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ATLAS measures the luminosity for each individual pair of colliding LHC bunches:
11245.5 Hz (LHC revolution frequency)

/ Hyis

o[ = fLuc ndige f
LHC
BC Ginel Gvis

140000 1 1 is the average number
120000 - of pp-interactions
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Hyis = €L Measured from detector rates
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Number of bunch crossings

20000 A

Oyis = €0jne| Measured in beam separation scans
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Number of pp-interactions in a bunch crossing

How can one measure OC,;s ?
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ATLAS
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ATLAS measures the luminosity for each individual pair of colliding LHC bunches:
11245.5 Hz (LHC revolution fr'equer'ICY) é 140000 - L is the average number
/ M g 120000 - of pp-interactions

ch = fLuc = f Hvis el
c 2

BC Ginel LH Gvis § 80000 -

S 60000 -

Hyis = Measured from detector rates £ 0000 |
2

Oyis = SGmeI Measured in beam separation scans 20000 1
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effucuency & accep‘rance 0 2 4 6 8 10 12 14 16 18 20 22 24

Number of pp-interactions in a bunch crossing

p1(x,y) <«— Transverse proton density functions — — P2(X,Y)

Y Bunch 2
Bunch 1
X

Number of protons = Number of protons

peak
= fLre Np1ng2 | p1(x,y)pa(x,y)dxdy = f cnping, =
p PI LHCMp1Pp T -—

1 The sigma of scan curves
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Lumi. from scan:

Lumi. from counting events:
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Specific luminosity:

ook fie 1
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BCID

2752—
2702—
2652—
2602—
967—
17—
867—
817—
331—
281—
231—
181—
131—
81—

A ScanVIll BCMEventOR |
Scan VIII LUCIDEventOR |

L'V —

May 2011

ATLAS Preliminary

> Lo [10°° cm2 57" bunch™ (107 p) ]

What is the systematic error on f,?:kZXZY ?
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k
Syst. error on hig ZXZY (in 2010)

p(x.,y) = p(x) p(y) - 0.9% The rest (beam centering,beam position jitter,

Emmittance growth - 0.5% length scale & fit model) have all €£0.3% each.

Measurement of L, - 0.5% Total error: 1.3%
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DCCT: DC Current Transformer FBCT: Fast Beam Current Transformer
Measures the total current Measures the fraction of the current

in each bunch.
Number of  Calibrated scale factor

protons in
bunch j

NFBCT
Z NFBCT

T~ . \ -
pj = ( aNPECT - Nbaseline Nghosfchar‘ge)

What is the systematic error ?
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ATLAS

DCCT: DC Current Transformer FBCT: Fast Beam Current Transformer
Measures the total current Measures the fraction of the current

in each bunch.
Number of  Calibrated scale factor

protons in

NFBCT
bunch j

T~ . \ -
pj = ( aNPECT - Nbaseline Nghosfchar‘ge)

) NFBCT
f bt

Syst. error on NpiNp2: 2.7% ® <0.1% @ negligible ® 1.6% = 3.1%

Total calibration error = Error scan ® Error current = 1.3% ® 3.1% = 3.4%
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Comparison of the - (or L;s)
value obtained from different
methods and detectors provide ¢
the systematic errors in the B
determination of L.

E—ATLAS Preliminary o MBTS_Event AND — ‘Tm

— 2010 data o LUCID_Event AND 2

;— o BCM_Event_OR _; ':"E>J|

Z I

g....I....I....I....I....I....I....I....I....I....g

0.5 1 15 2 25 3 3.5 M4 4.5 5
Hedberg EPS Conference 2011

G 25
2
= 2
&
o 1.5
S 1
j‘_l
\E 0.5
£ 0
)
T{s -0.5
- -1
-1.5
-2
-2.5
Vincent

L L B
ATLAS Preliminary

;_ Scan data LHC Fill 1783
- o BCMV_EventOR
E MOY 201 1 ° Lucid__Eve(ra\?OR

m  Lucid EventAND

O 4 N W A OO

- _g._ ________ -t tw
iy RIS e it
-1
1.0%
_2:—
_3: L | L | Ll
0 0.5 1 1.5 2 2.5
uBCMH_EventOR

e L L I

- ATLAS Preliminary J
5;_ 2011 data o BCMH_EventAND -
4 - [m] BCMV_EventOR ]

- BCMV_EventAND I
3 = v Lucid_EventOR =

B = Tile E
oF e FCal =

- 2.0% 7
/= A =
Oy =
4 _DPboBoBoBoonoscfesgonnh )__:
_3:I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I:
3 4 5 6 7 8 9

<u>

BCMH_EventOR

9



ATLAS

Comparisons of average |l-values from different methods
and detectors as a function of time give information about
the long-term stability.
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Background subtraction: *0%

Total error: +3 4%
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ATLAS

Number of protons Transverse proton

Bunch 1 { Bunch 2 in bunch 1 and 2 density functions
n — 3 <— Ny SN
Np1 Ny A BffL‘lzc "pl"pZIPI(X:Y)pZ(ch)dXdY
p1(x.y) p2(x.y) 11245.5 Hz (LHC revolution frequency)

-— Measured number of W,Z or inelastic events

Neven'rs i
J~ c[ == —  Cross section from theory

®____ Efficiency and acceptance from simulation

2

T T /('«p)e N

Ratio of real to imaginary part Slope parameter

of the elastic scattering amplitude
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"OR" Trigger Detector C

Signals in at least one detector
— _
NP
— = |
— 1

Nchannels

1]

L L

"OR" Trigger
Signals in at least one detector

"AND" Trigger
Signals in both detectors

=

s

L

1] [
L
1]
] L

In this example there is 3 “hits” and 4 "particles”
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ATLAS

LL () ) & Visible II" is the Li-value obtained from a measuremen‘l'
chszHC . I-fLH p Lglls of a fraction (f) of events, hits or particles .
ine VIS ¥~ The "visible cross section” is a calibration constant.
l OR-evenT-counﬁng:

Particles

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

f - measured fraction
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AND -event-counting:

-1 :
f AND= :/::D = 1+¢ RHvis _2e 2 (1+R)LLy;s

where R = G&';/GC{;'D

Hit-counting:

Nhi'rs = Ll
f . - 1_ e HV'S
hits NBC Nch
Particle-counting:
f - Npar"r

part~ — = Hyis
Ngc Ncnh 15



ATLAS

p1(x,y) <«— Transverse proton density functions —

Number of protons

peak

Np1Np2

Bunch 1 Bunch 2
n
pl Np2

Number of protons

e =FLrenpinga [P1(x.Y)p2(x.y)dxdy =fi,ic

If both beams are Gaussian and

4772 circular with width =
Y Bunch 2 Basic idea:
Bunch 1
gxa Lo Move the beam(s).
4n52 Measure a rate proportional
to luminosity.
offset 2
=f e Np1Np2 e— a6 2=\2 0o The X from the scan curves
BC 471TG2 and n, gives peak luminosity
hich calibrates peak rate
peak n.in n.in w P :
o[ac =finc P P2 of,,  PL P2 Ay
9 2n, %,
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Hvis
: : peak Ny1Ny2 T
Circular Gaussian beam; CZBC :fLHC& § | ATLAS Preliminary com
2122 ] s .
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pXcific interaction rate u's/n
o
SN

Elliptical Gaussian beam; DZBC =fLhe P-_P<

N 3
a =
M(S
MN

ny1N : .
Beam of any shape: JBC =f e p17p2 Myis(Xo) Hyis(Yo)
2T [hyis(Ax)dAx  [pyis(Ay)day
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. c Luminosity for each pair of bunches in the LHC
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