - XOR SIDE A
HIT COUNTING - XOR SIDE A

EVENT COUNTING - XOR SIDE C
HIT COUNTING - XOR SIDE C

EVENT COUNTING - OR SIDE A
PARTICLE COUNTING - OR SIDE A

EVENT COUNTING - OR SIDE C
PARTICLE COUNTING - OR SIDE C



ATLAS

If a true number of particles is counted in the detectors without any requirement on
a minimum number of particles then

Npart/gx _  The average number of detected particles per bunch crossing

l_,[:

SV1LlV

Npart/pp  The average number of detected particles per inelastic pp interaction

The average number of detected particles per inelastic pp interaction (Nyart/pp)

has to be obtained from simulations or from a reference data sample recorded at
low luminosity (low ).

Another possibility is to measure the luminosity with for example ALFA and calibrate

the detector:

ALFA
/LF

fax _ Npart/Bx L 1
L= " x Pt =s Oin* N art/pp =30 X g
PATHPP " Npgrtzex  fox

Cin Npart/pp
T~ Detector
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ATLAS
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In order to reduce background it is an advantage to do particle counting while requiring at

least one particle in each detector. In this case [ is no longer proportional to Nyart/x-

If only events with particles in both detectors are used then the relationship between
Npart/bx and | becomes:

Coi A N —Hg NE _UEA
NPC‘"V BX =1 [Npgircrc/pp +( I\lpam‘/pp pzlr-r"rc/pp) (1 ) ( I\lpar-'r/pp pzlr'r:‘(:/pp) (1 ) ]

5 parameters needed to describe the dependence on L !

What is needed is U as a function of Npq-1/ex i.e. | = f(Npart/BX) but the expression

above cannot be inverted analytically.
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ATLAS

Most detectors do not measure particles. If hits are measured instead without
any requirement on a minimum number of hits in each detector there is no longer
a linear relationship between L and Np;+s/Bx:

N... - _ _ hrl's/pp > .
hits/BX = Niypes [ 1 (1 Noooe ) ] = vl Nhits/pp for B << 1
In (1 _ Nhifs/BX) In (1 _ Nhifs/BX)
_ N*rubes L fB N*rubes
H In (1 _ Nhrrs/pp) i G'" In (1 _ Nhrrs/pp)
tubes tubes

Niybes is here the number of active detector elements (30 for LUCID and 32 for
MBTS) and Nyts/pp is the average number of hits per bunch crossing when there
is exactly one interaction in the events (1.2 for LUCID at 14 TeV).
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In order to reduce background it is an advantage to do also hit counting while requiring
at least one particle in each detector.

The relationship between the number of hits and particles:

N
NPC""* = - Niybes x In (1 - s
N'I'ubes

can be used together with the relationship between L and the number of particles

N _ _ A
part/BX = 21 Npart/pp (1 — € ~UNGar7pp (1 = 2 e™) i Npart/ps= Noart/pp and gA= €€
to obtain a relationship between N;ts and L:
u Coinc _ SA

However, there is no way of analytically express |L as a function of Ny;;s in this case !
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ATLAS

AND

Nhits = Niubes

Coinc

OR
Nhifs/Bx = Ntubes [1 - ( 1- Nhifs/pp / Niubes )H]

30

1}

25

—Hit counting AND
—Hit counting OR

LUCID

20

15

|
1% Difference

10

13% Difference

70% Difference

V. Hedberg

5 10 15 20 25

Nhits/BX

The dependence of |L on N;ts is only linear for small L.
The largest difference between AND and OR is at low LL.

Luminosity Working Group 03.12.2009
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[1 _e_(zu Npart/pp (1 —€ ) —H Npar'r/pp (1 —2e ))/N'rubes]
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H..

1,2
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—Hit counting AND

—Hit counting OR

0,8 -

0,6

0,4

0,2

r
oL

/1
|
0 ! 0,2

0,16

/

z~

0,4 0,6

0,8 1 1,2 1,4 1,6

Nhits/BX

u0,14

0,12

——Hit counting AND
—Hit counting OR

0,1

0,08

/
/

0,06

Mo

0,04

0,02

. sing
Nhits/Bx = l.«l Nhi1's/pp
AND coinc

Nhits/Bx =M Nhits/pp

0,02 0,04 0,06

0,08 0,1 0,12 0,14 0,16

Nhits/BX
10



2 § y >
; -
< 7
AND (2 A 1 _e_HSA Coinc 4 Z_HS"}
Nhi ts = N tubes [1 -e K Npart/pp ( ) —HU Npar'r/pp ( —ce )) N'rubes]
AND coinc 16
Nhits/Bx = Nhi'rs/pp l'l' 1:4 yd —
" P // —
1
" / / o /; -
06 e
04 e Hit counting AND

25 02 / —Hit counting Linear
20 0 0,2 0,4 0,6 0,8 1 1,2
/ / Nhits/Bx
0,16
15 0,14 //
/ / o -
10 0,1

// —Hit counting 0.08
AND
5 0,06 —Hit counting AND

—Hi ; 0,04
H.It counting / —Hit counting linear
Linear 0,02 /
0 T T I 0
0 5 10 15 20 25 0 0,02 0,04 0,06 0,08
Nhits/BX

Nhits/BX
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ATLAS

The simplest quantity to measure is the number of events per bunch crossing.

