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4 analyses: 1) Vetoing one side of detector

2) Soft rapidity gaps
3) Jet veto

4) Otot) Oel) Oinel Wlfh ALFA
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Gaps in the detector

Typical Single-Diffraction event: activity on one side (proton remnants + possibly hard scatter),
the other part of detector empty.

Ngs
(Nss+Nps)

Measure Rgs = , where N.. = single-sided, N, = double-sided
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Diffraction enhanced MinBias events .

Nature Comm 2 (2011) 1926

L= 20 ub~1, single fill in March 2010, <p> ~ 0.01

Event selection:
1) Veto activity in MBTS on one side of IP
2) Nevie 21 (pr > 0.5 GeV, |n| < 2.5)

1) Ratio of diffraction enhanced to inclusive events
2) Inelastic cross section
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Diffraction enhanced MinBias events |

Ngs

Measure RSS = m ,

where N.; = single-sided, N,; = double-sided

R as a function of f;, - fraction of diffractive to inelastic events
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MC generators based on triple Pomeron exchange:

0.16/— —A— Schuler-Sjostrand PYTHIA 8 = _

[~ --F-}- Bruni and Ingelman = Triple-pomeron vertex
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1

01 015 02 025 03 035 04 Measured 0je; = 60.33%2.10 mb for £>5x107.
Extrapolating to full &-range using DL MC gives
Data: Rgs = [10.02 + 0.03 (stat.) *%1 (syst.)] % o

- syst.unc. from background, MBTS response, material

Oine1(§ > mp/s) = 69.4 + 2.4 + 6.9(extr.) mb

fp=26.9 J_’%j(s) - syst.unc. from varying DD/SD event ratio between
0.0 and 1.0 using default DL model and still consistent with data Rgs = 10
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Rapidity gaps in soft processes

—

Eur. Phys. J. C72 (2012) 1926

L= 7.1 ub~1, taken in March 2010, p < 0.005

Event selection:

1) Only good tracks with p; > 200 MeV

2) Only calorimeter cells with E > noise (~50,,pise)

3) Look for empty n-rings starting from the edge of calorimeter (|n| < 4.9)

Study:

1) Gap spectrum

2) Predictions of various MC models
3) Diffraction dynamics




— Eapidity gaps in soft processes

Definitions of gaps

Detector level:

S T ____ + P
Detector divided into n-rings of size 0.1 -
|n. thg calorl-meter (|n|<4.9) Single Diffractive Topology
Ring is considered empty if
- No track with p; > 200 MeV (|n|<2.5) I _ |,
- No calo cell with E > 4.5-5.5 6,,5;5.(n) (In|<4.9) | > ¢ =7 < 1 #0 1 2 =3 44 45

+ P
Hadron level: -_.
Phase space divided into n-rings of size 0.1 Double Diffractive Topology
Ring is considered empty if
- No stable particle with pr > 200 MeV D e e e ot ™S S S ML

Observable: Forward gap Ang
- The largest consecutive set of empty rings starting from the edge of the calorimeter



T —

Rapidity gaps in soft processes

General properties of the gap spectrum

U Data show an exponential decrease

plateau at large Anr (dominance of diffr.
processes) — as expected from previous

O This general feature is followed by

U Details are not described by any

U Data lie in between the DL slope
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Rapldl’ry gaps in sof’r pr'ocesses
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Details about composition and components in

PYTHIA 6, PYTHIA 8 and PHOJET

O All models overshoot the data (i.e. overshoot ;)

O PYTHIA 6, 8: unexpectedly large DD

O PHOJET: much smaller DD but contribution of CD

10



JHEP 1109 (2011) 053

L= 36 pb~1, all 2010 data

A new study: 2)
arXiv:1407.5756 [hep-ex]

L= 38 pb~! (all 2010 data) + L= 4.5 fb~* (all 2011 data)

1) optimised 2-jet trigger procedure to reach Ay of up to 8 on 2010 data (low pile-up)
i) add 2011 data to extend the high-pt region up to 1.5 TeV

