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» ATLAS forward detectors

» Forward physics and strategy in ATLAS

» Future plans: AFP

> First results on luminosity measurements
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ATLAS forward detectors
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las rigger cintillator

(MBTS)

* 32 (16+16) wedge shaped plastic scintillators
connected to PMTs

* Two segments in n

* A =n/4, 2.1 < |n| < 3.8

* Trigger on Minimum Bias events

16 Plastic
Scintillators

* \Vetos halo and beam gas events

* Provide LVL1 trigger information
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minosity measurement using herenkov

ntegrating etector (LUCID)

Big Wheel / N

Muon Chambers

EO Muon Chambers containing
‘ Cerenkov tubes
|

Forward Shielding
Cylindrical Octagonal

TX1S (Nose) Shielding
Monobloc Washers

services

Cerenkov tubes ™

® Online Luminosity Monitor, Interaction trigger (low luminosity)
* Array of gaseous Cherenkov detectors
® Sensitive to charged particles pointing to the primary pp collisions

Instantaneous

Rate of p-p Number of p-p / \ \

interactions seen interactions/BC as Interaction rate Efficiency and_accepta_mce
by LUCID measured by LUCID to detect p-p interactions
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egree alorimeter

TAN slot

60 _ 60 150 100 150 0 150 150 150

e The ZDC will measure production of neutral particles in the forward
direction in heavy ions and p-p collisions

e 1 electromagnetic calorimeter (not yet installed) and 3 hadronic
calorimeter modules

* Tungsten/Quartz calorimeter covering |n| > 8.3 for neutrals
* Quartz strips for energy measurements
e Horizontal rods for coordinate measurements
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bsolute uminosity or TLAS

(ALFA)

e Measure o, , and absolute luminosity with a precision of 2-3%

* Two roman pot stations on each side of the ATLAS IP. Each station is made
of an upper and a lower detector

®* The detectors are scintillating fiber trackers

e Need high-B* optics and low luminosity runs (10>’ cm™@s™)

® One station installed, 3 others will be by Xmas 2010

Front-End Elec.

= i IVacuum Flange|

| Fibre Connectors ‘

20 x 64 Fibers
(Tracker)

Overlap Fiber
Detector

Roman Pot

LHC Beam i
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ATLAS pseudo-rapidity coverage

0201::!?;0 FeAt Main detECtor
* Inner detector In| < 2.5
e EM calorimeters In| < 3.2
e Hadronic calorimeters In| < 4.9
® Muon spectromater In| < 2.7
n
9_
g s Pythia v6.319 MBTS
7E BCM Forward detectors
6
sE- e MBTS 2.1 < |n| <3.8
af e LUCID 5.6 < |n|] < 5.9
3f- e ZDC In|] > 8.3
2f e ALFA 10.6 < |n|] < 13.5
=
-1; -10A“ -5“ ‘OA‘ 5 10 15
n
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Forward physics to be studied
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Single-Diffractive Double-Diffractive Double Pomeron  Single+Double
(SD) (DD) Exchange (DPE)  Diffractive (SDD)
JOPICS STRATEGIES
e Soft diffraction * Rapidity Gaps in different n regions
and with different configurations and/or
e Hard Diffraction measurement of forward protons :
* Forward regions for Single
e Central Exclusive Production Diffractive (SD), double diffractive
(CEP) and Central Exclusive Production
(CEP)
e Gaps between jets * Central calorimeter (jet-jet, DPE)
®* Requirements :
e Elastic scattering * Dedicated detectors
* Low noise in detectors
* No pile-up
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Soft single/double diffraction

® Low t-process where color singlet is
exchanged between the two protons, and one }X(M )
or the two protons break up into a dissociative p .
system

* Large cross sections at LHC : D () D

e O, ~ 12mb “('6’

e 0,,~ /7 mb
e Diffractive events can be tagged by Single diffraction (SD)
identifying a rapidity gap between :

