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Outline

« ATLAS and forward detectors.

« Forward rapidity gap measurements [Eur. Phys. J. C72 (2012) 1926]
[arXiv:1104.0326].

« Total inelastic cross section [Nature Commun. 2 (2011) 463]
[arXiv:1104.0326)].

 Inclusive (forward) jet cross section at 7 TeV [Phys.Rev. D86 (2012)
014022][arXiv:1112.6297].

« Inclusive (forward) jet cross section at 2.76 TeV and a comparison
with the cross section at 7TeV [ATLAS-CONF-2012-128].

« Dijet production with a veto on additional jet activity [JHEP 1109
(2011) 053]

« Forward energy flow [JHEP11(2012)033][arXiv:1208.6256].
« ZDC measurements in pp collisions at 7 TeV (performance).

« Electromagnetic dissociation in HI collisions, peripheral interactions
(performance).

« Summary.
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The ATLAS forward
calorimeter , FCAL cover the
region 3.2 <|n| <4.9
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Rapidity Gap Cross Sections in pp Interactions at sqrt(s) = 7 TeV measured
with the ATLAS detector.

Eur. Phys. J. C72 (2012) 1926.



@3 Forward physics, gap signatures
and soft interactions.

Single diffractive dissociation (SD) Single diffraction test the triple

}x (M,) pomeron vertex.
P 2 : :
p
- P X ~ P
} Rapidity gap i ; : clhe
P — P S o
(t) Zoed #)—ex (D) ]
Double diffractive dissociation (DD) dil o (EL] o (fixed s)
Mi( L N [EI{I} = a(0)+ o' r]
p }X (M,) SX o * do 1
S i.e approx: EEE_
} Rapidity gap o Sx
2 i " ~ —
p }Y(MY) M7 And since: A1 log €

—~ § _-
(t) s ‘
Where §, = M, for single diffraction -

At the LHC energy the dissociated masses can
4 vary between m +m_and ~1 TeV.




A particle is
detected when
| a good quality
| track is found

A rapidity gap is a
region of the
detector where no

particles are In| < '2n5 or a
detected (an calorimeter
“empty” region), M cluster with
between the # energy above
border of the threshold with
detector Eloc>S, is
acceptance at |n| | By found outside
=4.9 and the first | IMPERR Rl the tracking

particle with pT> region

200,400,600,800 (MeV) » ATLAS Acceptance alows to investigate
diffractive systems with M, >~ 7GeV and M, <~

7GeV in the case of DD.
5 « Maximum gap size studied by ATLAS An = 8.



No model is able to
describe the data
In the whole interval !, not
even the rise with rapidity
gap size at the largest An.

Data P, > 600 MeV
Data p, > 800 MeV

do/dAn’ [mb]
2

10 e ATLAS
- e, \s=7TeV

|

Rise in the p_ cut increases the

rapidity gap size but the diffractive
6 plateau dissapear at mid rapidities.

Rapidity gap measurements
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do/dAn" [mb]

MC/Data

N

Il

and non-diffractive
contributions.

e All models exhibit different
admixtures of diffractive

* Diffractive plateau with ~ 1

mb per unit of rapidity gap
size for An > 3, broadly
described by the models.
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] Extracting the pomeron intercept 7
value a.,(0) from LHC data.

= A PYTHIA 8 model with the ———

Donnachie-Landshoff flux E e ATLAS o0 DataL=7.4ub" —
parametrization was fitted to the ‘" \s=7TeV — PYTHIA8 DLFIT 3
p. > 200 MeV ]

data. 3 T }
3 PYTHIA8 MC Tune i

Fitin region 6 <An' < 8

=> At large rapidity gaps it shows a 01,(0) = 1.058£0.003(stat)!""*(sys.)

very good agreement, while large
differences are found at gaps of 2-4
units.

—
o

t

=» Maybe due to large diffractive
mass effects, large hadronization m14_""_
fluctuations in the ND models, the o 19 E
contribution from sub-leading O 1E :
trajectory exchange or to the lack of 2 0.8F
correctly modelling the background ~ 06E . . . . . =
processes contributiong with gap o1 ¢ 3 4 5 06 7 8
signatures as central diffraction,

8 photoproduction or gamma-gamma

interactions.




Measurement of the Inelastic Proton-Proton Cross-Section at sqrt(s) =7
TeV with the ATLAS Detector

