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Brief motivation I

> Physics motivation: Improve understanding of non-perturbative soft QCD
processes.

» Study the properties of inelastic proton-proton collisions.

» Experimental motivation: model the pile-up and underlying event.

» Necessary for measuring physics processes at high energies.

Otot = Oelastic + %k’
m—

Onon-diffractive + Osingle-diffractive + O double-diffractive
/ p

P p
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Measurement strategy r

» As inclusive and model-independent as possible

» Single-arm trigger (enhanced sensitivity to diffractive components)

» No (model-dependent) corrections back to particular components (e.g.
non-single-diffractive).

» Correct for detector effects
> Well defined phase space

= Facilitates comparison with and tuning of MC models

» Measurements provided:

1 dNy 1 1 d2N; 1 dN,.,
g Nev dT? , Nev 27T]7T dnde, Nev dnch

and (pT) vSs. neh

n_ : Number of particles in event in chosen phase-space
» Angular correlations. N_, : Total number of events in sample satisfying cuton n_
N, :Sumofn,  overallN events

For Underlying Event results

cf. talk by D. Kar this afternoon
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Studied phase-spaces I

- Multiplicity and p_related distributions:

» 21 particle, p_> 500 MeV, |n| < 2.5: 0.9TeVv, 236TeV, 7.0TeV
» 2.36 TeV analysis based on runs with lowered SCT voltage

» 22 particles, p_> 100 MeV, |n| < 2.5: 0.9 TeV, 7.0 TeVv

» 26 particles, p_> 500 MeV, |n| < 2.5: 0.9 TeV, 7.0 TevV

» Suppressed diffractive contribution.
» Used for new AMBT1 Pythia 6 tune.

» Angular correlations:

» 22 particles, p_> 500 MeV, |n| <1/2/2.5: 0.9 TeV, 7.0 TeV

~ p, > 500 MeV for more uniform tracking efficiency

» Multiple eta ranges increase information for MC comparisons

— B S,
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.| The ATLAS experiment
(% | » Multi-purpose experiment for LHC physics

| » The ATLAS collab. et al 2008, JINST 3 S08003
« CERN-OPEN-2008-020 (performance paper)

Pixel detector

|
....... ’ LAr eleciromagnetic calorimeter:
4 Transition radiation fracker

ctor fracker

Tile calorinpe

LAr h&gronic gfHd-cap and

forward ®aldrimeters

rs

.......

""""""
\ \| Barrel semiconductor plicker
4 Pixel detectors

Zanl Barrel transition radiation fraeRer

End-cap transition radigi acker

End:ccp semiconductor tracker

= Minimum Bias Trigger Scintillators (MBTS)
d » Inside endcap calorimeter.

A1 * 3.6m from interaction point.
\| ¢ Covers 2.1<1<3.8 in two discs

Inner Tracking Detector (ID)
» Measures “hits” from charged particles
* Inside solenoid providing 2T axial B-field

« Acceptance is p_>100MeV and [n|<2.5
« p,xo(q/p,)=0.02 for p_=1-5GeV, central n
* Details on next slide...
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‘The ATLAS Inner Tracker

1RT<

LR=%4mm
[ R=514 mm

R =443 mm
SCT £
R =371 mm

L R =299 mm

Transition radiation tracker (TRT)

» 300K thin r=2mm drift-tubes, low density

 Provides ~35 hits/track at |n|<2

TRT « Significantly improves momentum resolution

» Doubles as transition radiation detector (e PID)
(not relevant for present analyses)

! Silicon micro-strip tracker (SCT)
* 4 barrel cylindrical double-layers
9 endcap disk double-layers
scil * A double-layer has overlapping modules
with small stereo angle (40mrad)

* Strip pitch 80um

R =122.5 mm
Pixels £ R = 88.5 mm

* Provides ~8 hits/track at [n|<2.5

712

.

TRT (barrel) J

R =50.5 mm * NB: In standby mode during 2.36 TeV data taking
R=0mm
\ ID end-plate 3
| Solenoid coil =10 s T Silicon pixel tracker (Pixel)
| 2 S * 3 barrel layers, 3 endcap disks

B - =

= * Sensor elements 50x400um?
* Provides 3-4 hits/track at |n|<2.5

* Innermost barrel layer alone covers

2710

e : e o B
T8 Shomz 12 s 47 &Lt 7 a/ R644

6

[ R560

] 0 400.5 580
| 495 650!
o ———— e 20 g

all of In|<2.5 (the “B-layer”)

— Pixel

| SCT-(end-cap) | mar ™53 support tue | = longitudinal impact parameter
e ' Pixel PP1 o S
S w Raee S \ distribution Gaussian in sin(6)-z,
™ R34.3p-_p
53 4 1091-51299;299.7 1771.4 2115.2 2505 2720.2 z(mm)
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A word on ATLAS Monte Carlo Simulation ﬂ

» (Generator output is propagated through detailed detector geometry with
GEANT4

» Geometry presently mainly based on technical drawings, test-beam &
cosmics studies, component weighing, etc.