* outgoing proton and dissociative system in SD

* the two dissociative systems in DD b })( (Mx)
|RP | RP LUCIDJ ATLAS | Mlucp |RP | RP
: ZDC _ ZDC I 5 } Y(MY)
| P | (t)
RP [[RP ||zDc || LUCID LUCID |[zpc |[RP ||RP
ATLAS : :
240m  140m 17m 17m 140m  240m Double diffraction (DD)
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Soft single/double diffraction

Using central detector, FCAL, LUCID and the ZDC

® Rapidity gap in the central detector, LUCID and ZDC used to infer an outgoing proton
e Diffractive mass, M,, of the dissociative system measured and the fractional momentum

loss of the (intact) proton defined: M2

M x

E_—
S

* M, measured using calorimeter clusters and tracking information

® The aim is to reconstruct € on an event-by-event basis
® Expect to collect ~ 1M events in two weeks at L = 103! cm=2 st

Using the ALFA detector
® ALFA as a good acceptance for SD events in dedicated
runs :
» 50% acceptance for & ~ 0.01 |PZ ’
» 10% acceptance for & ~ 0.1 E=1- |p |

® Accuracy on fractional momentum loss: 03 |
~ 8% for € ~ 0.01
~ 2% for & ~ 0.1 ’

08 —

0.7 |

acceptance

0.6 |- pythia

0.5 h

0.1

0

e Expect 1.2-1.8M events in 100 hrs at L = 1027 cm2 s 0 002 0.04 006 0.08 0.1 0.12 0.14 0.160.%‘;”0.2
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Diffractive dijets production

Experimental signal : Hard scattering events d
(Jets, W,...) with gap on one side of the detector g (x)

e Goal of the measurement :

jet

jet

* Diffractive structure functions (dPDFs)
* Factorization breaking :
* R(SD/ND) (gap)

 R(DPE/SD) T Nt >
* Trigger using single jet triggers Single diffractive
dijet production
* Looking into LUCID, ZDC and MBTS for gap - : P
requirement -
T
= Expect a few thousand SD di-jet events in 100 pb-! g;ﬂ“
with E;>20 GeV (after trigger prescale and gap ]

requirement) 2

= Expect approximatively 10 DPE events in the same ey,
kinematic region
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Central Exclusive dijet Production

Experimental signal : Two high p. jets and no extra hadronic activity.

Gaps between the jets and protons

* Rapidity gaps between central dijet system (|n| < 2.5)
and outgoing protons

* No hadronic activity must be seen in FCAL, LUCID and

ZDC

* Protons are scattered through very small angles, not
detected by ATLAS.

e Expect CEP rate to be much larger than DPE with such
criteria

* Measurement of DPE/CEP di-jet production at 14 TeV :

®* To constrain the theoretical model by comparing with

CDF measurements

®* To understand the structure of diffractive exchange
gy comparision with prediction from electron-proton
ata

Expect a few hundred CEP events after trig?er and
analysis cuts with E;>20 GeV in 20 pb! of data
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See
Paolo Francavilla's talk for
jet studies
p P
jet
jet
P P
CEP
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Gaps between jets

Experimental signal : Two high p. jets separated in the detector by a

large pseudo-rapidity gap (An > 3)

* Di-jet production via colour singlet exchange

* Observable of interest is the gap-fraction, i.e. the
fraction of events with little activity between the jets

* ATLAS can make an improved measurement with
increased E_, and available phase space

* Measurement up to gap-fraction An~9, 9.5

Measurements should be possible with 10 pb-* of data
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Elastic scattering (ALFA)

Measurement of the differential elastic cross section at very low t to be
sensitive to the Coulomb and the interference region provides very good
precision on absolute luminosity and total cross section measurements

do. 47 a® GY(t) _ Owa(p—ag) G*(t) exp(— b |t|/2)

(t) =
dt ‘t‘z |f‘ dNel doel
dt - E dt - f‘(fcl Otot, br p)