Different requirements can be made on the signals seen in the two detectors
and different system uses different requirement.

Some of these event topologies are not independent with respect to each other.

Probability( Zero-counting-AND ) = 1 - Probability( Event-counting-OR)
Probability( Zero-counting-OR ) = 1 - Probability( Event-counting- AND)

It is possible to calculate the probability (rate) of any event topology at any Ui

if three basic parameters (€p, €1 and €;), that describe the probability when there
is one pp interaction, are known.

A problem with event counting is that at high I the event rate tends to saturate
and an increase in L does then not give a significant increase in the event rate.

V. Hedberg Luminosity Working Group 03.12.2009 12
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ZERO COUNTING - AND

EVENT COUNTING - XOR - A

EVENT COUNTING - XOR -C

EVENT COUNTING - AND

EVENT COUNTING - OR <:>

ZERO COUNTING - OR%

EVENT COUNTING - OR - A<Y

EVENT COUNTING - OR - C<:

V. Hedberg

Event type
Hits = 0 Hits = 0
Hits>1 Hits = 0
Hits = 0 Hits>1
Hits>1 Hits> 1
Hits > 1 Hits> 1
Hits>1 Hits = 0
Hits = 0 Hits > 1
Hits = 0 Hits = 0
Hits>1 Hits = 0
Hits = 0 Hits>1
Hits> 1 Hits> 1
Hits>1 Hits = 0
Hits>1 Hits>1
Hits = 0 Hits > 1

Propability for 1 pp

g9 = 1-g1-g9-€3
€1 = €A~ €coinc
€ = &C - €coinc

€3 = €coinc

Esing™ 1 - €0

en =1-¢gp-¢

ec =1-¢p-g1

Luminosity Working Group 03.12.2009
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Probability for u_interactions
e(go-l)}’l

e(€o*&-Du _ g(€o-1)p
e (o€~ 1)U _ g(€o-1)1

1- 2(80*81‘1)}1 _ 6(80"'82‘1)#l +e(80-1)u

1 - e(SO‘l)u

e(80+81'1)u + e(80+82-1)p’ _2(80.1),"l

1 - 2(80"'82' l)l’l

1 - 6(80"'81' 1)“
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Efficiencies for one pp interaction at 14 TeV

SV1LlV

A C

Hits = 0 Hits = 0
Hits>1 Hits = 0
Hits = 0 Hits>1
Hits > 1 Hits> 1

LUCID
€, =0442
€, =0212
€, =0.212
€, =0.135

BCM
0.711

0.125

0.125

0.040

MBTS ZDC
0 0.472

0.004 0.215

0.004 0.215

0.992 0.098

LUCID BCM MBTS zDC
€ing —1-89 =0559 0290 1.000 0.528

en =1-g9-8)=0.347 0165 0998 0.313
ec =1-gy-g =0347 0.165 0.998 0.313

Ecoinc—1-€0-€1-€2=0.135  0.040 0992 0.098

LUCID: GEANT3 + PHOJET (non-diff + diff, 16 + 16 tubes, cut =50 p.e.)
BCM: GEANT4 + PYTHIA (non-diff + diff, 4 + 4 modules)

MBTS: GEANT4 + PYTHIA (only non-diff, 16 + 16 sectors, cut =40 mV)
ZDC: ATL-LUM-INT-2009-002, €a — €C :vgcoinc

V. Hedberg
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OR

Nevenfs/ Bx=1- e~ Esinglt

28

Event counting OR

26

24

—LUCID —BCM

22

MBTS —ZDC

20

18

Saturation ——»

16

14

12

10

o N b~ O

BN

o o1 02 03 04 05 06 07 08 09 1

Conclusions:

V. Hedberg

I\ic»:vc—:n‘l's/ BX

OR
Nhi'l's/BX = Ntubes [1 - ( 1- Nhits/pp/Ntubes )p]

u3o

28
26
24
22
20
18
16
14
12
10

O N b~ OO

Hit counting OR /

/

LUCID /

6 8

10 12 14 16 18 20 22 24

I\ihi'rs/ BX

Hit counting suffers less from saturation than event counting.

A small acceptance gives less saturation (but less statistics).
Luminosity Working Group 03.12.2009
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ATLAS

AND

Nevents/gx = 1-e 8l _ escH "'e-gsmgu

OR - .
Never\'rs/BX = 1 - e &singt

LUCID

20

v

15

R 1
inverted *°

Conclusions:

OR counting saturates before AND counting
OR counting is described by 1 parameter
AND counting is described by 3 parameters

N ~ oL
If 1 << 1 OR/BX =~ Esing M
NAND/BX = g¢gin L

V. Hedberg Luminosity Working Group 03.12.2009

—Q0OR
= AND

0 0,2 0,4 0,6 0,8 1
NEven'rs/ BX

\
\

/

= QOR
r = AND

0,4 0,6
¥ NEvem‘s/ BX

/ //
/ / ——OR
——AND
0 0,04 0,06 0,08 0,1
NEven'l's/ BX 16
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NSeRro/BX = eball, GEcH _ gEsinght u 20
AND N LUCID
Nevents/Bx = @ Esinght
NZero 1 . 10
Npx LUCID — AND mver"rc»:d> \
0,8 \\\ 5 \
0,6

0 . 1 L T
' \ \ 0 0,2 0,4 0,6 0,8 1
0,4 Nzero/ BX
\ \ 1,5
0,2 !*l \
&\_ :
0 | , \

0 5 10 15 p 2 0> T __AND
. — OR
Conclusions: 0

AND counting saturates before OR counting 05 J
AND counting is described by 1 parameter 015 Nzero/ex
OR counting is described by 3 parameters \

u 0,1
NanD/BX ~ 1- E; \ \
~ Sing M - 0% s
— OR \\

Nor/Bx =~ 1- €coin L .