» Custom code simulates detailed response of sensors and electronics
» Includes detailed detector conditions (thresholds, inactive modules, ...)

» Qutput reconstructed with same reconstruction algorithms as are used for
actual data T

» Simulation time: ~20 mins/event

» Frameworks for faster
simulation based on
parameterisations available,
but not directly used in
analyses presented here.

.t
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Datasets and event selection

~ Crossing bunches, MBTS single hit trigger | 2.3 TeV C7ub7)

350k 4 .5M tracks

2.36 TeV (~0.1ub?)

6k events ~40Kk tracks

> Detector ready (2.36 TeV special case) 7.0 TeV (~190ub™)

10M events | 210M tracks

~ Vertex formed from 2+ tracks (p_ > 100 MeV) + beam spot constraint

» Used tracks compatible with beam spot (doBS < 4mm)

> Reject events with a second vertex with at least 4 tracks.

> Rejects events with multiple collisions (pile-up)

Later data has significant
pile-up = only small fraction
of integrated lumi. used here

> Phase-space dependent cut, requiring at least 1, 2 or 6 selected tracks with:

~ p, > 100 MeV or 500 MeV, [n| < 1.0 or 2.0 or 2.5

» Selected tracks must furthermore satisfy certain quality cuts:

> Minimal number of hits (depending on p_and direction)

» Impact par. cut: d <1.5mm, |z [sin(8)<1.5mm (reduce secondaries)

> Track %* prob. cut when p.> 10 GeV (against low-p_ contamination)

s —
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Background: Events with multiple pp collisions

Y

Y

# tracks @ 2nd vertex

The fraction of events with more than 1 pp interaction is estimated to be around 0.1%
for the 7 TeV data sample considered for this analysis.

~ Such events might bias the tail of the n_ distribution

» Expect 1% of events with second vertex (mostly fakes and low multiplicity
decays of secondaries)

Remove events with more than 3 tracks in a second vertex
Residual effects after this removal:

> Non pileup events removed: 0.03%

» Pileup events not removed: 0.01%

\ s_ 7 TeV ATLAS Preliminary \'s=7TeV ATLASPreliminary

C '\“‘I"'I"'I"'I"'I"'“‘"“":.8 x '|0:‘‘\‘"|"'|"'|"'|"'|"'|‘"H“":.25
gof- Events failing pile-up cut: data = N T gof- Events failing pile-up cut: MC =

— - > - -
3 16 & ¢ : ElG
70E- . = & TOF No pileup =

2 Data £ - ]
60 E £ 60 MC El M
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- -||. = 1 . - =
10: II on III -II I | B B ] | | E 105‘ I-..-III.. EE'EEI Bm Il E

0 P | - 0 0—\ v oy by by by by by by Py by T 0
0 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200

# tfracks @ 1st vertex #trackﬁ ]st vertex
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Other backgrounds

» Cosmic ray events passing MBTS trigger = negligible level of < 10° ‘

> Based on cosmic ray studies, number of proton bunches and the trigger
window of 25ns.

> Beam-background events passing MBTS trigger at low level before cuts
» Single-beam data provides robust cross-check
> Requirement of reconstructed vertex particularly powerful

> Final contamination < 10™*

5 \'s=7TeV ATLASPreliminary [[__] No cuts
8 10 E_II T | T ‘ T 1T | T TT ‘ TTT ‘ 1T | T TT ‘ T 1T I T ‘ T \I__: C 5 ——T I ——T ‘ —— I ——rr | —— ‘ — P
= = 1 B 10 [ Pass L1_MBTS_1
LI : }AS-,:-L?AOQ GeV — Collisions ~ [ Pass Vertex
10*F Preliminary B SingleBeam = % [0 [ Pass Pile-up Veto
i 41201evts 1 =2 [ Pass = good track
3 E —
2| .
10 102
1E E 1
-100-80 -60 -40 -20 0 20 40 60 80 100 50 -40 -30 -20 -10 0 10 20 30 40 50

A MBTS timing [ns] 10

— i ns
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Correcting back to particle level I

» Event wise (events lost to trigger & vertexing): n.. : Number of charged particles
ch *

]_ ]_ ng, : Number of selected tracks
— 59 n®s , - Same, but without vertex
constraints (substituting beam-spot)