Event selection:
Jetanti-kt: R=0.6, nje| < 4.4, Prjec1 > 60 GEV, pr jer, > 50 GeV
Veto scale Q, = pr > 20 (30) GeV for 2010 (2011) data

Define Gap fraction = g;;(Q¢)/gj;, g;; = inclusive dijet x-section,
a;;(Qo) = dijet cross section with no jets of pr > Q, between Njet1 and Njer2
Results:
1) Gap fraction vs. Ay for Q, = 20 GeV
2) Gap fraction vs. p7 for Q, = 30 GeV
3) Gap fraction vs. Q, for slices of y
4) <Njers> vs. Ay and pr
5) Cross sections vs. Ay and Ag
6) <cos Ap> and <cos 2A¢> vs. Ay and pr



Jet veto

S—
Goal = study higher-order QCD effects in the dijet production
These are most visible when in the dijet system (2 highest Et jets): ] |
1) jet separation (Ay) is large m Ane hoet
2) Jet veto between jets (with scale Q) is applied iy
3) azimuthal decorrelation between jets (m-Ag) is large QR

n1 n N2

Resummation of HO QCD effects: - in In(Q?) : DGLAP approach
- in In(1/x) : BFKL approach

/ DGLAP effects if py/Q, large
Gap fraction sensitive to o0

ALY

DOG00Q00000

Color-Singlet-Exchange if p;/Qo & Ay large o
Azim. decorrelations sensitive to both DGLAP and BFKL effects ==

Ay Theoretical predictions:

8.: ?gg/‘uf’r? m 0 Powheg: NLO dijet (DGLAP form.) interfaced with Pythia8 or
I Herwig to resum soft and collinear emissions using parton shower
approximation
leading-log calc. of multi-jet (at least 2 hard jets)

-

log (1/%)
non-perturbative
A}
o

@
} e production in Mueller-Navelet limit — interfaced to ARIADNE
® pGLAP o® ° (color-dipole cascades producing soft and collinear radiation
Do 2
@ ® pT/Q in the gap between jets — contr. from low-x BFKL-like log. terms)
og (%) %0



Gap Fraction

Theory/Data
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o i a) steeply falling PDFs at large x
0.65} 0 230 Gev' ™t disabling additional parton radiation
0.60F ATLAS L S i [at extreme Ay or p gap fr. must reach unity]
o) il il - b) Contribution of color-singlet

1l sl TS 2T exchange (CSE) processes

o ' [cross section for CSE rises with Ay]
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] 1 2 3 4 5 G 7 a8

ay improves significantly description of dais
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Total and elastic pp cross section |

submitted to Nucl. Phys. B, arXiv: 1408.5778 [hep-eX]

L= 78.7 ub~1, special run in 2011, <pj4stic> ~ 0.01

Event selection:

1) Dedicated run in 2011 (together with Totem), f* = 90m

2) ATLAS subdetector: Forward Proton detector ALFA

3) Geometrical, fiducial and back-to-back signatures to select elastics & reduce background

Results:

1) Differential elastic cross section as a function of t

2) Total pp cross section via optical theorem:  [egSeeliy 8 (v (y 85 N
3) total elastic and total inelastic cross sections

4) Slope of the elastic cross section at small t




ALFA detector + Measurement principle

ALFA Q5 D2 Q3 Q1 Q1 Q3 D2 Q5 ALFA

JE B e = A Nl N

eI e -
Beam 1 Beam 2

Q7 Q6 Q4 D1 Q2 ATLAS Q2 D1 Q4 Q6 | Q7

B7L1 A7L1 A7R1 B7R1
Al A3 A5 A7
;{ ~— - -~ ff’{;.“f.ijrﬂlz - - - - ol
v . 5 1p 8 - -
A2 Al Ab A8
241 m e s 241m,

Vertical Roman Pots :

= Thin windows at bottom and front: 0.2mm and 0.5mm

= Main detectors (MD), Overlap detectors (for alignment), Trigger detectors

= MD = 10 staggered layers, 1 layer=64 single-cladded square (0.5mm)
scintil. fibres in u- and v-directions

» Spatial resolution ~ 30 um

» Reconstruction efficiency ~ 90%

= Distance of the closest approach in the run: 6.50, ~ 5.8mm

To measure do/dt .

