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Since we last met...

® Previously shown by ATLAS at UE&KMB@LHC:
® Inclusive min bias at @900 GeV & 7 TeV with min charged particle
pt of 500 MeV

® Also showed tune from diffraction suppressed phase space (Nch = 6) :
AMBT1 Tune

® Developments presented today:

® New phase space: 900 GeV & 7 TeV inclusive distributions with min pr
of 100 Me\/, Nchz 2

@ New Energy: 2.36 TeV data has been analyzed with 500 MeV min pr
cut, Nch > 1 (technically challenging)

® New exclusive selection: diffractive enhanced sample achieved by
requiring a rapidity gap using MB scintillators;
500 MeV min pr cut, Neh> 1
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ATLAS Detector

Inner Detector:
% 3 part tracker covering | n|<2.5:
% Pixels:

% 50x400 micron silicon pixels

% 3 barrel layers, 2x3 endcap layers
% Silicon Tracker (SCT)
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% Silicon microstrip detector

% 4 double sided barrel layers, 2x9 endcap
% Transition Radiation Tracker (TRT):

% Gaseous straw tube detector

% Avg 32 hits/track

Pixel Detectors
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Minimum Bias Trigger

Scintillator:

% Detector specifically for MB events
% 2cm thick polystyrene scintillators
% Mounted on endcap calorimeter
cryostat face plates (Z = 3.6 m)

% Covers 2.09<|n|<3.84

% 8 modules in ¢, 2 rings in n per side

Inner Detector:
% 3 part tracker covering | n|<2.5:
% Pixels:

% 50x400 micron silicon pixels

% 3 barrel layers, 2x3 endcap layers
% Silicon Tracker (SCT)

% Silicon microstrip detector

% 4 double sided barrel layers, 2x9 endcap
% Transition Radiation Tracker (TRT):

% Gaseous straw tube detector

% Avg 32 hits/track
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Sketch of ATLAS Strategy

® Guiding principle: Inclusive, model independent
measurement in a well defined phase space

@ Select events passing:
® Single armed minimum bias trigger scintillator
® Presence of a good primary vertex
® Atleast N good quality tracks passing impact parameter cuts with
respect to the PV.
® Only correct for:

@ Tracking inefficiency

@ at both track and event level

@ Vertex and trigger inefficiencies

@ Contamination from secondaries and particles which migrate into phase
space due to resolution effects
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From 500 to 100 MeV
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From 500 to 100 MeV
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® Reducing the minimum pr
to 100 MeV faced a
number of challenges:
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From 500 to 100 MeV

\s=7TeV ATLAS Preliminary __
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From 500 to 100 MeV

® Reducing the minimum pr
to 100 MeV faced a
number of challenges:

® Do we understand how our
tracking algorithms work at low
pr¢

@ Tracking efficiency: how well
does the MC describe the data
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From 500 to 100 MeV

® Reducing the minimum pr
to 100 MeV faced a

| ne=2.m<25200<p<250Mev
number of challenges: N1 ENs=7TeV - pue
® Do we understand how our g | ATLAS Preliminary M:Cgrl:;aﬁes
tra?(:king algorithms work at low £ 10°F - non-electrons;
pTe
® Tracking efficiency: how well 10°¢
does the MC describe the data ;
at relatively low average 10% s
efficiency? . o
® Secondaries: do we understand 1078 6 4 20 2476 8 0
their composition and do data d, [mm]
and MC agree?
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Trigger&Vertex
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@ Trigger and Vertex efficiency measured in data
® Single arm, single hit MBTS trigger requirement

@ Still very high even for events with only 2 tracks

@ Vertex efficiency >99% when 3 tracks are present
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The Special Case of 2.36 TeV (€
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The Special Case of 2.36 TeV (€

@ December 13th&15th 2009 LHC
ran at 2.36 TeV: ~0.1ub!

@ Atlas detector was in a special
run configuration

@ SCT at20V instead of nominal 150V
@ Pixel, TRT at full voltage
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The Special Case of 2.36 TeV (€

® December 13th&15th 2009 LHC 32
ran at 2.36 TeV: ~0.1ub"! 07

Track Reconstruction Efficiency

12
0.6[g

0.5F .
@ Atlas detector was in a special 04 ATLAS Prolminary
run configuration : = Nominal Simuiation
0.1E + Corrected Simulation
@® SCT at 20V instead of nominal 150V %5....|....|....|....|....|....|....|....|....|....5
25 2 15 -1 05 O 0.5 1 1.5 2 2.5

@ Pixel, TRT at full voltage M

® Low SCT voltage led to low hit
efficiency

@ Different tracking configuration

® MC efficiency was corrected using data
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@ December 13th&15th 2009 LHC
ran at 2.36 TeV: ~0.1ub!