Weyv (nls?)g)

Etrig(nsel) Evtx(nlg)(asl) )

> Track wise:

» Tracking efficiency (directly from MC)
» Contamination from secondaries

» Contamination from particles outside kinematic range From MC
| ___ (small effect)

Etrk(pT,ﬁ) ' (1 - fsec(pT)) ) (1 — fokr/(pTan))

v

Wk (pr,n) =

— from MC (biggest systematics)
~ Correct for bin-migrations in both n_ and p_ (iterative Bayesian unfolding)

~ Correct content of each n_ bin for events lost. E.g. for 22 particles cut, this happens
when had >2 particles but <2 tracks:

1
Wout (nch) —

1 — (1 — Etrk)nCh — Nch - (1 — Etrk)nCh_l

\, 11
— R R _———_—————— S R
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Trigger efficiency H

» Determined from data by comparison with orthogonal trigger:

» Random beam-pickup based trigger selects crossings with colliding
bunches

» Require inner tracker activity (a number of pixel and SCT hits)

» Study performed without vertexing requirement to avoid correlation with
vertex efficiency (= use beam spot instead of vertex)

> Introduces no observable bias g 11_" o
on p_ and eta distributions. % = o 5100 MeV, I <25, %52 ]
e o 0.99— —

~ Above lowest multiplicities, 2 f .
efficiency essentially 100% E 0.98— ATLAS Preliminary ]
El ;_ \s=7TeV -

S o097 + —

- Data 2010 .

0.96(— .

098 =4 ~"% "% 10 1z 14 16 18 20

sel 12
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Efficiency of vertexing

> Determined from data by looking at the number of events before and after ‘
the vertexing requirement.

» Taking into account beam-backgrounds, estimated from single-beam data

~ Contamination less than 0.8% even at n_| BS =2

o 1.02 e
O - |
C - _
Q0 B i
-f:) 1 —_—— - L * *—|
© [ e :
C
S - ]
5 098 ATLAS Preliminary —
> i |
- i | ]
g 0.96 Data 2010 ]
S - ]
g i \s=7TeV i
g 0941 0. >100 MeV, jp| <25, n>2 |
@ - T sel |
> - -
0.92— B
S ]
L1 I L1 ‘ ‘ ‘ L1 | L1 1 I 1 I L1 1 1 | L1
0-9 2 3 4 5 6 7 8 9
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Tracking efficiency

|
g ey 1 E ey e
- & (p.m) determined from MC. & *° e L o ;
' £ 100 <p, <500 Mev < v 100 <p, <500 MeV
. O g5f ATLAS Preliminary ] § us ATLAS Preliminary
~ Related quantities show very 3 DR - ;
g g sof #pixel hits vs. :
good agreement. \ 2 s 5 e :
3 3.2 =
g #SCT hits vs. n E st =
25 2 5 4 05 0 05 T 15 2 25 25 2 45 4050 05 1 18 2 25
track n trackn
, 210
—‘;‘ 16}1I \“"I“"\""\““E % %‘}“I“"\“"I“""“"“I“'I"'l“"\““i
Z—«" 14;25”), I:lMC ND\'s=7 TeV E Z-" 14;25‘07, I:lMC ND\'s=7 TeV ;
\s=7TeV_ATLAS Preliminary 1ob ke S B eI
1_""""""‘"""“""""" . 100 <p_ <500 MeV 1 8 100 <p_ <500 MeV
B ] 10 ATLAS Preliminary ! 0; ATLAS Preliminary |
- ] 8 TR 1 % T E
B . 6 = 6f =
0.8~ 7] £ d E 4~ Z sin(0) 3
® InsideOut Data - r ]
. i - ER E
- [ | insideout MC naiff - T . S o]
0.6 — 5 4 3 2 -1 0 1 2 3 4 5 5 4 3 2 -1 0 1 2 3 4 5
® |LowPtData ] d, [mm] 2,sinB [mm]
B LowPt MC ndiff |
0.4 |
i 1 | Two tracking algorithms: inside-out and lowpt.
o2 | | lowpt recovers soft tracks by focusing on leftover hits
- w1 | and using less stringent quality cuts.
S Relative yield consistent between data and MC.
100 150 200 250 300 350 400 450 500

P, [MeV]
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Tracking efficiency

ﬂ

> Final tracking efficiency is gained from MC by matching reco-level tracks to generated

particles:

Nmatched

rec

(pT,n)

€trk (pT, 77) —

Neen (1, 1)