(1+ p%) 07 exp(=D [t])
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ero egree alorimeter

(ZDC)

e Will perform studies in both heavy ions and pp runs e /
by measuring the production of neutral particles at 0° N\
(n, y, n) Ve
@
e Direction and amplitude of the impact parameter yT |
* Measures centrality
gm s D ATC 0 21 o preliminary
* Minimum Bias trigger i i
* Rapidity gap trigger veto N T
e Luminosity measurements : Pt a
e during heavy ions runs with a precision better A o f T
than 5 % , t
* during p-p runs, the ZDC coincidence is a
background free luminosity monitor e }L o ]l |
? ? ! horizontal scan (1:1m)

Vernier scan for PHENIX
at RHIC
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Future: TLAS orward hysics

program (AFP)

. . . . ) , Wn[ﬁ'ﬂﬂw—djj'ﬂ:ﬂzﬁ_*_‘ b
* At high luminosity, pile-up events will 11 T fﬁm—'ﬂﬂ—

fill in the gaps, need to tag the very »20m -
forward protons ¢ e 42@ -

y{mm)

. beam g 1
» New detectors at £220m and £420m " o —c3

* Use fast timing to reduce the ‘ ' T
background

* Good acceptance and mass resolution

® Tracking system to detect and
reconstruct the 2 leading protons (1 prad
angular resolution) —» 3D Si detector

* Timing system (10-20 ps resolution) to
identify the primary vertex —» Cerenkov
photon detectors

* Beam proximity — Radiation hardness
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Future: TLAS orward hysics

program (AFP)

Processes pp - p+®+p > "F@ Combined
N 5) + smear meas. ang. 1-rad
(g 6 [EL smear meas. ang. 2<rad
. . =] -
* Protons remain intact, scattered b 5 s
with very small angles 2 4
e All the momentum lost by the Q < Jf
o 0 »
protons goes to the production of ) S |
the central system ® 2r
pz 1
Goal: Measure the IOnglFudlnaI 0 45865005 130 40601 85 300 236 340
momentum of the outgoing protons Mass of Higgs (GeV)
Higgs mass resolution for
* CEP Higgs Boson Studies (See 4204420 and 420+220
Marek Tasevski and Rafal Staszewski)
i nggs ma.ss, qua_ntum _numbers’ § :_ IP1 Acceptances 420+420 §0.7;IP1 Acceptances 420/220
discovery in certain regions of 8 %% Siicon distance 2 6 sitcon istance
MSSM/NMSSM §0_4l — 3mm § g * 2mm
< | ~ Smm <05p - amm
. . 03 SN e 'mm . ; . 22
* Slepton pair production ; oo Z: ’
02 ~F
H 5 2 . - :': 0.2
® Gluino pair production for split- o1 ¢ ol
SUSY mOdeIS 00:.|..~.nﬁ°{‘4"\,.‘.\.‘.|..wH.\.‘.l....u\.uw 00:.\‘.JJL.L T
*~ 40 60 80 100 120 140 160 180 200 220 240 " 40 60 80 100 120 140 160 180 200 220 240
Mass of Higgs (GeV) Mass of Higgs (GeV)

More details in : 2009 JINST 4 T10001
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Instantaneaous luminosity

measurement in ATLAS

® Based on instantaneous relative luminosity
measurements normalized using calibration
constants (MC or beam parameters)

e Overall method:

_Huf
J‘gdt—o_—

Vis

® Method applied with MBTS, LUCID and LAr
EndCap, chargeg particle event counting

® Cross section used to normalize the
measurements is 71.5 mb (ND, SD, DD from
Pythia)

e Systematic uncertainties (~20%) are
dominated by differences observed between
PYTHIA and PHOJET prediction

e Systematics will be reduced with VdM scan
calibration (~5-10 %)