@ Atlas detector was in a special
run configuration

@ SCT at20V instead of nominal 150V
@ Pixel, TRT at full voltage

® Low SCT voltage led to low hit
efficiency

@ Different tracking configuration

® MC efficiency was corrected using data

® Complementary and parallel
analysis using Pixel only tracks

@ Higher hit efficiency and less
susceptible to secondary contamination
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Reminder: AMBTT

Parameter Related Model MCO09c value scanning range AMBT1 value
PARP(62) ISR cut-off 1.0 fixed 1.025
PARP(93) Primordial kp 5.0 fixed 10.0
PARP(77) CR suppression 0.0 0.25 ———1.15 1.016
PARP(78) CR strength 0.224 0.2———-0.6 0.538
PARP(83) MPI (matter fraction in core) 0.8 fixed 0.356
PARP(84) MPI (core of matter overlap) 0.7 0.0—-——1.0 0.651
PARP(82) MPT (pi™) 2.31 91— — 25 5.202
PARP(90) MPI (energy extrapolation) 0.2487 0.18 — — —0.28 0.250
1.6 T T T T T T T

p,>500 MeV, In1<25,n,=1.
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® Atlas AMBTT1 tune was developed using
diffraction suppressed phase space
(Neh =2 6, pr > 500 MeV) 12

® Color reconnection (CR) and multiple parton
interactions (MPI) tuned

-
i\

(p,)[GeV]

-
.
-
.
-

-
.* K
;;;;
‘‘‘‘‘‘‘‘
\\\\\\\\\\\
‘‘‘‘‘‘
oooo

!

-
""""
““““““““““
et '

o
s

=e= Data
— PYTHIA ATLAS MCO09

@ Biggest change in matter core fraction (parp 83) and CR

parameters (parp 77&78) 0.8 s ﬁﬁﬂ:ﬁ S&,LAS Mcose
- PYTHIA Perugia0

® Performance we expect for new phase T
space (pr > 100 MeV): i o 5
® Good agreement for mid pr range s
0.9¢ == Data Uncertainties B
® Low prand high pr likely to remain problematic osk ™ Pt E
> 710 20 30 40 50 60 70 80 90
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(a piece of) The emerging picture

@ The low pr, low Ne, region is
problematic

@ Diffractive component is important
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(a piece of) The emerging picture

@ The low pr, low Ne, region is
problematic

@ Diffractive component is important

@ Case study: Pythia 6 MCO09

@ Diffractive component is very soft and low
multiplicity

® Under-predicts for low activity events

® AMBT1 improves high N, events

MB&UE@LHC

A
September 6th,2010
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(a piece of) The emerging picture

@ The low pr, low Nch region is 3
problematic g
@ Diffractive component is important
@ Case study: Pythia 6 MCO09
@ Diffractive component is very soft and low
multiplicity
® Under-predicts for low activity events
® AMBT1 improves high N, events B
@ Case Study: Pythia 8 8
® Best agreement with data for low to mid N, d

® Atlow N <pr> is similar for SD, DD & ND

MB&UE@LHC
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@ The low pr, low Ne region is 3
problematic g
@ Diffractive component is important
@ Case study: Pythia 6 MCO09
@ Diffractive component is very soft and low
multiplicity
® Under-predicts for low activity events
® AMBT1 improves high N, events B
@ Case Study: Pythia 8 §

® Best agreement with data for low to mid Ne,
® Atlow N <pr> is similar for SD, DD & ND

@ A better understanding diffraction is
needed to constrain possible
sources of disagreement

MB&UE@LHC
September 6th,2010
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The Diffraction Enhanced Analysis!{@))
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The Diffraction Enhanced Analysis (@)

® The idea: repeat a standard min bias analysis on a
sample dominated by diffraction
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The Diffraction Enhanced Analysis

® The idea: repeat a standard min bias analysis on a
sample dominated by diffraction

@ Achieving a diffraction enhanced sample:

® Require hits on only 1 side of MBTS detector {2.09 < |n| < 3.84}

® Increases the diffractive component from ~20% to 90+% of event
sample

Single Diffractive Double Diffractive

oooooooooooooooooo

O [ Jet | Gapl: Jet ::

OOOOOOOOOOOOOOOOO
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The Diffraction Enhanced Analysis

® The idea: repeat a standard min bias analysis on a
sample dominated by diffraction

@ Achieving a diffraction enhanced sample:

® Require hits on only 1 side of MBTS detector {2.09 < |n| < 3.84}

® Increases the diffractive component from ~20% to 90+% of event
sample

Single Diffractive Double Diffractive

000000000

| Gapl: Jet
M

® The caveat: this analysis is not
yet corrected for detector effects!

MB&UE@LHC
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@ Trigger on single sided MBTS
trigger

® Use offline MBTS values for
discrimination between single and double

sided events

® Agreement between data & MC on MBTS
response Is primary uncertainty

@ No vertex requirement: too low
efficiency for diffractive events

¢ [rad]

|

MBTS efficiency
determined from tracks

ATLAS Preliminary

® Track selection same as MB s e 008
analysis except: B 0%
y p __- :: 0.94
® Transverse impact parameter cut with O 0.92
respect to beamspot, loose longitudinal e 0.9
cut '-: J 0.88
3 _:- i - 0.86
® pPr> 500 MeV 21 215 2.2 225 2.3 235 24 245 25
\dl m MB&UE@LHC L .
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RSS

® Rs:=Fraction of MBTST triggered events with activity on only 1 side of the
MBTS