~ Matching is done to minimal AR = \/(A¢)2 + (An)? within a cone

~ Plus requirement of at least one shared hit to reduce fakes

3 1 - T T T T LA I| T T T TTT T T - 0_9
& - ATLAS Preliminary =
o 09 =
E 0.8 o =R
g — _.0 .
0.7 - —
S = 1 0.7
2 06 & p ~100MeV, h/<25,n >2 E
0 - s T ch =
c 05 — 0.6
S 04 - . \s=7TeV =
(O] . — ]
% 03fl 305
8§ F i
= 02F + ATLAS MC09 304
0.1 =
0 : 1 1 1 1 L1 1 I| 1 1 11 1 I‘ 1 1 : 0.3
1 10

o
—'
%)
)
=

L

L

L re

|
ATLAS Preliminary

0®® 0000 00 e® %0,

*

p_> 100 MeV, h/ < 2.5, n, =2

\s=7TeV

II\I|\III.|III\|I\II‘II\I|\III_

Systematic error dominated by
uncertainty in MC description
of detector material...

_||\||\|||0||||.\||\||\||\||\|||_

-2 -1 0 1
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Tracking efficiency: Impact from material description H

> Level of material inaccuracy (in
radiation lengths) in beampipe and
Pixels is sensitive to Ks-mass:

> Pion momentum determination
depends on energy-loss
correction, based on MC
material

» Comparison with MC samples
with inflated material densities
indicates +10% to be
conservative level

> Impact on tracking efficiency found
by comparing efficiencies on nominal
and +10% material MC samples

» Taken as systematic error

» Only probes radiation lengths
directly

7T v
o 1.003 pr— \F -
© - A TLAS Prehm.'nary—
— - @ Data2010/MC ND (nominal)
@} 1:0021= o MG ND (+5%) / MC ND (nominal) B-field
g - ] MC ND (+10%) / MC ND (nominal) uncertainty
5 1001 /
g * + L 4 /
;:w 1k —§—+ '”‘0-! ®0q00 - ¢¢ + (% V/
¢ R ]
- $ $¢¢ 000%%08 ‘# == |
0.999 ¢¢ =R :
B e mﬂ k=N ¢
0.998 [— -
0-997 : 11 I | | I 1111 I 1111 | | I | | | 1111 I 1111 I 1111 I 111 I:
25 2 15 -1 -05 0 05 1 15 2 25
n (@)
> '|E""|'"|""|"""H""|"H\H"|""\HHE
§099:— ATLAS .. o e 10% X, —=
2 = imi o * 3
= 0.98;— Prehmma:]L . et o %0 #.,. 200/0 Xo _;
20.97/4 +* A o +4
£ o + AT AT o baeH
Soser "+, R A
H50.951 [;M -[&-A E
> . Ay A =
= 0.94%_4_ Ao ") p:
£ 0.93F WL -4-@'%_’4'—_
0.92F =
0.91F B
E b b b b b b b b e
0'—%.5 2 -15 -1 05 0 05 1 15 2 25
n 16
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Tracking efficiency: Impact from material description |.

» Service material between Pixels and SCT directly probed from data by track
extension efficiency:

~ Fraction of pixel-only “tracklets” which gets extended into the SCT

» Sensitive to hadronic interactions, I.e. interaction lengths of material

> Difference also taken as independent systematic error
10—

SCT Extension Efficiency

0.95
0.9
0.85

©
fo)

0.75
0.7
0.65
0.6

I T T T T
ATLAS

Preliminary
\'s =900 GeV

L
—+—Data

Minimum Bias MC

=

Very conservative:
Adding syst. error
from both this effect
and previous slide

Obviously work is
ongoing to continue to
improve the material
description

17
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Secondaries I
binned in p_andn

|
E [ o2 <5 200<p <250 Mev &
. . 7L
» Secondary contamination reduced by cuts: s 10ENs=7TeV o Data
% - ATLAS Preliminary —an
. i — primaries
~ Small impact parameters: |d_[<1.5mm, 10k -+ nonlecirons
|z,sin(8)[<1.5mm. ] \\
107 e from mat.
» Requirement of hit in innermost pixel | &y spectrum
layer (against conversion electrons) R
~ Remaining fraction estimated by fit to d_ R
sidebands on data: do [mm]
o _ E [, >2m<25400<p<ds0MeV
» Contribution from conversion electrons Y 107:\s=77ev o
and other types fitted simultaneously g | ATLAS Prefiminary MG NO:
« 10°F —a E
= 8 — primaries

> Va|ldat9d by flt tO |OngItUdIna| ImpaCt E secondaries E
parameter, Zo' -

» Here contribution from conversion
electrons and other secondaries look

identical

NB: Primaries are charged particles with t>0.3-:10"° s 18
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High-p_ tracks