If B << 1

. . 0,93 0,95 0,97 0,99
V. Hedberg Luminosity Working Group 03.12.2009 Nerb7BX



ATLAS

Compare Zero-OR counting with a
linear extrapolation from the low

K limit:

20
i

18

16

14

12

10

V. Hedberg
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=—=Q0R linear

=0R

\\

0 0,2 0,4 0,6 0,8

Nzer'o/ BX

T~

1
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R
Nger'o/BX = e"tall | 58cu _éssing“
OR
Nzero/BX = 1- €coin U
| \
H N
32 == (OR linear
e R
3
14% difference
2,5
NN
| N
N, 3% difference
0
0,5 0,6 0,7 0,8 0,9 1
Nzer'o/BX
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Compare Zero-OR counting with a
linear extrapolation from the low

K limit and an exponential extrapolation:

20

SV1LlV

OR e _
Nzer'o/BX = e %aH, bk

OR e
Nzer'o/BX = e ®CoinH

OR
Nzero/BX = 1- €coin U

18 = (OR linear

B —on
ORIn

14 \
12

o\

0 0,2 0,4 0,6 0,8

Nzer'o/ BX

AN o
NN

NN

| A

0,5

0,5 0,6 0,7 0,8 0,9 1
Nzer'o/ BX
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- PMT H GAS H PMT+GAS | Primaries
i | Entries 640000 || Entries 640000 | | Entries 640000 | | Entries 640000

I i.| Mean 3.08 || Mean 3.16 || Mean 6.07 || Mean 0.633
RMS 14.8 || RMS 14.8 || RMS 241 || RMS 8.07
i | Underflow 0 | | Underflow 0 | | Underflow 0 || Underflow 0

“““““““ Overflow 36 I Overflow 48 i Overflow 244 |'{ Overflow 34
; ; ; ; = 1.00
PMT

— GAS
— PMT+GAS

Primaries

0 50 100 150 200 250 300 350 400 450 500
p.e./tube/event

Migration:
When events are piled up at large L,
particles that give a small signal combines

with other small signals to give a hit above
the threshold.

(w meas/utrue- 1)[%]

The effect in LUCID is large

V. Hedberg Luminosity Working Group

Entries 25600 || Entries 25600 || Entries 25600 || Entries 25600
.i.{ Mean 76.2 || Mean 78 |{ Mean 144 || Mean 15.8
. |RMS 71.7 || RMS 70.8 || RMS 105 || RMS 39.2
1l und 0 || Underflow 0 | | Underflow 0 | | Underflow 0