J. L™ gt = 75.6 + 15.1 (stat @ syst) w b'

n T 77— —#%— beam 1
o 10t - ATLAS Preliminary —— beam 2
E
Lﬁ F —e— beam1 & beam?2
10° ; |:| selected events
10°
10k
1
20 40 60
time [ns]
_"T—' T I T T T |
& 1.2, ]
|E O MMN
S o 0 gy N
R']_' 1T OO0,
9 OM'Q'-O-
~ 0.8 —
> i
3 .
£ 06 - ]
g C ATLAS Preliminary MBTS ]
~ 0 4__ LHC fill 1022;\'s=7 TeV —— LUCID Norm. to MBTS ~ _|
’ B —&— LAr Norm. to MBTS 7
0.2 5

1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
22:00 00:00 02:00 04:00 06:00 08:00 10:00
UTC Time: April 4, 2010
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More details in : ATL-COM-LUM-2010-002
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First luminosity measurement with

LUCID

Luminosity determination per bunch crossing

with LUCID
HIT COUNTING ZERO COUNTING
pp sng
A Nhits:nd 1 , _ 1 " Nzeroand)
- N o aphis—and . ZERO—AND™ ¢ NS

<= ZieBClD Hi

o

f

inel

® Luminosity determination per bunch crossing

e Systematic uncertainty ~20%

More details in : ATL-COM-LUM-2010-020

- ET | | I I T e
" 1028
'E ATLAS Preliminary Luminosity measured by LUCID
(&) 1 027 \/§=7 TeV Bkg for single side trigger
_'251 026 Bkg for coincidence trigger
k%)
(@]
£10%°
E :I
i 334 i 4 Wk g
3 | 24 ik W%ﬁmﬁw&ﬁ i Mm\m m},ﬁf m%m* W it
—110% i %F%H i ril{i f\ﬂl f
10 I —T— I —T— 41;
102k BE
1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 Il 1 I 1 1 1 1
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Time (min)
x10%’
T/_\ 30 .J- T T I I I T T I T T T T I T T ]
%) C ]
C\IIE C + LHC Bunch=1 -
L = LHC Bunch=101 ]
9/ 25 C + LHC Bunch=201 —
- C + LHC Bunch=301 ]
= C LHC Bunch=1786 N
8 20~ = LHC Bunch=1886 ]
c C LHC Bunch=1986 ]
g 15 :_ © LHC Bunch=2086 _:
- C ]
10 =
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I E s=7TeV ]
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0400 500 600 700 800 900
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Conclusion

* ATLAS has variety of forward detectors: MBTS, LUCID, ZDC, ALFA
* At low luminosity several diffractive topics can be studied

e Handshake with machine for luminosity optimisation and
measurement

* Measurements with up to 10 pb:

* Soft single and double diffraction
* Gaps between jets

e Measurements with up to 200 pb-:

e Exclusive di-jet production
* Single diffractive di-jet production
* Prospects after 2010 :

e Single diffraction and elastic scattering with ALFA
* New physics studies if AFP is installed
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Photon induced lepton pair

production
P T & ﬂ! -

* Exclusive dilepton production :
® two isolated leptons back-to-back
® gaps in forward region
e exclusive vertex (no other tracks than from leptons)
® Processes :
® Photoproduction-lepton pairs through J/w and Y resonnances
* Two photon production - non-resonant lepton pairs from yy - |*I

Simulation predict several hundreds two-photon and Upsilon
events in the di-muon channel selection for 100 pb!
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AFP trigger

*Trigger scheme (LVL1 + HLT) :
e LVL1 : high p,in the central region + signal at both 220 m stations

r RP220 only PL. AND PR track with  cut
JET 1 Et JET 1 AND 2 > 40 Gev
PL track (XA-xB=0) - JET Rapidity correlation ?
o / Dijet ENERGY /TOTAL >0,9
RP 220 0\ C—tD,
1 KHz @ 10%
20-30 KHz @ 10%

® Quoted latency for LVL1 trigger : 1921 ns (with some uncertainties)
e Large LVL1 bandwidth (~30%) @ 103*cm—s!
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