Nature Commun. 2 (2011) 463



Total inelastic cross-section
measured by ATLAS

E T T IIIIII| T T IIIIIII T T IIIIIII T T IIIIIII
- i . 6 . .
= 100 ° Data:2010\;s.=7'TeV.§>5x10_6 ] ° Extrapo|ated value:
— R Schuler and Sjostrand: & > 5 x 10 |
[ [ ee=eee- PHOJET (Engel etal.): &>5x10° ]
© 80 B A Data 2010\'s = 7 TeV: extrap. to & > m3/s ]
— Uncertainty (incl. extrapolation) . —2 = b
B — — — Schuler and Sjostrand Al 69.4 12.4 (exp. )i 6.9(8)(:17”. ) m
B - meme Block and Halzen 2011 oy T
I~ [ Achillietal. (arXiv:1102.1949) . . i .
60— N » Fiducial cross section:
L o pp Data _ -
- 0 pp Data o -
- — -
401 000, 5 oW aras 1 60.33+£2.10 ( exp. ) mb
N *. » aide s -
20 Theoretical predictions and data are shown for & > mf,/s unless specified otherwise ]
- ATLAS data exirapolated using Pythia implementation of Donnachie-Landshoff model ] ____Central Exclusive
0 1 1 IIIIII| 1 1 IIIIIII 1 1 IIIIIII 1 | IIIIIII i E]"'-Ti,-"

1 10 102 10° 10’ J [ s
\'s [GeV] d

Mon-Diffractive

Single Diff,

« Extrapolated value in good agreement with
models.

« Diffractive processes togheter account for ~ 30 %
10 of the total inelastic cross section at the LHC.
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Forward jet measurements

 Measurement of inclusive jet and dijet cross sections in proton-
proton collisions at 7 TeV centre-of-mass energy with the ATLAS
detector

Phys.Rev. D86 (2012) 014022

 Measurement of the inclusive jet cross section in pp collisions at
sgrt(s) = 2.76 TeV and comparison to the inclusive jet cross section
at sqrt(s) = 7 TeV using the ATLAS detector

(Preliminary)
ATLAS-CONF-2012-128

 Measurement of dijet production with a veto on additional central
jet activity in pp collisions at sqrt(s) = 7 TeV using the ATLAS
detector

JHEP 1109 (2011) 053



II
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» Kinematic reach of the inclusive jet 52
analysis increased to include the & ™

Inclusive forward jet
measurements

forward region, compared to
previous measurement.

* To measure in the forward regionis
challenging due to increased JES

>
)
5x10°

2x10?

10

Inclusive jet cross section kinematic reach -
I Summer 2010 JL dt=17 nb"+

I This analysis IL dt =37 pb’

= Kinematic limit

anti-k, jets, A = 0.6 i
Is=7TeV

rt I t 20 | | | L]
SyS. uncertainty. 0 05 1 15 2 25 3 35 4 45 5
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-og 0'8 C ati & . 8 0 6 r |:| JER systematic uncertainty -og 0'8 O JES systematic = -
§ 0.6 ; é 5 ) E [T ] others systematic uncertainties E § 0.6 ;; [ JER systematic é
=) - . (]>_) 0_4 = — ) H |:| Others systematic uncertainties .
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Forward jet event at 7 TeV

. Jet (p, = 3.37 TeV, y = -4) reconstructed in the forward calorimeter.
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predictions
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 Large kinematic regime covered in this measurements.
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* In general quite good description of the data.
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* In the forward region, at sqrt(s)=7TeV,

()

_[ L dt=37 pb™

\s=7 TeV
anti-k, jets, R=0.6

— o

[ ]

P
PSS
#26%%

Data with
statistical error
Systematic
uncertainties

NLOJET++
{CT10, p,:pfr”a") S
Non-pert. corr.
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PYTHIA AUET2B
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(CT10, },L=p$°"‘) [
PYTHIA Perugia2011

POWHEG
(CT10, u=pb°m ®
HERWIG AUET2

POWHEG fixed order
(CT10, u=p_*l’_°r”) <
MNon-pert. corr.

tension between NLO predictions and

data.

Inclusive (forward) jets

2E21<|y <28

Ratio wrt NLOJET++

36<ly <44

P, [GeV]

ATLAS

Preliminary

Ldt=0.20pb "

\s =2.76 TeV
anti-k; R = 0.6

Data with

—e— statistical

uncertainty

Systematic
uncertainties

NLOJET++
(CT10, _u=p:_““}| X
non-pert. corr.
POWHEG
(CT10, _u.=pf_’°m)><
HERWIG AUET2
POWHEG
(CT10, _u=pf_’°”“)><
PYTHIA AUET2B
POWHEG
(CT10, _u.=pf_’°m)><
PY¥THIA Perugiaz011

« Agreement between data and theory
(POWHEG+PYTHIA) restored at lower

c.m. energy in the forward region ( softer

jet p; spectrum ).
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* Good agreement in the forward region
for the cross section ratio given with the

POWHEG predictions.
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e Combined

ATLAS +
HERA 1

data used in
the PDF fit.

Harder xg
and softer
xS at large
x found
after the
inclusion of
the ATLAS
data in the
fit.
Reduction
of the
uncertainty
in the gluon
distribution.

relative uncertainty

xS

relative uncertainty

1.15
1.1
1.05

0.95
0.9
0.85

Inclusive jet cross section ratio
(2.76 TeV/ 7TeV) (NEW)

= 9GeV
HERA | 13p fit

-
==+ HERA + ATLAS R=0.6 fit

ATLAS
Preliminary

10°

102

107"

— .
Q% =1.9 GeV?

B HERA| 13p fit

=== HERA + ATLAS R=0.6 fit

ATLAS
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Dijet production with a central
(jet) veto.