SV1LlV

PMT H GAS H PMT+GAS H Primaries

1| Overflow 62 | | Overflow 78 | | Overflow 662 | | Overflow M

444444444444444444444444 T, A ) P S ,. ........ —— GAS

T u=2S. 00

..... PMT

— PMT+GAS

Primaries

102 i A T
~~~~~~~~~~~~~~~ LS.
o .. [T [T U FLJ-LJ-LH i
0 50 100 150 200 250 300 350 400 450 500
p.e./tube/event
— Hit Counting (coincidence) |-
100_ - R RS SRR S S S : HEEEEEE : [
— _Tl'ue H H - H H H A H
[ | —e— Thr =40 p.e.
80 |~ —e— Thr =50 p.e.
: Thr = 60 p.e.
| | —e— Thr =70 p.e.
60 e
40 |-
20 |
0




ATLAS

The BCM has four modules on each side. -

2+2 modules are at present read out
separately from the other 2+2 modules.

The detector will do event counting and
not hit counting. Since the detector
read-out is split in two one can make
two independent measurements for each
methods.

BCM detector
modules

Function tested Function

ln (Nﬂ with MC data: inverted:
. _ _ Nex
Zero-counting- AND: n = T /_8 c -€4 ~Esing YES YES
Event-counting- AND: Nano = 1.3(8c’+81-1)}'l _3(80+82'1)“ +e(€o-1H YES NO

Ngx

Na (Eo+e1-1)1  (go-1)U
e -e
Ngx

N (Eo+e2-1)1  (g0-1)

Event-counting-XOR Side C: —— = e -e H
Nex

V. Hedberg Luminosity Working Group 03.12.2009 21
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NO NO

NO NO
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ATLAS

The BCM has so far only been studied with 14 TeV PYTHIA/GEANT4 events and assuming

a read-out of 4 modules on each side.

Event-counting- AND:

Nanp _ 1. e("ioﬂ‘ir1)H_e(so+8z-1)l~l +e(€0-1H

Ngx

1

il

Efficiency e

NaND

A

C

Hits = 0

Hits = 0

€,=0.711

Hits>1

Hits = 0

81: 0.125

Hits = 0

Hits>1

g,=0.125

Hits > 1

Hits> 1

€,=0.040

V. Hedberg

Ngx |

107

10°

107

107

V4

/.

10"

<>

10
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Noo

Ngx |

Zero-counting- AND:
Noo _ (€0~

1- 29 -

Ngx

102

107

10" 1 10
<},1>
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ATLAS

What needs to be done ?

The Event-Counting-AND formula needs to be inverted.

The Event-Counting-XOR formula needs to be tested with simulated events and
inverted (perhaps inclusive OR would be easier ?)

The efficiencies needs to be calculated at lower energies than 14 TeV.

V. Hedberg Luminosity Working Group 03.12.2009
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The ZDC has two calorimeters that will
measure the total energy. A cut will be made
on this energy and three rates will be
measured:

ZDC12Rate: Inclusive single rate on Side 12
ZDC81Rate: Inclusive single rate on Side 81
ZDCcoincRate: Coincidence rate

The methods that will be used are:

Event-counting- AND:

Npx

N4 4\, _ ZDC12Rate
Event-counting-OR Side A: Nas = 1- el€orE- 1l = BX rate

N _ ZDC81Rate
Event-counting-OR Side C: @ = 1-e(€o*&:-1)p = BX rate

V. Hedberg Luminosity Working Group 03.12.2009

NAND - 1_6(80+81‘1)u-e(80+82-1)u +e(80"1)u _ ZDCcoincRate

BX rate

ZDC12Rate
In(1-
_ (1 BX rate )

,"l‘ - 80"‘82-1
ZDC81Rate
| -
_ n(l BX rate )
“’ - 80"'81"1

24
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ZDC performance at Low Energy, neutron yieldxacceptance 20
ATL-LUM-INT-2009-002 ——7DC OR
30.08/
] H —ZDC AND
§0.06* 15
; L Assumptions:
%0.04— ] €coinc =0.10
= —_ —_
Eon| €A — €C —\€coinc =0.31
10
0.00) " 1000 2000 3000 4000 5000 6000 7000
LHC Beam Energy(GeV)
5
What about migration ? Accidentals ? .
A simulation is needed ! 0 02 04 06 08 1
Neven'rs/ BX
V. Hedberg Luminosity Working Group 03.12.2009 25

SV1LlV




ATLAS

What needs to be done ?

A simulation of the detector is badly needed.

The probability functions have to be tested with simulated data.

Functions for L = f(ZDC rate) have to be constructed at various energies.

V. Hedberg Luminosity Working Group 03.12.2009
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ATLAS

LUCID has 15 working Cherenkov
tubes in each detector.

The signals are discriminated and
provide a hit pattern that are
used to do four measurements.

Zero-counting-AND, Zero-counting-OR, Hit-counting-AND, Hit-counting-OR.

Monte Carlo studies have shown that none of the probability functions describe the
Monte Carlo data sufficiently well. The reason for this is migration which cannot be
described in these functions.

LUCID plots p as a function of the probability (P) of events or hits and fit a polynomial
function so that p can be expressed as

Noo No  Nhits

9 op or and pg, P1. p3 are constants.