1) Measure track positiony
2) Calculate scattering angle 6,

using the beam optics, i.e. using
transport matrix elements:

Y M, M, }’$

e

9_1‘ MZI M22 91
In the simple case (high beta*,
phase advance 90 deg.,
parallel-to-point focusing):

O ——
S M,

and |1 = —(pg*)z

, p=beam mom.
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Signal selection & Background rejection
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055 E 0.25F 1 ]
0.4 = - 1410°
E ] 0.2 - =
0.3 = B 1 7
F B 0.15 - =
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- Fast detector simulation tuned to data

tal procedure (1)

Event selection:

- L1 elastic trigger

- Data quality & track quality

- Geometrical & fiducial cuts:
acceptance & signal selection
& background rejection l

Final sample: ~ 805k selected events
(~ 1k Pile-up events)

Data-driven Background estimates:

1) S

B7R1U
T

Arm 1

Arm 2
IP

s
golden

JLIL ATL1U ATRIL B7R1L
\ A AT \ L
1= P e s < P )

" e
B7LIL ATLIL - ATRIL B7RIL
| anti-golden |

2) Non-Gaussian tails in x,,;, distr.

~ 0.5% (dominantly beam halo)

PYTHIA 8 for: 1) Acceptance
2) Smearing matrix (1D-unfolding):
a) Iterative Dynamically Stabilized
b) checked with data-driven closure
test and another unfolding method



Luminosity L [mb's]

t [mb/GeV?]

do,/d

Uncertainty[%)]
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Independently measured Luminosity

(3 methods: BCM, LUCID and Inner Det.):

L =78.7 + 1.9 ub~* (2.3% uncertainty)

Experimental procedure (2)

Event reconstruction efficiency
(from data, separately for each arm):

€recoq1 = 89.74 £ 0.04(stat) + 0.61(syst) %
€recoz = 88.00 £ 0.05(stat) + 0.92(syst) %

[Trigger plates placed behind MD in arm1,
but in front of MD in arm2]

Correction procedure (separately for each arm):

do 1

M_I[N;f — Bi]

dr
A= Acceptance (t)

]

M = Unfolding procedure (symbolic)

« N = Number of selected events

* B = Number of estimated background events
o €7¢%° = reconstruction efficiency

« €9 = trigger efficiency
« P40 = dead-time correction
* L+ = integrated luminosity

., reco mig DAQ
o AE e e L,

Main system.

uncertainties:

- Luminosity

- Nominal beam
energy

17



Fi #l'ng elas‘rlc cr.section — 0y, Ge1, Giner, B-slope.

E 5 ATLAS ; Theoretical formula used to fit the data:
B -
£ - '5=7 TeV, 80 pb” 7 2 2
= do 4ra~(he : :
%’ 1025\ E - = % - G4(r) Coulomb interactions
s f % . [ r° Coulomb-
- (R _ P
i . ! aG=(1) . —B | 1| Nuclear
ol ‘e, - ot [sin (@@ (1)) + p cos (ag(1))] - exp > )
= e 2011 data . E || interference
- — Elastic fit . . 2
- : 1+
- *y . (T;Ot—p,, ~exp(=B|[7]) Nuclear interactions
TE - 167(hc)-
- + + From COMPETE
B B 2 e e ——— .
5 ogE =~ 1 G0 = (A A |f|) Proton dipole form factor | p=0.14 : Global analysis
s O01E = +
S \E 21 : A=0.71 Gevz: —
T O 5 statistical freeet et ) - _ f _ onventiona
E 005 07 095 02 025 05 0.3 ¢n = -In 15 ¢c  Coulomb phase |_CDC__£'EZ7_ _ | values. Other
- t[GeV] models in
syst. uncert.
> Fit result:

Fit quality good: x*/Ng,r = 7.4/16, Fit range: -t € <0.01, 0.1> GeV? - good Accept. & small deviations from exponential
Extrapolation uncertainty from changing the upper end 0.1 to 0.15 and 0.059

» Extraction of g,;: assume Nuclear term only and B(t)=const:

Integrating over full t-range B = +0.19 (stat.) £ 0.
[Observed in -t € <0.0025, 0.38> GeVz2: g,; = 21.66 + 0.02 (stat.) £ 0.58 (syst.) mb (90% of the total o,;)]

> Oinel = Otot - Oe1 —— inel — + 0.36 (stat.) £ 0.83 (syst.) mb 18



Comparison with previous measurements

E —Illlll L I IIlIII| I I rrrrri I I L T L
E 140 o ATLAS
o 5 = TOTEM ATLAS \s=7TeV
120— + Lower energy pp }
L A I(.:ower_ energy and cosmic ray pp /| - Luminoshty-dependent
- o Cosmicrays > =
1 00 . 1030:[|p1E'8|'8EI R(R)plz:l 22 2( ) — TOTEM — Luminosity-independent
- .1-1.88In(s) + 1.42In"(s ]
80 L — ——— = p-independent
60 :_ _: ATLAS —— Luminosity-dependent
B Le" ] IS BT RS R A RIS
C T ] 85 90 95 100 105 110 115
20— o, Jo— S 7] TP~ X)[mb]
O-I IJlI| ‘ME-IA--IAI‘I‘.I‘I-I-I ----- 1 1 11 IIIJ| 1 | 1 llJII| 1 1 | IT o o .
10 102 10° 10* The same run in 2011, Lumi-dependent method:
\s [GeV]

ATLAS: o, = 95.4 +
ATLAS \s=7TeV TOTEM: 6,,, = 98.6 *

1.4 mb (Lumi unc=2.3%)
2.2 mb (Lumi unc=4%)

. p-independent ATLAS value ~20 below COMPETE fit, but closer
Oinel: to predictions by Block & Halzen, KMR, Soffer.
ALICE ——+—— ALFA significantly
. _— IMPTOVES Bl ATLAS: g, = 24.0 + 0.6 mb (Lumi unc=2.3%)
ATLAS o Clasic of the il Totem: o, =25.4 +1.1 mb (Lumi unc=4%)

. ‘ o; .
60 65 70 75 80 85 90 inel — Difference=1.10
Uinelastic(ppﬁ X)[mb] RV




Summary

Four ATLAS analyses presented (two of them very fresh):

O 10%-fraction of diffraction-enhanced to inclusive events measured in minimum bias events

with veto on one side of the detector.
Q o, = 69.4+2.4+6.9(extr.) measured by extrapolating to €<5x10~° using DL model

Forward gap distribution measured for different pr ,,,;;, cuts (200, 400, 600, 800 MeV)
Plateau observed for large gaps suggests presence of diffractive processes

None of the models able to describe the details of the gap spectrum

Oiner Measured for various ¢ values. Models not able to describe the ¢-evolution
Pomeron intercept in DL model measured from fit to spectrum at large gaps. It is
compatible with the default DL value (a;p(0) = 1.085).

R/ R/ ) K/
0’0 0’0 0’0 0’0

@,
0’0

» Jet Gap fraction and azimuthal decorrelation measurements combined into a single analysis
that extends the kinematic reach and tests models based on either DGLAP or BFKL dynamics.

» First ATLAS measurement of o;,; using fit to t-dependence of elastic cross section and
independently measured luminosity. The value 95.4 £ 1.4 mb in agreement with Totem result.
 Measured total o,; and g;,,.;, and B-slope also agree with Totem.

