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Forward physics in ATLAS

ATLAS proposes a two-stage program:

1: Luminosity calibration with Roman Pot detectors from
elastic scattering in the Coulomb region using special
beam optics with high *.

Relative luminosity monitoring by an integrated Cerenkov
detector LUCID up to highest luminosity.

2: Hard diffractive physics, exclusive central diffraction,
double-Pomeron exchange, requiring proton tagging and
momentum-loss measurements at collision optics.

Studies for radhard RP detectors at 220m are ongoing,
complementing FP420 studies.
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The ATLAS detector
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Motivation for a precise Luminosity determination

Determination of Standard Model cross sections N e — N oo
e heavy quark production Oop = AO\S L g
e W/Z production il

e QCD jet cross sections
—~>Background for searches, constraints of PDFs

Theorectical predictions at the level of 5% §3°
with prospect for improvements (NNLO). i';
E 20 |

New physics manifesting in deviation of ¢ x BR
relative to the Standard Model predictions

10 |
Important precision measurements oeramoos < e 1o
e Higgs production ¢ x BR b e e PR

102 103

e tanf measurement for MSSM Higgs my (GeV)
Relative precision on the measurement of o;,xBR
for various channels, as function of my,, at J/Ldt = 300
fbL. The dominant uncertainty is from Luminosity:
10% (open symbols), 5% (solid symbols).

(ATLAS-TDR-15, May 1999)
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Methods of Luminosity measurements

Absolute luminosity

from the parameters of the LHC machine

rate of pp2>Z% WE> [ F/Iv

rate of pp2yy2>ut u

Optical theorem: forward elastic+total inelastic rate, extrapolation
t—=>0 (but limited |n| coverage in ATLAS)

cross-check with ZDC in heavy ion runs

e from elastic scattering in the Coulomb region

e combinations of all above

Relative luminosity
e LUCID Cerenkov monitor, large dynamic range, excellent linearity

ATLAS aims for 2-3% accuracy in L
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Luminosity from elastic scattering

Measure elastic pp-scattering down to
very small angles (~3 prad)

108
e operate tracking detectors very i ¥ E"‘"""""'”'"’"Jf
. — exponential fit
close to the beam, 100 =1.2mm -+ \%
¢ high B* optics S [ e
parallel-to-point focusing 2107k e
e reconstruct the t-spectrum f T
o fit L to the t-spectrum _ T
P . UA4 measurement
d o, . Bl
—w =Lﬂ"|:C+|:N‘2z 2BEM+ tOt(I +p)e e 0 0 707 T 708 ¥ 0.12
t t=0 ‘t‘ 4 It (GeV?’)
8Tagm 42
Coulomb region: FCzFN _tmin SszGX].O GeV :>(9min <3.5urad
0
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Detector requirements

Physics & operation requirements

detector resolution 64, = 30 um , beam spot size =120 um at RP
(t-resolution dominated by beam divergence)

detector sensitivity up to the edge towards the beam

(‘edgeless detector’, insensitive region d, < 100um at the edge)
position accuracy ~ 10 um relative between top and bottom detector
(stringent survey and metrology requirements)

radiation tolerance 100 Gy/yr (dominated by beam halo)

rate capability O(1 MHz) and time resolution O(5 ns)

insensitive to EM pulse from the bunched beam

Integration & construction constraints
integration in the readout/DAQ/trigger scheme of ATLAS

LHC safety, control and interlock requirements
limited resources and tight schedule
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Roman Pots for ATLAS
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Roman Pot detectors

Roman Pot
MAPMTs mechanics
FE electronics (TOTEM design)

& shield
PMT baseplate

optical connectors

scintillating fibre
> detectors
overlap&trigger

> Roman Pot
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The Roman Pot (modified TOTEM design)
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Top view
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64 fibres per module plane

trigger scintillator in the crossing area
overlap detectors for relative vertical alignment
overlap triggers in the beam halo

10 double sided modules per pot
= staggering of modules by n\2x0.5mm/10

12

ATLAS luminosity and forward physics

AN\

HERA-LHC workshop




detector prototypes
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reference 0.17mm
ceramic
substrate
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Beam tests of ALFA prototypes