Nex ™ Nex  Nax

W = po + piP + p2P? + p3P° where P =

Sometimes the fit is done in two regions of P in order to get a good agreement between
the fit and the Monte Carlo data.

V. Hedberg Luminosity Working Group 03.12.2009 27




ATLAS

V. Hedberg

Number of pp interactions per BX

p_:

Number of pp interactions per BX

p_:

4.5

3.5

2.5

1.5

0.5

35

30

25

20

15

10

Zero counting (OR)

g —a— Thr =10 p.e.
- ¥Z /' ndf 4452118 |
F p0 56.56+4.199 ||
8 p1 -179+13.72
g p2 200.7+ 14.9 ||
i P, > 0.75 p3 -78.21+ 5.38
- T ——
0.75 0.8 0.85 0.9 0.95 1

P, sx = Rate of empty events
L | e Thr=10 p-e.
C ¥2 I ndf 12.79/6
i p0 13.1%£ 0.1167
C p1 -31.39+ 0.8823
C p2 35.7+1.914
i P, <o0.75 p3 17.75+ 1.246
i T

S—
- "'.-—-..___
n ————
01 02 03 04 05 06 07 08 09

P, = Rate of empty events

Luminosity Working Group 03.12.2009

Number of pp interactions per BX

“_:

Number of pp interactions per BX

p_:

Zero counting (AND)

10 —
9f-
- |« Thr=10 p-e.
8F T ndf 56.89/19 ||
.. C pO 5.006 £ 0.04115 ||
: p1 -10.13 £ 0.1622
6F p2 7.456 + 0.2077 ||
: P> 0.25 3 -2.33 + 0.08666
5F 0
4F
3 E\""\_.
T
2t
1} _—
0.2 03 04 05 06 07 08 09 1
P, gy = Rate of empty events
35
30 L | e Thr=10 p-e.
N %2 / ndf 259.8/4
251 po 10.37 + 0.04396 |
B p1 -99.33 + 1.658
B p2 5414 + 1547
201 P, <o0.25 p3 -1057 + 38.94
15}
10 \
sf T
E - e
0 0.05 0.1 0.15 0.2 0.25

AN /114 loaonnn

P, sx = Rate of empty events
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ATLAS

W
n

N |

7]
(—]

]
n

o
h

o
=

Number of pp interactions per BX
=

h

L | e~ Thr=10 pee. /
g
%2/ ndf 89.39 741 |
p0 -0.0001926 + 5.483e-05
p1 1.178 £ 0.001757 |
p2 0.005912 = 0.0006019

p3 0.0007845 + 3.531e-05
|-

u
c\ll T LI LI T
o

V. Hedberg

14 16 18 20

= Number of hits per bunch crossing

Luminosity Working Group 03.12.2009

Number of pp interactions per BX

“_:

Number of pp interactions per BX

“_:

Hit counting (AND)

2.5
| |- Thr=10 p.e. | | |
2 B NhitS < 0'7
1f e

/ %2 ndf 83.03/17
- po 0.0008786 + 0.0001415

0.5 s pi 3.786+0.02247 |

i p2 -4.527  0.1411
i p3 3.345%0.1898
M- MR PR M P N . R
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
N,iwsx = Number of hits per bunch crossing
35
30 :_ —a— Thr =10 p.e. : : : : /
: Y
20 F /
15F A
10} -"/ %21 ndf 51.34/21 |
[ // p0 0.611% 0.01872
5F - p1 1.396 £ 0.01499 |
C ~ p2 -0.03401+ 0.002274
/ p3 0.002257 + 8.942e-05
P n n P P PEFEEE I PR S S -
0 2 4 6 8 10 12 14 16 18 20

N,iwgx = Number of hits per bunch crossing
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ATLAS

OR

Nzer'o/BX = e &all | ESC“ .é‘g-"iﬂgl’l = e €coint =1- €coin ],l
ND
Ngents/BX =e Osinghl =1- €sing H
oa Threshold €A Ec €sing €coin
L =(1-NR as) /€ coin 10 pe 0.269 0.273 0.463 0.0788
i =(1-NAND /€ 15 pe 0.239 0.243 0.420 0.0625
events/BX )/ Esing 50 pe  0.104 0.107 0.199 0.0124

Coinc

AND —(2u N2 — — — _ coinc
NhiTS = NTubes [1 -e ( H Npar‘t/pp (1 e ) U Npart/pp (1 2e ))/Ntubes] —I,I, Nhifs/pp

OR .
Nhits/BX = Niypes [1 - (1- Nhits/pp / Niubes ) ] =l Npire

hits/pp
AND . Threshold NP?i'rs/pp NIfh‘s/pp Nis\ii:“g/pp Nﬁ?’rig}:pp
1 = Npits/x / Nhits/pp 10 pe 0.550 0.559 0.856 0.2530
OR i
UzNhits/Bx/Nps\.!?g/pp 15pe 0.450 0.458 0.719 0.1890
50 pe 0.138 0.142 0.250 0.0299
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ATLAS

Selection of MBTS events using pulseheight and timing cuts and requiring hits

on both sides.

Monte Carlo Data

eSing _ 0400 24664 / 82312 = 0.2996 +—0.0016

cA 0239 14146 / 82312 = 0.1719 +0.0013

et = 0243 12738 / 82312 = 0.1548 +—0.0013

gt _  0.0625 2220/ 82312 = 0.0270 +—0.0006

(2733 /101289 =0.0270 +0.0006 for loser cuts )
Monte Carlo Data

Nﬁ;’,f;‘fpp = 0.189 6653 / 86831 = 0.0766 +—0.0009
N,f;:g,pp = 0719 40765 / 86831 = 0.469 +—0.002

V. Hedberg
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—
=]

I_

—e— Thr =50 p.e.

Efficiency

A

C

/‘ T ““\““\‘LL

20.47 /20
5.791+0.1184
-18.52 + 0.8708
28.54+ 224
-22.92 +2.357
7.11+ 0.8722

/

Number of pp interactions per BX
N W Ae TN e

k.\

u
S e

Hits = 0

Hits = 0

= 0.442

Hits > 1

Hits

1
o

0.2

0.8 1

P,:x = Rate of empty events

—
=3

I_

—e— Thr =50 p.e.

/

x?/ ndf 14.55/21
po 9.743 + 0.5056
p1 -22.24 +2.204
p2 22.69 + 3.024
p3 -10.2+ 1.321

Number of pp interactions per BX
N W oA TN e

\""»..,_

e

u

0.3 04 05

07 08 09 1

P,:x = Rate of empty events

V

7

—e— Thr =50 p.e.

s
A

e

S/

—e— Thr =50 p.e.

el

7

J

81: 0.212

Nhit

