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Introduction

e N

- The ALFA detector is designed to perform an absolute measurement of the
luminosity at the interaction point of ATLAS and the fotal cross sectfion with a
precision of a few percent using elasfic scattering

« This measurement wil adllow the calibrafion of all the detectors which
response scales with the luminosity and especially the LUCD detector that will
provide a bunch per bunch luminosity determination during the data taking of
ATLAS

« Measuring the differential elasfic cross section as a funcfion of the 4-

momentum tfransfer squared ¢ will also provide a precise measurement of the
nuclear slope B and the ratio of the real over the imaginary part of the forward
\elostic scattering amplitude p )
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Principle of the measurement

* The rate of elastic scattering is linked to the fotal inferaction rate through the
opfical theorem, which states that the tofal cross section is directly proportional
to the imaginary part of the nuclear forward elastic scattering amplitude
extrapolated to zero momentum transfer:

.

where at small values of ¢ : > Y
_ 2 2 A{ p,
—t=(p,—p,) ~po y

The differential elastic cross section is linked to the luminosity through the
number of event as a function of the t-value N ;:

ciﬁJd__igjdcrd

dt dt

-

~
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Principle of the measurement

* At small ~values the differential elastic cross section can be written as:

@t

do,

—3|F +F |P=

e Pure coulombian term:

4 -2 Proton
2 2 4
do._4moa’(he) G(1) with G (t)= 1+% electromagnetic
dt ] ' form factor
.
« Pure nuclear term:
d“n O (1+p) —exp (—B|t) Phase of the Coulomb
\dt 161 (he) amplitude relative to the
« Interference term: nuclear amplitude
d —ap(1))G(t)
o TP $lD)GLY) exp (—B|¢t|/2) | with ¢ (¢)=In 2 —y
dt 7] Blt|
_ /
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Principle of the measurement

o, =100 mb, B=18 GeV >, p=0.13

Differential elastic cross section
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Principle of the measurement

/

\

« To obfain the 2-3 % absolute precision we must approach the coulombian region
as close as possible which implies a dedicated run

e Low luminosity runs 10°” cm™.s' (43 bunches of 10'"°particles)
« Dedicated optics:

« NO crossing angle

« High B~ of 2625 m to minimize / Y

the angular divergence 0,=Yy

>
>

- Parallel-to-point focusing with 90° v

phase advance in the vertical plane
to focus parficles with the same L
scattering angle at the same vertical v
position in the detector

- Y

eff

A
vy
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Principle of the measurement

-

* The minimum ¢ achievable is given by an unscattered parficle in the
horizontal plane and with the minimum scatfering angle inferceptable in the
vertical one:

2 2
y 2 p ymin
O ,=F— ::> 1= PO ) =
" VBB BB
WITh ymin:nmino-y:nmin\/eﬁ
We obtain the following formula:
2 2 €
_tmm:p Min 75—
Bip
ey=1 umrad
n =12 [r,m.n=3.710“GeV2 = elp,y=3umd]
p=TTeV

\

/
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The ALFA Detector

Q1Q2®ﬂf D'

TAS NOQXA MOXB  MQXADFBX  MBXW

AT

02 04

TN |MBRC MaY|

DABL T7 !

oML OFBA [ MOM ' MBA

L L)L

/ A
Roman Pots

lower detector.

N

« ALFA = Absolute Luminosity For ATLAS

« Two roman pot stations in the forward
direction on each side of the inferaction point
of ATLAS. Each station contains an upper and d

« Each detector is made of a 20x64
scintillating fibers tracker readout by a 64
channels MAPMT. The compact front end
electronics is mounted on top of the MAPMT.

v

Front-End Elec.

"3 lVacuum FIangel

| Fibre Connectors |

20 x 64 Fibers
(Tracker)

Overlap Fiber
Detector

Roman Pot

LHC Beam
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The ALFA Detector

-

( The tracker:

« 500 pm width squared scintillating fibers

70 um staggering between consecutive layers

30 um resolution in x and y

* The overlap detectors:

* In order to determine the #-scale, we must know
very precisely the relative position between the

lower and the upper detectors

- The overlap defecfors are meant to measure this

distance with a precision up to 10 pm

« Mecanically fixed to the main tracker these
detectors (3x30 horizontal scintillating fiber
tracker) overlap when the lower and the upper

parfs are brought to data taking posifion

Top
detector

}zBmm

>Bottom
detector

Upper
Main fracker

N\

Overlap
regon  :

Lower
Main tracker
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The ALFA Detector

" August 2008
Test-Beam results
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% Ty a Measurement procedure
* The overall acceptance (optics and detector) cannot be COMPET E\
determined empirically. It has to be done using a full — T T T
simulafion.
« We use a three steps simulation: )
- Generation using Pythia 6.4 or 8.1
Generation range: 4 10” < -f < 0.3 GeV? b L LT
o = 100mb, p=0.13 (From COMPETE") SEURETE SRR 1L
and B =18 GeV~’ ol RN
« Transport using MAD-X thintrack |
* Reconstruction of the #-spectrum 05 [ LA
ot
| |
-0_055——'— t &_)
« This will allow to correct the detected | | S
spectrum including all systematic effects. ° T e
\ 10° 10° 104/

! Cudell JR, Ezhela VV, Gauron P, Kang K, Kuyanov YV, Lugovsky SB, et al. Benchmarks for the forward observables
at RHIC, the Tevatron-run Il, and the LHC. Physical review letters. 2002 Nov
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Measurement procedure