-~ High-p_ spectrum has significant contamination from low-p_ tracks

~ Steeply falling p_ spectrum in min. bias events (9 orders of

(bin-migration correction)

= INLAR L N L L LN B LN LR B 107_3
SR ATLAS Preliminary A
O, ~  Simulation (non-diffractive) ] 108
o= 120 g —
Q - ] 10°
Lo 1o0f- e —
= B 1 =10*
3 gol- ]
- - 1 =10°
2 - -
9 60 ;_. .................... t 102
() B ]
S Y -k 10
o ~ ]
20 g RS — 1
0 - e e Eeaeee 1 0-1
20 40 60 80 100 120 140 160 180 200
- reconstructed track p_ [GeV]
— — e e e

generated particle p_ [GeV]

T

magnitude between 100 MeV and 50 GeV)

» Non-Gaussian tail in track-momentum response. Mainly due to
hadronic interactions (in MC effect present for ©*, not ")

140

120

100

80

60

40

20

high p_track

IS L B B HLL LN B LN LN BN BN 1 A
- ATLAS Preliminary A _8'
~  Simulation (non-diffractive) ] a
E <
44108
— =
] v

g 107

S T e T e 10—3

20 40 60 80 100 120 140 160 180 200

> Problem mainly outside TRT acceptance of n|<2.1
~ Reduces by requirement of track fit prob. > 0.01 when p_> 10GeV

» Remaining effect accounted for as part of the spectrum unfolding

@
@)

A hard interaction
producing a fake

reconstructeg Iﬁﬁk P |GeV]
—
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Bayesian unfolding: Correct for bin-migrations

~ Unfold observed p_and n_|

» Unfolding p_and n_

10 .

distributions to get particle-level p_and n

» Use MC sample to get initial guess at migration matrix connecting particle-level distribution

with reconstructed distribution.

> Apply this matrix on data to get first guess at particle-level distributions

> Use this distribution to get updated estimate for matrix. Reiterate until convergence

achieved = Final unfolding is data driven

» = negligible systematic error

? Migration matrix
j forp unfoldlng

....................................

g

gl

separately for simplicity and numerical stability

T

T

Corrects for residual

7 Iow-pT to high-pT
contamination

I Track fit prob. cut

> 10 p, >100 MeV, |n | <25, n,,> 2 -
S 10 E
- Effect of |-
© . E
£ 10" unfolding |4
Z 102 =
o . 3
—~10 4
Q 4 E
& 10 -
S E
10 E \s=7Tev E
Z 10° L =
= 107 ATLAS Preliminary 3
108 Corrected _2
10°F — Unfolded -
1070 3
o ] N
1-1:_ — Unfolded/Corrected :
el C a
T — ]
¢ T T
0.9F —

10’ 1 10
p, [GeV]

———

when pT>1OGe\é0
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Systematic errors

Systematic uncertainty on the number of events, N,y

Vs=09TeV | \Js =7TeV

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 N, 1.1% 0.8%

Systematic uncertainty on (1/Ngy)-(dN/dn) atnp =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 Ngy —1.1% —-0.8% -
Total uncertainty on (1/Ney)-(dNgy/dn) atnp =0 2.1% 2.3%

N\

Shown here for one measurement and for p_>100MeV analyses
In general systematic errors are applied per-bin as relevant

Q

Tracking eff.
main source

N Normalisation

cancels errors

21
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Results at 0.9 and 7 TeV (21 particle, p_>500MeV)

W

IIII||I|I||l|||IIII|l|l|||l|I||||I|IIII|III||IIII

p.>500MeV, |n|<25,n >1

oo
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S
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Special conditions for the 2.36 TeV data sample ﬂ

» December 13 & 15 2009 LHC delivered pp collisions at 2.36 TeV (then world record).
Stable beams were not declared = SCT in standby mode for safety reasons:

> sensor bias voltage 20V (nominal setting is 150V)
» = heavily degraded performance
» Fortunately:

> Pixels at nominal settings

> Nearby reference run at 900GeV had similar detector conditions (apart from
beam-spot)

» Two complementary strategies for recovering use of 2.36 TeV data sample:

» ID-track method: Perform variant of standard analysis, but with relaxed tracking
cuts to allow for reduced SCT performance. Correct for degraded performance.

> Pixel-track method: Perform tracking with pixel detector only, ignoring
SCT+TRT. Cons: Bad p_resolution. Pros: Less material uncertainty.