s/BX > 1 /

s/Bx < 1

e

Hits = 0

Hits>1

Number of pp interactions per BX

g,=0.212

4.509/16

0.0002508 + 0.0005088
2192+ 0.04776
-1.556+0.1998

Number of pp interactions per BX

0.7095 + 0.1757
I

N

n

n

Hits>1

Hits>1

12

£,=0.135
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Number of pp interactions per BX

W

I
0.8 1
= Number of hits per bunch crossing

489923
p0 0.3856+ 0.04855
/ pt 140.03278
p2 -0.08515 + 0.003487
p3 0001477 + 9.459-05
I I
15 20 25

N,iwsx = Number of hits per bunch crossing

I_

I_

—e— Thr =50 p.e.

e

T T

—e— Thr =50 p.e.

e

g Nhi'rs

A\

P

57.27 /31

0.0007256 + 0.0002138

0.8447 + 0.003484

Number of pp interactions per BX

I
12 14 16

N,iwsx = Number of hits per bunch crossing
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n

r > e
: > Nhits/px > 15
F I
E/K
u x?/ ndf 38.63/ 11
g PO 17.0242.236
N pi -1.291+0.2253
b P2 0.06688+0.005511
I I I
14 16 20 22 24 26
N,iwsx = Number of hits per bunch crossing




What needs to be done ?

Fits for all possible LHC energies are needed.
Study of systematic errors.

Studies using real event samples at low LL.

Studies of the detector response using real event samples.

V. Hedberg Luminosity Working Group 03.12.2009
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16 Plastic
Scintillators

WLS fibers ‘

MBTS has 16 plastic scintillators one each side. They are arranged
in fwo rings and read-out by WLS fibers via the TileCal electronics.
The signals are discriminated and provide a hit pattern that are used
to do four measurements:

Zero-counting-AND  Zero-counting-OR
Hit-counting- AND Hit-counting-OR

The efficiency of the detector is very high for non-diff. events:
&, =0 &, =0.004 €, =0004 §g,=0992 (14 TeV,only non-diff.)

For the two zero-counting-methods, MBTS uses the following function that is fitted to the event

probability (P):
Noo No
L =-po - p1In(P) where P =—— or — and pg, p; are constants
Bx  Nex

For hit counting, MBTS plot p as a function of the hit probability (P) and fit a ratio of two polynomial
functions so that pn can be expressed as

P3 + P4l *+ ps™ + Pe where P = — and Po.---..Pe are constants

Po + p1P + paP? Nax

V. Hedberg Luminosity Working Group 03.12.2009 34
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ATLAS

p1

-4.588e-05 + 0.001915

| Zero Counting - AND, PYTHIA NON DIFF. 900 GeV |

1+ 0.007318

Cinet ~ L

Giner - L

l‘l'tr‘ue

L=p

utrue

TTTT

PO  -4.367e-05+ 0.001907

p1

1.009 + 0.007311

107

| Hit Counting - OR, PYTHIA NON DIFF. 900 GeV |

101

| Hit Counting - AND, PYTHIA NON DIFF. 900 GeV |

threshéld

Ginel * LB

T

threshold = 40

mV

*
0'inel LB

1ts>2+ps<h'its>‘

l‘ltme

l-p2<hits>z

T

’J'true

 Shitss+p < h:its>2+p6<h'its>‘

-55.7 + 0.9483
-3.214 + 0.002478
0.04607 + 0.0008472
-1.559 + 2.193
2102+ 0.2084
-0.09156 + 0.002245

0.0007733 + 9.623e-05

llllllllllllll

V. Hedberg
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A
l p,+p <hits>+p_<hits>?
| po -56 = 1.063
p1 -3.219£ 0.004815
p2 0.04594 = 0.0008864
1 p3 -1.81+ 2.405
p4 2.001= 0.2186
PS5 -0.08406 = 0.001449
p6 0.0006304 = 0.0001229
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ATLAS

Zero Counting - OR, PYTHIA NON DIFF. 10 TeV

| Zero Counting - AND, PYTHIA NON DIFF. 10 TeV |

3 10 I u threshold = 40 mV
E p=p *+pLog(R )
= 82 nar 3.358/ 68
1 PO -4.588e-05+ 0.000283
6l p1 1+ 0.001241
.
2
ol S

u threshold = 40 mV
=p,*pLog(R)) )
x2 I ndf 3.358 /68
p0 -4.588e-05 + 0.000283
p1 1+ 0.001241
A 5 L 4 L L 5 .

| Hits Counting - OR, PYTHIA NON DIFF. 10 TeV |

| Hits Counting - AND, PYTHIA NON DIFF. 10 TeV |

inel

true

V. Hedberg

*

Ginel

threshold = 40 mV

AL it"s"S*’ﬁ;zh‘l(§>z+ps<ﬁits>1

true

o, +p,<hits> l-p2<hits>2

-58.24 + 9.565e-05
-3.259 + 3.072e-06
0.04504 + 9.91e-08
-0.07557 = 0.006521
2.023 +0.0007371

3531/58

10
[l =  threshold = 40 mv
8 _—;;'ﬁ;*p; th‘it"s"s*';‘5;<hits>’+p6<n'its>’
| P raa?
B 30+p1<h|ts> l-p2<h1ts>
6 — %2/ ndf 9029/ 62
| pO -1422 + 0.2467
| p1 -84.07 + 0.005846
41— p2 1.239 + 5.762e-05
~| p3 1.301+0.02716
| p4 54.17 + 0.028
21| p5 -2.675 + 0.002895
| p6 0.03086 + 6.381e-05
Ol_
0....5 10....15..”
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p5 -0.08182 + 3.548e-06
0.0005995 + 5.869-0:"".“
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What needs to be done ?

Monte Carlo samples with a mixture including diffractive events have to be used.