 BFKL dynamics is expected to be increasingly important
for large rapidity intervals.

Effects of the wide angle soft gluon radiation can be
studied in the limit <p_>/Q  >> 1

» Color singlet exchange is expected to become important

|4y] if both conditions are satisfied at the same time.
L r_{:l.[
r . . . . . .
Ay S Non- forward B ® T NIS process is also important in Higgs searches in the
(Mueller-Navelet jets)  (Mueller-Tang jets) — \/BF production mechanism where a central jet veto is
s T applied to reject background, in the Higgs plus 2 jets
e, channel.

Wide-angle soft
radation « Two different ways to define the Dijet system:

1.- The Dijet system two leading p. jets.

2.- The Dijet system the most forward and the most
> backward jet.

17 - Gap fraction: Fraction of dijet events that not have an additional jet with ap_> Q.



Dissagreement between data and
NLO predictions at large Ay, lack of a
fully comprehensive QCD picture in

this limit.
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As function of <p_.>, HEJ predict a larger fraction of
gap events at larger <p_.>. While POWHEG gives
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Dijet production with a central

(jet) veto

- Gap fraction as a function of the veto on the energy scale (Q,).
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described by NLO models



Measurements of the pseudorapidity dependence of the total transverse
energy in proton-proton collisions at sqrt(s)=7 TeV with ATLAS

JHEP11(2012)033
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(Forward) Transverse
Energy Flow

* Measured in two different event - Track and topological cluster based 2E_ algorithm
samples MinBias and Dijet with |n| < 4.8, p.>500 MeV (charged), p,>200 MeV
(neutrals).

* Electromagnetic scale determined with

TT,—YY decays in the forward
1.- Summed over all @ in the MinBias sample

Leading Charged-Particle Jet

detector.
> 18000 T T T T T T T T T T T T T T T T T T T T o
2 ATLAS \s = 7 TeV e Data 2.- For transverse (yzllow) region in events
S 10 NS with a central Dijet system (sensitive to the
T_ 14000 .
2 CIMC (1) underlying event).
=
L

‘I\I|III|\II|III|III|III|\II'_

10000 42<n<48 0=0
8000
6000 N
_ I
4000 Av=3 3
2000
0 , R R R BRTE o Transverse Transverse
0 100 200 300 400 500 600 700 Region Region
My [MeV]
Ap=2n =2
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Energy density distribution

_{(MinBias)
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0O 05 1 15

« EPOS model between the best descriptors of the data (Heavy lon - cosnm

shower generator).

2 25

3

3.5

* Energy density underestimated in the forward region by all the models.

air
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e Similar conclusions as for MinBias selection, although

23 better description of Herwig++.
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 EPOS tune to the LHC data not based in underlying event measurements.
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Performance of the ZDC detector in pp (at 7TeV) and HI (at 2.76 TeV)
collisions and its potential to study peripheral interactions.
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Summary

. Rapidity gaps have been measured up to An_=8 from the FCal edge.

. Soft diffraction broadly described by single soft pomeron with intercept as expected.

. Low mass diffraction beyond the current experimental acceptance (ALFA data
analysis on elastic and single diffraction are ongoing in runs with special optics).

« Inclusive jet cross section measured for jets up to rapidities of 4.4 (for the first time —
in hadron-hadron collisions) — Tension between the NLO predictions and/or PDFs in
the forward region, but in general good agreement with NLO predictions.

- Dijet measurement with a veto on additional jet activity show depart from the NLO
predictions in the large Ay regime, need improved description of the soft activity and
color singlet echange processes.

. Energy flow not well described in the forward region by current models.

. Good performance of ZDC in (low lumi) pp and HI collisions, specially useful for
tagging UPCs with nuclear break-up.
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Dijet production with a central

(jet) veto.

To quantify the additional radiation in the region defined by the two jets system, we use:
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« ALPGEN + HERWIG+JIMMY show the largest deviation from the data.
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Diffractive modelling and PDFs
tunes (mlnblas)
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Distributions reveal dependent on the role of diffractive processes.

« Several PDFs and tunes used in Pythia8, specially sensitive to the high and low-x gluon
PDF, where uncertainties are larger in the PDF fits.

 When going from the CTEQ 6L1 to the MSTW2008 LO PDFs, decreases the amount of
energy in the central region while it increases in the forward region.
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Photoproduction of vector

mesons with ATLAS

 Photon

fluxes
larger than
in pp
collisions
by a factor
of Z2.

The LHC
acting as
an
effective
vy and yP
collider.

Pb Pb
b

(p,w,Y) H
wY) I/ (em)
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Pb Pb

Pb Pb
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Pb Pb

» Speciffic triggers for

ultraperipheral
collisions (UPCs) were
defined on 2011 PbPb
and pPb 2013 runs,
several analyses are
ongoing.

UPC provides
unique oportunities
to study low-x
physics in PbPb
and pPb collisions.

Systems with masses
of the order

2y hcl R~100GeV

can be produced in
PbPb collisions.
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