‘ Example with 1M events |

Generated logarithmic spectrum

Scattering picture at the roman pot

35000; %_
300002— é_
25000; i—
20000; ;_
15000% ;_
100002— é_
5000; §_
% 45 4 35 3 25 2 A5 - = igaw(ltl? _20;_
; 255720151055 0 5 10 15 20 25
0.0007 <-1<0.0013 GeV x [mm]
0.007 <-£<0.013 GeV?
0.07 <-1<0.13 GeV?
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Measurement procedure

x10°
_8 350:— (7 3
Z .0 Reconstructed _
T Example with 10M events
2500 Acceptance = 67 %
2001~
1501 ) ’
C Optical and detector acceptance
100 g T :
502_ '§ o.sf—
05254 405 .0 <
©=log, (|t 0.6
— i
0.4
. x10° i
@ O
S 3003_\ Generated .
250/ R S ¥ Sy B e Y
- t=log, (It1)
200
150§— 1- Losses due fo accelerator acceptance
1005 (Magnet aperture)
500 2- Losses due to defector acceptance (Effect
o . of the distance to the beam center)

-1 05 O
T= Iog1o(|t|)
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dN/dt
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x10°

Measurement procedure

Logarithmic generated spectrum

- Generated
- Reconstructed
Corrected

-t
o
S

Cor/Gen

1.02

TOM events

—h

0.98

0.96

-1.5

-1 -05 0
t=log, (It])

Ratio of the corrected over the generated spectra

TTA——

-1.5 -1
t=log_ (It)

.

The luminosity, the fotal cross section, B and p are determined by fitting
the corrected spectrum represented by the black dofs on the left plof.
Beeing at 120 from the center of the beam does not adllow to measure
the pure coulomb contribution.

~
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Precision of the measurement

-

All figures in brackets are the systematic uncertainfies obtained on the luminosity
for TOM events

- Beam properties

« Nominal energy measurement (0.2 %)

« Angular divergence (0.3 %)

» Energy dispersion (< 1%o)

« Beam spread (< 1%o)

« Measurement of the optical parameters (3*, phase advance...) (1.2 %)

« Detector properties

« Resolution (0.3 %)
« Detector alignment (1.3 %)
« Geometrical detector acceptance (0.5 %)

\
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Precision of the measurement

Background
H . 7 EEEE———————
- Main sources: 107 g
. %‘10 6% —— beam-gas
 Non elastic processes g A . MC
(e.g. Single Diffraction) 105 TR BC -
- Halo events )
- Beam-gas 0t
« Momentum and betatron cleaning 103
- Tagging and substraction: 0%
10 E
 Back to back topology
« Acollinearity 1 E
« Vertex reconstruction 0 a4 o |
-30 20 10 0 10 20 30
y [o,]
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Precision of the measurement

\

-

Summary

[Nominol result forf ¥ =36 10% Cm-z]

100h

[

Detector properties

Tofal uncertainty

Statistical error
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Conclusion

-

 All beam tests done so far have confirmed the detector
behaviour and main parameters (layer efficiency, spatial
resolution...)

« As a consequence, the final production and assembling is on
going and all detectors should be calibrated and ready for next
summer

« Extremely challenging measurement
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Backup

-

N =(Nb pp interactiondetected per bunch crossing pi ,,.,;p) X ( Filling factor f ,.)

« LUCD (Luminosity measurement using Cerenkov Integrating Detfector)

« Inelastic events infercepted for 5.5 =n < 6.1

 Rate of detected charged parficle a luminosity : 25

2 [

- Extrapolation of the low luminosity measurement thanks "ot
to a perfect linearity: ko]

15|
* Hruep MUST be defermined at each luminosity: :
10
« Low: Nb of bunch crossing without detection/with detection

« Medium: Nb of tubes recording some signal

« High: Nb of charged particle detected (W WS EEREE RN S

5

10

15

20 25

_u:o'""Ln/
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Backup

Efa coverage of ATLAS and
subdetector
Tracki . T — Pots
rackig | CAUNES (oo TAS | : Romains
| | | | | | | |
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Backup

» Reconstruction method:

u=+/f[/8*(cos¢+ a*sing))u" + /[33*

u — ug =2v3p*sing - 6'::,

u — Ug
2Leﬂ,u

0 = with Lerru = v/ (38*)sin ¢

If we consider the four RPs for the reconstruction it gives for the y axis:

Yrey VAP YR, VAP,
Letr, , Lets, , Let, , Ler, ,
Orp, , = 5 Orp,, = 5
And finally :
(62 +62) x (7 TeV)?
ILreu:';cu"?srrue:';r@aﬂ’ —
4
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Backup

« Beam momentum calibration™:
« Measurement of the central frequency

Ze

P :ﬁ ¢ B ( S) dS - Pdipole + Pquadmpole + Pother
e
Pdipole:ﬁ (BL)d .
C_C a : momentum compaction factor
P puadrupote=— 1 ¢ C. Actual orbit length
« C C : Central orbit length

C = h[j c

S re

« Magnetfic calibrations (Derive fromn magnetic calibration curves of the dipole)

« Energy calibration with ion beams

-

! . Wenninger , Beam momentum calibration at the LHC, LHC project note 334 2004, Jan
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@ £ £ Backup
- I
Ratio of the differential elastic cross section without
the CNI contribution over the one with the CNI
12
1.15_—
1.1:—
105
1:"|| """""""""""""" - T
1073 1072 1?" ) ,
\ lti=(po)” [GeV?] /
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