Fits for all possible LHC energies are needed.

Studies of the detector response using real event samples.

Studies where only a few of the 32 segments are used.

Correct for pulses that are longer than the bunch separation time.

V. Hedberg Luminosity Working Group 03.12.2009
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ATLAS

SV1LlV

For Event-Counting-AND

—cA -cC - (cAL~C__Coin
the probability function is > Nappex =1-65H - eV 4e (e”+e"—e=")p
i -cA - A_cA-A
Assume that €4=€€ and that gcoin=gAxgC Nanp/ex = 1-2e © H +e (2e”-€"e")u
Fit
' LucIp =
Nop : =
NBC T E 0.1 ?
O |
o T T §
> 0 L e R
) .
O
£, =0.3430£0.0007 |
0.2 j Z2 — 1.10 .

0 5 10 15 20 25 0 5 10 15 20 25

)
The fit works surprisingly well !
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ATLAS

A separation scan done at 1>1 will be distorted by the non-linear behaviour of
the rate measurement.

SV1LlV

A Gaussian fit gives ¥ = 87.4 um

2500

2000

1500

1000

500

P
P
P51\ ]

Y/ndf180.4 /16

Beam separation scan with LUC%
«102] . . | P 0.2287E+06 + 25.3
3000 fASSLImpTlons. P2 o.wzgz/w

87,38
0.6756E+05 &
0.000 &+

8F 74
.000

Backg. = 30%

-cA - A_ AGA
A fit with Np/ex = 1-26° F o35 E7€DH

gives:

True Measured Difference
L 3 3.2 8%
2 90 um  90.8 Um 0.9%
gA: 0.343 0.321 7%

The fit works better at higher LI where the
distortions are larger !

1 L1 1
-400 -300 -200 —100 0

V. Hedberg

LUCID

1 1
100 200 300

2.(um)

1 1
400

. . -SSMQH
A second fit with Ngop/py = 1- e

to Event-Counting-OR events give £5"9 .
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ATLAS
SV1LlV

All detectors have done a lot of progress towards the goal of
having realistic luminosity algorithms.

But we are not there yet !

Due to a lack of manpower the progress is slow (and LHC running
does not help).

We will have a lot of work to do also in 2010 |
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ATLAS

A C

Zero-counting-AND events are events with no signals in both detectors: |[Hits = 0| | Hits =0

The probability to have a zero-AND event is
égo-l)u -gsingy— Nog Number of measured zero-AND events
- = e - -

N
00/8X Npx Number of bunch crossings

This function can easily be inverted so that 1 can be obtained from the measured events:

N N
nGG=) InGg=
U= le = EX where only one parameter (€g) has to be determined from Monte Carlo
80_ _SSIHQ

The instantaneous luminosity is the obtained from

R In (—NOO
i N
L=22-= fex X =X where G;, = 79-83 mb at 14 TeV

€ = 0.442 (LUCID) = 0.711 (BCM) = O (MBTS) all at 14 TeV
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Even if one can find a simple expression of I as a function of the number of measured empty events,
this does not mean that this expression gives a perfect estimation of L.

Zero Counting AND

— True
—o— Thr =40 p.e.

........................................................................

| —— Thr = 50 p.e.
Thr = 60 p.e. : A i A
-|—e—Thr=70p.e. [ ..... ............. ....... .....

( meas/utrue- 1)[%]

.'..'...'..'...|..!..'..!..'..{..'...'..'...'..!..'...'..'..|

LUCID: =

=
L LI LI L S PRI SO

10" 10" 1 10
lVLtrue = Ginel X LB
The reason for the error in the [L-determination above is migration i.e. the effect of particles with a
low pulseheight (below the discriminator threshold) that add up at large L and produce a total signal
above threshold.
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A C
Hits>1] |Hits>1

Event-counting-OR events are events with a signal in at least one detector:
Probability( Zero-counting-AND ) = 1 - Probability( Event-counting-OR) Hits> 1] | Hits =0
Hits = 0 Hits>1

The probability to have an event-counting-OR event is

éSO‘l)M -1 - e"SSi"QM _ Nor _ Number of measured event-counting-OR events

N =1 -
OR/BX Npx Number of bunch crossings

NOR/BX ~ Ssmg l’l‘ if R << 1

This function can easily be inverted so that | can be obtained from the measured events:

NOR N
ln( - | (1— o where only one parameter (€g) has to be
Nex
M= 80-1 - gsing determined from Monte Carlo

The instantaneous luminosity is the obtained from

Nor
R. In(1-—
L=20= fo X Nax where G;, = 79-83 mb at 14 TeV
GCin Gin €o-1

€o = 0.442 (LUCID) = 0.711 (BCM) = O (MBTS) at 14 TeV
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A

Hits = 0 Hits = 0

Zero-counting-OR events are events with no signals in one or two detectors:

Hits > 1 Hits = 0

Hits = 0 Hits>1