~ 900 GeV reference run used both as input for data-driven efficiency determinations
and general validation of method (must reproduce known 900 GeV results)

- Results from the two methods are cross-checked with each other

e ——Sit——
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Efficiency at 2.36 TeV for ID-track method

o]
o
o
o
———

» SCT at standby voltage means
narrower depletion zone:

rrryrrrrrTTTr T T T T T T T T T T T T T T T T T
Data 2009 ATLAS Preliminary
\'s =900 GeV —4— SCT Standby
] SCT Nominal

7000

6000

» = Reduced hit efficiency

5000

Number of Tracks

» = Lower Intrinsic resolution

» = Higher relative noise level

» Effects pronounced at low
incidence on the wafers

» Tracking cuts are relaxed to
minimise effects, but still present

25 2 -15 -1 -0. 0051 15225
A v

—— ; high ————=— ¢ high— SCT nominal Incidence angle of zero More layers
= Higher incidence angle traversed

Standby/Nominal

A »

.
o“
.
K
.

: _ Relative standby/nominal efficiency
SCT standby can thus be found in 900 GeV data

" and applied to 2.36 TeV analysis
(after reweighing to beam-spot)

24




T. Kittelmann / 5th Workshop on High-pT Physics at LHC / September 27, 2010

Pixel-track method at 2.36 TeV: Tracking efficiency ﬂ

» Unused trackers, SCT+TRT, used for data-driven tracking eff. correction:

| extension rate
Pixel track |  SCT+TRT track data,QOOGeV(n)

MC,2.36TeV €extensi
o Etrk("r} ) = Ctruth matih <U ) ’ ;?[(Eje’gi}g%l'}ev ( )

‘extension

‘e
.
‘e
"
‘.
‘e
o

connect if “meet” (y? cut) on intermediate surface

1. 2prr

o 11E €, Pixel Tracks E . :

5 . : Correction of just a

E na —4 Rc.evye|ghtedl Data 2Q09,\s =900 GeV few percent verifies

5 o 95_ |:| Minimum Bias MC,\'s = 2.36 TeV E robustness of

PR Pixel-track method

£0.8]

a r

80-7¢ N We still assign syst.

T 0.6 ATLAS Preliminary - error for tracking eff.

® 0,50+ | L] 1 by comparing with

= = +10% mat. MC.
o e L e ) € Very conservative
1111 1111 | 1111 | I 1111 | 1111 | 1111 1111 | 1111 | 1111 o 9 '9 for PIXel-traCkS

25_2-15-1-050 05 1 15 2 25 C

n




T. Kittelmann / 5th Workshop on High-pT Physics at LHC / September 27, 2010

ID-track versus Pixel-track method at 2.36 TeV H

» Main drawback of pixel-track method is shortened track length, leading to
degraded p_ resolution by about an order of magnitude compared to ID-tracks

» But systematic errors on multiplicities significantly smaller for Pixel-track method

~ Use Pixel-track method for all distributions apart from p_ spectrum

~ Publish no <p_>vs. n_ result due to correlations

» Agreement between methods and published 900 GeV results

— 1 5_ ........................................ s
O L |
2 T .

_ T ]
2° 1.4 ® ]
T L il .

> 1.3 — ]
< ATLAS Preliminary -

A 12 \'s =900 GeV

: Data 2009

—+— Published

—#— Track Method .
—&$— Pixel Track Method i
] ] T

1__|\|||\|||\ |||||||||||| Lo by v b v vy g by 0
25 2 15 -1 -05 0 05 1 15 2
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Results at 3 energies (21 particle, p.>500MeV)
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Results from diffractive-limited phase-space

HC / September 27, 2010

» Modelling of diffraction and its interference
with the ND part is problematic

> Provide results also in a diffractive limited

phase-space: < M
< i
Q> 0.1 p,>500MeV, n|<25n 21 -
>N > 6, p_>500 MeV =’
ch T o
. .50 .08 PYTHIA ATLAS MCO09¢c \'s =7 TeV ]
» Gives one more handle for MC Z

comparisons and tuning

~ Analysis analogous to n 2> 2, apart from
also using tracks from events with n_ <5:

> Otherwise lose most statistics for n,

just above 5as (g, )°is low

PYTHIA ATLAS MCO09c:

Essentially no diffractive component
above cut (all generators predicts
greatly limited contribution)

=
o
>

- single-diffractive
- double-diffractive —

0.04

0.02

10 20 30 40 50 60

ch

~ In such event, weigh contribution from each track with probability the

track originated in event above threshold

28



A\

Y

A\

Y

T. Kittelmann / 5th Workshop on High-pT Physics at LHC / September 27, 2010

First ATLAS PYTHIA tune to LHC data: AMBT1

Motivation: Provide LHC-centric tune which leans towards describing the part of the

ATLAS Input:

spectra which is most important for future ATLAS analyses.

