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Outline

ADiffractive events; topology

ADetector setup ¢ ALICE, ATLAS & CMS

See TOTEM resultsG. Catanes(tomorrow)

AResults

1) Diffraction
1) Fractions
2) Kinematics

2) Dijetsand central exclusive production

AOutlook



Diffraction
»"AAT OOAl AE,
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Figureadapted fromTorbjérnSjostrand MCnetschool, 2008.
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No measurement of the proton for the time being, rely on Large Rapidity Gaps

Experimentallychallenging to classify diffractive evemtseeR.Oravgtomorrow)
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Detector setup - ALICE

ITS (Inner Tracking System) SPD i Inner layers O o®a
- 3.9 ¢cm 7.6 cm radii 2.8<h 5.1
‘h ‘ <2 - better than 100em
resolution : !
<1. VOoC a T8 O
‘h‘ 1.4 - provide the SPD _37 ‘47 <17
trigger signal . .
A Provide the VOA and

VOC trigger signals
A Time resolution better
than 1ns

ZN ‘h‘>8.7
zbCat °116m  zp  |yl>84

Provide the ZDCA and VZDCC trigger signals



" ATLAS Forward detectors

on both side

L

ATLAS

ALFA at 240 m ZDC at 140 m LUCID at17 m MBTS at 3.6 m
10.6<|d | < 13.||d | > 8. 3 56<|d | < 5121<|d | <
Not yet fully
installed

Central Detector covers
Inner Tracker || < 2.5 EM calorimeter |n| < 3.2
Hadronic Calorimeter || < 4.9 Muon Spectrometer |n| < 2.7




Forward detectors CMS
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CASTOR: niitl. interaction point
AW absorber/quartz Sw*’/"(‘)';ﬁ:?;e“s"‘ i\ B S g Arapidity coverage:
plates ‘z“- v . . ; . i y 3 < |h| <5
A@14m from IP 7 A B & ASteel
A5.2<d<6.6 L absorbers/quartz
A16 segmentsin @ —— fibers (Long+short

"8 fibers)
& A0O. 175x0. 175
| segmentation

(EM/HAD) segments in z
(no h segmentation)




N and-— coverage

Detectors used in this study
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Differing Models

SD DD
Vi PYTHIA | PHOJET| PYTHIA | PHOJET
900 GeV 22.2% 19.2% 12.2% 6.4%
2.36 TeV 21.0% 16.2% 12.8% 5. 7%
7 TeV 19.3% 14.1% 12.8% 5.1%
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a.ee1 -

il

Pythia 8,138 — —
Pythia 6.414
Phojet 1,12
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B.66881
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AA large fraction of mibias events
are diffractive

ATrue cross sections at LHC energies
are not known

AScaling of cross sections with
energy is model dependent

AKinematics of diffractive events
differ between models



Fractions- ALICE

windependent offline trigger combinations (GFO, VOA, VOC, ZDCA, ZDEGY: 2
combinations
0 o Q - Q - Q- Q -

wefficienciesq- ) from modelg sensitive to kinematic differences

wusel  of each type to minimise..

32 trigger combinations
4 unknown fractions (f)

1 constrainDB™Q p

V0o t 29 degrees ofreedom (of)




Fractions ALICE %y,

//7'0/‘O
r@SS
Adat ao created with dAtr.
PHOJET
PYTHIA and PHOJET
50:50 FIT
100,000 events i 900 GeV
ND 0.690 | 0.657 0.015 _
SD 0206 | 0.012 0.017 Errors propagated through fit.
DD 0.104 | 0.115 0.020 FIT RESULTS COMPARED WITH USING MC
NI 0 00 0030 FRACTIONS, AND 16 CONTOUR
a) —
a - —~—_ PYTHIA (blue)
/dOf - 189/29 u—0_13:_ ( “«\_\ PYW fractions
PYTHIA TN PHOJET-FIT . pHOJEIHited
50:50 FIT o
ND 0.690 | 0.717 0.009 TRUEé______‘_————v———- “True” (black) fractions
L ~_ 1o CONTOL)R for 50 % PYTHIA-
SD 0.206 | 0.212 0.010 0.1 g ) PHOJET mix sample
DD | 0.104 | 0.071 0.013 ooo- o e o
TH re
NI 0 0.0 0.0220 PHOJET MC fractions
. Jdof | - 20.8/29 008 |l el Ll L