® Require a track with pr > 500 MeV; |n|<2.5
® Sensitive to relative diffractive cross section

® All MC models prefer op/(oOnp+0D) ~ 0.3

»n T T 1 T T 1 T T 1 T T 1 R B — 713 _ NSS
o 0.09 ATLAS Preliminlary — Res = N..+ Ny,
0.08F — Data € B ARop + ANPoyp

-  --e- Pythia6 MCO09 - _ D D ND ND
007:_ —e— Pythia8 = (Ass + Ads)O-D + (Ass + Ads )O-ND
0.05F —

004 = =
003= 7 s=7TeV - Rss (%)

- = Dat 4.52 £+ 0.02 (stat.) = 0.61 t.
0.02¢ = 1 track with p_>0.5 GeV, Ii<2.5 - na (stat.) (syst.)
0.01% T E PYTHIAG 4.01

. :‘ Not correclted for detectorleffects | I I g PYTHIAS 5 11
% 01 02 03 04 05 PHOJET 2.89
op/(OnD+0D)
MB&UE@LHC "
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1 /Nev dNtrk/dAn

® An =Inmsts - Nl is sensitive to gap

structure
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Conclusions&Outlook

® ATLAS has now measured minimum
bias events in 3 phase spaces and at

: [ I I I T T || I I I I T 1T || ]
. © e =
3 center of mass energies ~ O S THIA AT AS Moy L
® Variety should aid in MC tuning % . Eﬁﬂlﬁﬁ‘;&fjﬂ"og‘; i
. o ST — . pyTHIA DW S
@ Both low and high momentum/ R PYTHIAG 9o AT
. Je . . < 4 PHOJET S e
multiplicity inclusive MB events are = ST
not well described by MC b
® AMBTT1 improves significantly on E
intermediate region -
@ Diffraction enhanced analysis favors :
[0} . . . — e ik S __
30 /? relative dlffractl.ve Cross f ATLAS Preliminary -
section and a hard diffractive Ot
component 10 \E [é(;v]
® Plan for a detector corrected result by the end
of the year
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Dataset Details

® Inclusive MB:

® 900 GeV: 7 ub': 350k events
® 2.35TeV: 0.1 ub': 6k events
@ 7 TeV: 190 ub'; TOM events

@ Diffraction enhanced (7 TeV): 23 ub'; 53k events

@ Pile-up:
® Negligible for 900 GeV, 2.36 TeV and 7 TeV diffraction enhanced

® Removed by veto on second primary vertex in 7 TeV; sys. error is 0.03%
at low multiplicities, up to 1% at highest multiplicities

@® MCs:

® Pythia 6: v6.4.21; MRST LO* pdfs,
® Pythia 8:v6.1.15
® Phojet: v1.12.1.35 + pythia 6.1.15 for fragmentation
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Inclusive MB Systematics

Systematic uncertainty on the number of events, N,

Vs =0.9 TeV | sqrts =7.0 TeV
Trigger efficiency 0.2% 0.2%
Vertex-reconstruction efficiency < 0.1% < 0.1%
Track-reconstruction efficiency 1.0% 0.7%
Different Monte Carlo tunes 0.4% 0.4%
Total uncertainty on Ng, 1.1% 0.8%

Systematic uncertainty on (1/Ngy):(dN¢h/dn) at n = 0

Track-reconstruction efficiency 3.1% 3.1%
Trigger and vertex efficiency < 0.1% < 0.1%
Secondary fraction 0.4% 0.4%
Total uncertainty on Ne, —1.1% —0.8%
Total uncertainty on (1/Ney)-(dNe,/dn) at n =0 2.1% 2.3%

Table 1: Summary of systematic uncertainties on the number of events, N,
and on the charged-particle density (1/Ney)-(dNen/dn) at 7 = 0. All sources

of uncertainty are assumed to be uncorrelated.
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Diffractive MB Systematics

Source

Track Reconstruction

MBTS Data/MC Agreement

Beam Background

Noise Contamination
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Low pr
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Reminder: AMBTT

Parameter Related Model MCO09c value scanning range AMBT1 value
PARP(62) ISR cut-off 1.0 fixed 1.025
PARP(93) Primordial kr 5.0 fixed 10.0
PARP(77) CR suppression 0.0 0.25 — — —1.15 1.016
PARP(78) CR strength 0.224 0.2———-0.6 0.538
PARP(83) MPI (matter fraction in core) 0.8 fixed 0.356
PARP(84) MPI (core of matter overlap) 0.7 0.0——-—-1.0 0.651
PARP(82) MPT (") 2.31 21— — —25 2.292
PARP(90)  MPI (energy extrapolation) 0.2487 0.18 — — —0.28 0.250

@ Atlas AMBTT tune was developed using diffraction
suppressed phase space (Nch > 6, pr > 500 MeV)

® Color reconnection (CR) and multiple parton interactions (MPI) tuned
® Biggest change in matter core fraction (parp 83) and CR parameters (parp 77&78)

@ Performance we expect for new phase space (pr > 100 MeV):

® Good agreement for mid pr range
® Low prand high prlikely to remain problematic
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