« More data from 2012 data at Vs=8 TeV (8* = 90m and 1km) in the pipeline.
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BACKUP SLIDES
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Feak Luminosity [1IZI33 chr 87

Faak interactions per crossing

Diffraction needs very low Pile-up .

H = T T T 17T 17T 17T 1T 1T T T1 T 7T T 17T 17T 17T T 1T T T 1 T 7T 1T 17T T 17T 1T 1T 171 =
= W = 7 Ty Ae = 7 Tew W = 8 Ty 3
"ETATLAS =
g E— Online Luminosity z —
= [ o
= 7 —=
= [ —
i
= 4 —
= 3 ! 3
2 r- —
= » 3
1 E_ r . : [ | _E
i _—l—l—M L - 1 |: I I I | L1 l' k. T T T T T e
e ppf ook gan ppt o oct et ppt wb oot
Month in 2010 Month in 2011 Manth in 2012
“'q{l - LI 1 LI I I LI I I I 1 LI |} LI I I I I LI 1 |} LI I 1 —
— We =7 ey W =7 ey Vo= BTy
WEATLAS =
3 = Online Luminosity - z =
L ] -
== il =
— -‘ —
20 . —
15 ﬂ =
140 '_f:.,-""-___“"-\\ l —E
= s =
gz * 1 )I L1 II 1 1 1l 1 1 1 L1 1 1 1 1 1 | L —
3@t ut Tat ppt o ab g gt pgt owd oct
Menth in 2010 Month in 2011 Menth in 2012

Pile-up = soft particles sitting on top of the hard-scale event, influencing efficiencies of various
finding algorithms (Primary vertex, triggers, jets and other usual objects).

Diffractive signature: in the absence of forward proton detectors we have to rely on gaps.
Gaps are easily seen only when Pile-up is low — concentrate on data 2010.
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Rapidity gaps in soft processes

—

Special behaviour of HERWIG++ 2.5.1 UE7-2 which describes ATLAS MinBias data

Charged particle 5 at gooGeV, track p; > 500 MeV, for Ng, = 6 Charged (p.) vs. Na at 9o0GeV, track p; > 500MeV, for Ngy > 1
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= ATLAS MinBias data [New J. Phys. 13 (2011) 053033]

Effect of CR studied by Gieseke et al., arXiv:1206.0041

0 HERWIG++ 2.5.1 MinBias UE7-2 does not contain diffractive processes, yet it produces very large gaps
O Different models of hadronization:

- No Empty Evts = excludes soft events

Color Reconnection

iIs to describe the shape for any of the tunings
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Rapidity gaps in soft processes

Estimate of Pomeron intercept «;p(0) in Donnachie-Landshoff model
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acds o, (0)=1.085 An
ap'=025 Improved description of the data by PYTHIA 8 DL
Q Implement DL model in PYTHIA 8 with the fitted a;(0) = 1.058

O Fit data in the region 6 < Any < 8 where ND is absent:
(a;p(0) governs the slope at large Ang: Flathess — a;p(0) = 1, Increase — a;p(0) > 1)

SNl (v > (1 = 0) = 1.058 + 0.003(stat) " g5

SN — due to large model uncert. still

/—0.039 {

compatible with default DL a;p(0)

Cross section of ~ 1mb per unit of rapidity (see KMR, arXiv:1102.2844)
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Rapidity gaps in soft processes

Estimate of the inelastic cross section
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U Inelastic cross section obtained for ¢ > &, from MC thanks to strong correlation Any ~-1n &
O Small corrections (~2%) applied to include particles with pr < 200 MeV and to account for
hadronization fluctuations
O Total uncertainty dominated by uncertainty on luminosity
0 Comparison with Totem result and with previous ATLAS analysis (“Measurement of g;,,.;(7 TeV)")
U Models fail to describe the evolution from low ¢ (Totem) to large ¢ (ATLAS) but RMK better
in describing the slope (thanks to adding IP IP IR terms to IP IP IP terms)
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