The probability to have a zero-AND event is given by

_No Number of measured zero-OR events
No/gx =— = ,
Npx Number of bunch crossings
(€g+€;-1) €n+E.-1 _ -gA _oC _(cAy oC__Coin _ No
No/szeo =DM | (Bo*Eam I _ o (go-1)p s oM, gEn _ (efet-e ) v
X
€o+€1-1 €o-1 -gA ~(2cA_cCoin No
NO/BX = 26( 0*€1- 1t -e( o-1)u = 228 K -2(28 & )u = N_ if € =€, and gA =¢f
BX

This function cannot be inverted analytically and it depends on two parameters (gg and &;).

V. Hedberg Luminosity Working Group 03.12.2009 45

SV1LlV



A C

Event-counting- AND events are events with a signals in both detectors: Hits > 1
Probability( Zero-counting-OR ) =1 - Probability( Event-counting- AND)

The probability to have an event-counting-AND event is given by

Sing
N _Nanp _ Number of measured event-counting-AND events o
AND/BX Nex ) Number of bunch crossings i
- €0+€1-1) -1 _ _eA -oC - (gA+gC—gCoin
NAND/BX = 1 - &Eo*e H_JEo*e-Dp | (eo-1p _ 1_aEM _ SEH +e( )
Nanpsex = 1-2eFoem i Lol - 1-2a8 M ,J@EA—ECM  if g =g, and g7 =g

This function cannot be inverted analytically and it depends on two parameters (&g and &;).

Nanp/ex =60 1 if p <<1

V. Hedberg Luminosity Working Group 03.12.2009



Event-counting-XOR events are events with signals in only one detector:

The probability to have an event-counting-XOR event on side A is given by

A C
Hits>1 Hits = 0
or
Hits = 0 Hits > 1

_Na Number of measured event-counting-XOR-side A events
Na/gx =— = ,
Ngx Number of bunch crossings
(Eo+&1-1)U  (go-1)M
Na/x = e -e

and for side C one gets

N¢/gx =

(Eo+E2-1)u
e

_6(80- Dp

These functions cannot be inverted analytically and they depends on two parameters.

V. Hedberg
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ATLAS

A C
Hits > 1 Hits > 1
Hit-counting-OR is a method which uses the hits in any detector: - _
Hits> 1] | Hits = 0
Hits = 0 Hits > 1

If the detectors counted the true number of particles then

Npart/Bx The average number of detected particles per bunch crossing

u: -

Npart/pp The average number of detected particles per inelastic pp interaction

Instead the detectors count hits and at large | there will be several particles in each detector element.

The number of particles can, however, be estimated from the number of hits:

N
NPC""r = - Niybes x In (1 - h”s
N1'ub

and so

In (1 _ Nhits/BX)

V. Hedberg Luminosity Working Group 03.12.2009

where Ny ,pes is the number of detector elements i.e. tubes in
the case of LUCID and scintillator segments in the case of MBTS.
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ATLAS

SV1LlV

A C

Hit-counting- AND is a method which uses the hits under the condition that both oS 1 TS T

sides have hits:

The average number of particles in a bunch crossing can be estimated in this mode from the expected
number of hits for one inelastic pp interaction and the efficiencies. Assuming that the detector response
on side A and side C are identical one gets

N 2uN —H Comc SA . NA _NC A C
part/BX = 21 Njqrt/pp (1 = ) Npart/pp (1 = ) if Npart/pp = Npart/pp and £%=¢

. : N
where Npg. is obtained from Npits by  Noart = - Niypes x IN (1 _ _hits
N'I'ubes

— A _HSA Coi u e
Nhits/Bx = N'rubes[ 1 - e(zuNpapr(l —e ) H N"“"r;c/pp - ))/N*”bes]

What is needed is | expressed as Nj;;s but the function above cannot be inverted analytically.

Coinc A
Nhits/Bx = Nfubes[ 1-e HNpart/pp =2 Npaﬂ/pp)/Nmbes] for large p

Coi
Nhits/Bx = “Np:r'-27pp for small p
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ATLAS

Compare the methods zero-counting- AND with event-counting-OR:

(€0-1

Zero-counting-AND: e )u: Ni

Event-counting-OR: 1
Npx

Conclusion: NOO = NBX - NOR

statistical uncertainty.

Zero- AND Event-OR
Hits = 0 Hits = 0 Hits>1 Hits> 1
i > i =
) (80’1)” _ NOR Hits> 1 Hits 0
e - N Hits = 0 Hits>1
BX

where Ngx is a constant and so both methods have the same

Compare the methods event-counting-AND with event-counting-OR

Conclusion: Npop > Nanp

Event-AND Event-OR
1 Hits>1 Hits> 1| | Hits>1 Hits > 1
Hits > 1 Hits = 0
Hits = 0 Hits > 1

Compare the methods event-counting-OR with hit-counting-OR:

Nor/mex = 1 - e(go-l)l'l ~ "l’(l_ao) = 0.56 for L << 1 and 14 TeV
N, =N _ hrrs/pp
hits/BX tubes [1 (1 N*Ubes ) ]
Conclusion: Npi+s = 2Nop
V. Hedberg
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~ WWNnits/pp = 1.20p for P << 1 and 14 TeV
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