Purpose of the testbeam:

- photoelectric yield
- efficiency

- cross talk

- edge sensitivity

- track resolution

proof of principle

At DESY22, 6 GeV e-
October/November 2005
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testbeam results: photoelectric yield and cross talk

IC 14

- OPERA readout [l 100
104 (900 V) ;T’idf 1554, ;’23{22
z =R $334,

Pz 4,768
B3 10.54
P4 d.1454a

107
- Fhe—gauss fit — Logarithmic scale

total optical
cross talk = 4%

<Npe>/MIP=4-4.5



testbeam results: efficiency

BRI = _
& 98 LB y S 50F — siDat
2 o6 3 :“% N 7 [ - Edge Fit
L b ¥ =
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= “4 -_ ﬂh&‘\l\ _ é
1.'3 L Ek —
90 W fibre 2003 \i .
- A fibre 183 \ ] i
86 'V fibro 1643 g T L S330 ALFA 2 2 32
F fibre 143 B, i 10 [
86 -0 fibre 123 \:‘QE - i
A _
84 __ D e R A A L 5 B e
P T T T A T T M I T T M T T N N T T T A SO A I_SEDD I._-‘.-il-l:”:‘l I._-‘:E!'DD
0 0z 04 06 0.8 1 1.2 1.4 Lo
cul [pae.] ¥ (Lm)

insensitive area
at the edge < 30 pym
(limited by resolution)

single fibre efficiency 90-94%
(depends on cut)
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testbeam results

= AL R F i T R DR z 140 | | | | | | |
= 1o o) 2
= i Higma .'-: E 5
= b am - = foof Jp— ]
2 1200 - & telescope | — - telescope e A o .
= [ ] Swo | A A+B/E fit -
= 1000 | . SRR .
800 [ ' . e SN )
600 | . 60 — Mh'“}ﬁ" ]
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400 | | i s ]
200 F | _ - 20 | ;
{'- _|||||.|.;||_||||||||||_||||.|||||'_ 1 {-|||||||||||||||||||||||||||||||||||||
200 -150 -100 50 0 50 100 150 200 T T S S S S
residual[m) Beam energy [GeV)
AtE =6 GeV | o,[um] | o, [um] €[%] = resolution scales like 1/E
= large multiple scattering contribution
Sitelescope |29.9 295 ? = expect o, ,=20pm from MC at LHC
ALFA 36.00 36.56 98.99
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Beam optics: high B*

Transversal displacement of

1B B
particles in the ring away from y= F(COSLPJ’“ SN )y ++/8 sin'¥,

the IP:
[ =2625 m
Special optics with high #* and parallel-to-point focusing: 'Bg = &)
o =0
y*“ par allel-to-point focusing Vi ¥ ~ 90°
L =10% cm ?s™!
" ' independent of the vertex position
/ * * * * \2
0'd=0.12mm You = VPP ey:Leﬁ,yey;_t:(pe )
0 . =2.7 urad parallel -to - point ,90° phase advance
min '
6., =44.7 urad

t _=0.0004GeV?| properties at the roman pot (240m)
t _ =0.098GeV?
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Simulation of elastic scattering
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L from a fit to the t-spectrum

dN 2
— = LaF.+F|
dt
2 2 —Blt|/2 2 2 \,—Blt|
| [452P(cf _opone®? oz lrpe
li§ t 167(hc)®
. Simulating 10 M events,
- -
i running 100 hrs
%‘ fit range 0.00055-0.03
S
z input fit error cgrrel
210 —— PYTHIA ation
E 0 005 0.1 015 02 025 0.3 035 04 li.':lsx(:.l:: P L 8.124 1026 8.1 62 1026 1.5 %
S — it
7]
= O\t 100 mb 101.1 mb | 0.74% | -99%
-
=
0.59¢
i B 18 Gev2 | 17.95 Gev? o 64%
4.249
P 0.15 0.1502 % 92%
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experimental systematic uncertainties