0.195 0.2 0.205 0.210.215 0.22 0.225 0.23
fSD

Z Matthews et alALICENT2008027



g T T T T I T T I. \. I T T T T I
c 0.09 ATLAS Preliminary
0.08 —— Data
--o-- Pythiaé MC09

0.07 Pythias

0.06 —e— Phojet
d S 0.05
T o b

Fraction L ATLASarLasconmoi0048

Inelastic events:

- events with activity in the MBT8 )

- atleastone track withn

Gap events:

L Tt Q w@nd ||

Cd

- events with activity only in one side of MBS |

- atleastone track withr)

LV TTIt'Q @And ||

0.04
0.03
0.02
0.01.

‘.ll\III|IIII|\I\I‘I\II|III\|I\I\|\III|II\II

Not correclted for detectorleffects
1 1 1 1 1

> 1 track with p;>0.5 GeV, n|<2.5

\Ns=7TeV

I\I\l\III|IIII|\I\I‘I\II|III\|I\I\|\f'JI|I \IIII

01 02

1 I 1 L |
0.3

(Opp+05p)/ (Cpp+O5p+ONp)

P I T T S B!
0.4 0.5

Cd

1,169,508 data

—

12-20% diffractive MC

_ 52,801-data
85-98% diffractive MC

N

Rss_N

any
D ND
— AESSD T S SND
D ND
AanySD T nys ND
A = acceptance (model
dependent)

wPYTHIA agrees better than PHOJ
with data.

wBoth models ~ 30% diffractive



Ratio(MC/Data)
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Gap event sample dominated by diffractive

events

Distribution steeper than inclusive sample
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Not corrected for detector effects
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Diffraction kinematics ATLAS
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Ratio(MC/Data)
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Diffraction kinematics ATLAS

PHOJET agrees very well with data
PYTHIA 8 slightly softer
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Uncorrected for detector and experimental effects



At low delta eta all 3 describe data well

At high delta eta PYTHIA 6 underestimates rate of -

Diffraction kinematics ATLAS
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Observation of diffractior CMS

A Triggerc BPTX and beam scintillator counter CMS PAS F 001

A Number of events after cuts: 207345 for 9G@Vand 11848 for 2.36eV

o 09T
Q C ]
S 08 2 , : fractional momentum loss of the
E 07F 2o scattered proton.
06F & wm z ®
o | ,O 0
< 05
0-45_ . - . -
0l Low efficiency for selecting events which:
I N, | i) escape undetected with very low 3
ﬂ-1§- — PYTHIA SD _ vaIueS;
R o TP i) have almost no charged activity
05 45 4 35 3 25 2 -5 -
10g;¢/Cgen)
Diffractive events identified in three ways: Traditi | f d
1. The multiplicity in the forward hadron calorimeter (HF). raditional forward gap
2. The sum of HF tower energy. definition

3. Sum over alialotowers:s B (O 1 ); relatedto momentum loss of
scattered protong expect diffractive peak at low values



dN/dE, . (GeV")

Observation of diffraction CMS

SD signature = Large Rapidity Gap
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Uncorrected for detector and experimental effects



Observation of diffractior CMS
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the ND component of data
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better

2.36TeV

Uncorrected for detector and experimental effects



ded(ZEmz) (GeV")

Enriched SD sampl€CMS

Require low activity on one side

=>E(HP) < 8GeV
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Central Exclusive production

wlntact protons can be detected in forward detectc
wDetection of rapidity gap

wCentral systemi, = 0, Geven, Peven state
wJ/PsiH,

wStrong suppression of background =>
clean signal => only few events enough to
determine Higgs quantum numbers

In CMS: High Precision Spectrometers, However:
In ATLAS: ATLAS Forward Protons
In ALICE: ALICE Diffractive

Low cross section

Pileup

SeelForward physics with CMSD. Cerci (today)



Dijet production with a jet vetoATLAS

o TIOQand|w) T&

A Gap events are a subset of events that do not contain an additional jet’with

A Atleast 2 good ant Q jets (R=0.6) with

veto scale (§

o TTOQ)un the rapidity interval between thdijets

A Gap events fraction studied as a function of mé&arand rapidity separation of the

jets.
A Boundarydijet selection:

Selection A: hardest jets in the event

Gap Fraction

MC/data

Selection B: most forward and most
backward jets in the event
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