»n, 26, p_>500MeV at 900 GeV & 7 TeV distributions:

~ Underlying Event distributions with hard p_ cuts (talk today by D. Kar)

Various Tevatron input from 630 GeV to 1960 GeV

> For consistency, but with 1/10 weight to ensure results optimised for LHC studies

Pars related to fragmentation, FSR, hadronisation not tuned (constrained by LEP data)

Results (base is MC09c tune)

AMBT1 mainly changes matter
distributions and CR strength

Model Parameter Parameter ID |[MC09c |AMBTI
Minimum pt PARP[82] 2.31 2.292
MPI: Incoming Partons
Energy Extrapolation | PARP[90] 0.2487 | 0.250
Core Matter Fraction |PARP[83] 0.8 0.356
MPI: Matter Distribution
Core Radial Fraction |PARP[84] 0.7 0.651
Reconnection Strength | PARP[78] 0.224 0.538
Color Reconnection
High pt Suppression PARP[77] 0.0 1.016

Higher probability for
high-multiplicity events

Shorter strings =
fewer, higher-p_ hadrons
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Results: n-distributions i

p, >100 MeV, |n|<2.5,n,>2
\s =0.9 TeV

ATLAS Preliminary
F-I-.---.--l"
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DT AT

. ——— T

&= Data 2009

— PYTHIA ATLAS AMBT1
==-PYTHIA ATLAS MC09
= PYTHIA DW

== PYTHIA 8

"""" PHOJET

L B
I T T T T I I T

e e b b b b b b by
T 1 1 1 T T 1 1 t

1.2 =

Data Uncertainties
MC / Data

8

7

p,>100 MeV, |n|<2.5,n,>2
\'s=7TeV

ATLAS Preliminary

6 :ao.o.o“o..n.. S ..."..ou.o“o.o...
E 1]

=== Data 2010 —
£ — PYTHIA ATLAS AMBT1 7
oF === PYTHIA ATLAS MC09 -
C — PYTHIA DW 7
1= == PYTHIA 8 =
oo PHOJET
1'41 == Data Uncertainties ]
1.2F === MC/Data 3

25 2 45 105 0 05 1 1.6 2 2.5

p,>100MeV

n

1/N,, -dN_ /dn

/dn

1/N,, - dN

Ratio

5 2.6F

1.5

p, >500 MeV, || <25,n,,> 1

" =e= Data 2009
F — PYTHIA ATLAS MC09

o L L S A N L

0 92 == PYTHIA ATLAS MCO09c
O - PYTHIA DW
[ PYTHIA Perugia0 ATLAS ]
0.8F PHOJET \s =900 GeV A
B e
1158 == Data Uncertainties E
11? ..... MC/Data E

252 45 1050 05 1 15 2

C ATLAS Preliminary
1.6 \s=7TeV -
r == Data 7]
1.4 — PYTHIA ATLAS MC09 i
"'k == PYTHIA ATLAS MC09c ]
4 oE PYTHIADW i
e PYTHIA Perugia0
4£ - PHOJET A
N MR e
1.2F == Data Uncertainties =
11 MC / Data 3

p.>500MeV

0.7 e
05 2 15 105 0 05 1 15 2 25

n

Distributions more flat for more inclusive PS
 Feature of higher diffractive component

Shapes mostly OK (except for PYTHIA DW)

Multiplicity in data higher than any MC
* Pronounced for more inclusive PS

= MC has too few particles at low p_

 Looks like problem describing diffraction
* Or at least that global tunes have too
limited input in diffractive regime

» Feature also affecting other distributions

NB: Slight differences in set of MC
models shown in different plots...

NB: To be brief, not showing plots at 2.36 TeV
or for phase-space with n, 26, p_>500MeV
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Results: Energy scaling of central multiplicity

. &)

S B S) B UG, B¢, B &

A

1.5

T T T T T | T
p. > 500 MeV,n=0,n,2=>6
ATLAS Preliminary

— PYTHIA ATLAS AMBT1

----- PYTHIA ATLAS MCO09c
---------- PYTHIA Perugia0

a Data

i
\I\I‘I\II|IIII|I\I\|\I\I|II

10°
\'s [GeV]

5

L

1/N,, - dN

‘I\II||‘

| = PYTHIA ATLAS AMBT1

----- PYTHIA ATLAS MC09
----- PYTHIA ATLAS MC09c
=== PYTHIA Perugia0

— - PYTHIA DW
----- PYTHIA 8 0
PHOJET ('\c,‘(\7
a Data Q.