Currently under re-evaluation

1.2 . — ——
= beam divergence ¢’=0.23purad : i
genc H impact of beam divergence
= detector resolution 11 -
= detector alignment “
= background from § 1
=Halo =
"beam-gas
0.9
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"non-elastic o
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= beam optics uncertainties : _
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LUCID:Luminosity measurement using Cerenkov integrating detector

Front face of LUCID end is ~17m from the IP - covering 5.4 <|n|< 6.1

LUCID IN ASSEMBLY WITH BEAMPIPE AND TX18 SHIELDING

LUCID IN THE SUPPORT CONE -
Beampipe support
cone

photomultipliers
services

from J.Pinfold
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LUCID detector principle

Two detectors x 168 Al tubes filled with
C,F,, or Isobutane at 1 or 2 Bar pressure

Winston Cones Fibres

Winston cones at the end of the tubes bring
the Cerenkov light onto quartz fibers.

Front view (Z = 16976 mm)
New design:

LUCID Cross-section

T f'bm 4 layers x 42 tubes x 7 fibers = 1176 fibers
= mm
Layer 1 Layer 2 Layer 3 Layer 4

FMEMNATLIIV WUIRDSIIVUY AT LAO IUTTITIUSILY dllu 1ulwalu PIiysiusS
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LUCID test beam performance

RUN 548: 200000 e TestBeam #PE over Pressure
Zero PEh Channel 146 TUbEB HUI"I 439-447
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10 4 e e e e
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= <Npe>/Cerenkov tube = 5.3, a bit lower than anticipated from simulation
= triggered design improvements for tubes/winston cones/fibre coupling
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LUCID luminosity monitoring

Response Correlation

Sensitive to primaries — projective geometry — smaller - ’ : : : :
signals for secondaries & soft particles: i R : ‘ : ‘
e shorter paths length for secondaries S [ et S ' T g I
e Cerenkov thresholds 2 : :
S 40_ ................. ................... .................. .
No Landau fluctuations in Cerenkov emission 3
counting multiple tracks/tube — no saturation - " e S B 1
]
Excellent time resolution g 5 R 5 A S T P i
e ~140ps @ CDF 5 ‘ " Linear response
e Luminosity bunch-by-bunch £ P A . A i
Linear relationship between lumi & track counting z
CD 5 |ID IiEr ZID 2‘5 JID HB
. . . . . Number of Events per Crossing
Segmentation in tubes gives position sensitivity
o 10“ Response Amplitude Distribution

Radiation hard - light — compact

Number of Crossings = 4000 :
Number of Events per Crossing =31 |

2‘5 e E . F‘y‘[hiaSelB B
Calibration using —— WithiutPipe
elastic scattering data L WithPipe |
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I
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Forward physics beyond luminosity

s + From the luminosity run and
= L bestfit with stat. error band elastic scattering we get
& i incl. both TEVATRON points i

© 00| —— tomalerrorband of bestfit. /A1 || " thetotal cross section oy

- total crréur band from all 11i0dels - " the nuclear slope B

i considered : - 1. the p-parameter

a0 | ' T
gl ... to some accuracy
Cosmic :Rayg

% B.
o :
|
> 1
| L
10"
Js [GeV]
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hard diffraction with ATLAS ?

another pot
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A new study for RP detectors at ~220 m for DPE
at high luminosity has started
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acceptance study

= Place two horizontal RP stations around 220m
= Run at high luminosity with collision optics
= Si strip / micromegas detectors studied

= Cerenkov counters for timing considered
= extension of the luminosity program, complementary to FP420
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conclusion

ATLAS luminosity program

e with roman pot detectors from elastic scattering for absolute
calibration

complemented by W/Z counting and yy-processes
and machine parameters

with LUCID for luminosity monitoring

gaining experience in operation close to the beam
2006: testbeams for ALFA and LUCID, final design
construction 2006/2007, installation 2007/2008

Upgrade options
e RP220 under study to explore hard diffraction & DPE

e complementing/extending FP420
e time scale 2008-2009
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