—>—

B\ -
\ \\ .\ \ .
[ I | | [

Lo b e ™M o |

Best agreement found in diffraction-limited phase-spaces
. Several models have very good fit here - AMBT1 excellent
Bad fit for p.>100MeV phase-space where the diffractive component is large
[ arge model to model fluctuations in this phase-space

_—J

31



T. Kittelmann / 5th Workshop on High-pT Physics at LHC / September 27, 2010

Results: p_distributions !
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Measurement spans 10 orders of magnitude!

No MC model describes data at all p_
* Best fit at intermediate range

Models predict too few particles at low p_
 Already observed from m-distributions

Larger spread in model predictions at
higher p_values
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Results: Multiplicity distributions I
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Results: <p_>vs.n_
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Angular correlations ﬂ

> In addition to multiplicity distributions, event shapes can also provide constraints for

MC tunes and insights into QCD

» Underlying Event studies to be presented by D. Kar in the afternoon

» Angular correlations discussed here

-~ Define leading particle as particle in phase-space with highest p_

- Define A¢ for each non-leading particle as

unsigned azimuthal angle with respect to
leading particle

» Construct robust distributions with minimal

systematic errors in light of detector level
tracking inefficiencies and phi-assymetries

- Use phase-space with more uniform tracking
efficiencies:

» p.>500MeV,n =22

ol

2 :l T T T T T T T T T T T T T T T T I T T T T ‘ T T T T :
T 48[ ATLAS =
£ 4.6F Preliminary E
a U —+4— Data  \S=900GeV ]
S 4.4f =
8 s2f [ ] ND MinBias Simulation E
2 4- =
0 3.8[ E
=
o 3.6
< 34f
3.2F =
| | P Y | I L
33 2 1 0 1 2 3
o

Small phi-asymmetries in the detector due
to imperfections such as disabled modules

» In|< 1.0, 2.0 or 2.5 (multiple to provide more handles)
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Angular correlations: Distributions
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Angular correlations: Uncorrected test on MC

» Even without any special corrections, MC tests with raw distributions prove
the methods to be quite robust:

§007:_'"|""|"-".|"" '|"'|_: /??012__|||||__

B C ATLAS Preliminary 3 B L ATLAS Preliminary i

= 3 ] = 3 5

~t 0.06¢3 MC\'s =7 TeV E 5 O1fe MC\'s =7 TeV =

> 3 ] 5 fe ]

= 0.05; ¢ —4— MC generated = o 0.08- ® —+— MC generated ]

= C ] @ . ® ]

J 0.04F ® —¢— MC reconstructed (ottt =8 S —4— MC reconstructed 1

E O F s ¢ n 0.06— .

l—z 0.03 . p, > 500 MeV ".0 = >& - o p, > 500 MeV :

> = s ml <25 o* ] 'Z 0.04- °  m<25 -

= 002 s K = Ty F a ]

- % o . % 0.02 ‘e ]

0.01:_ ® .., _: g/ . - ..‘. -

C oy °® . - bl P -

C e o® - - Soeo. oo o

o %000000°°° ] o | abbdd g 'I b 'I_

Cy P I NI NI S ST R | IR B = P R NI RS ey oy NI e

Q e ' ' ! ' i Q ; ' ' ! ' ' "

O 0.002?+++ A(I) - 0 0.002c A(I) -

0 0.001F 4444 . = o 0.001:+ + =

Ko oF aals ﬂd"avbws%’“ - e Q Of Ty .+J.++*?%++++vh +%+ﬂ. + i ; -
3 E LCTATTIN 3 3 = Tet 4

8 _0.001F MR RN O _0.001F P b te'e

-0.002E ‘ , , ‘ - 0.002E ‘ . , ‘ =

0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3

> Remaining bias mainly due to lost tracks = corrections applied
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Angular correlations: Corrections H

Event selection:

v

~ Only events with low n_are lost. These contribute with few entries.

\

Background tracks not correlated with leading track (from pileup, secondaries
from non-leading particles, ...):

» Contributes relatively uniformly to A¢ = cancels out in subtractions.
> Background tracks correlated with leading track:

» Estimate fraction 1‘bkg from MC and apply weight: 1-fbkg

~ Misclassified due to p_resolution (e.g. swap leading and 2" leading):

- Small effect since distributions will be similar when p_ = p_,

> Non-leading particles lost to tracking inefficiency:

» Leading particle lost to tracking inefficiency:

> Bigger effect since angular distributions to 2™ leading track can be somewhat
different = Data-driven correction implemented...
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Angular correlations: Correct for loss of leading part.

> Estimate fraction of leading particles reconstructed as tracks:

> Integrate ™ . (PM) over p_and n spectrum from data

» For |n|<2.5 this gives 81% chance to retain track

» Atrtificially ignore the leading track in 0%, 20%, ..

., 100% of events

» Extrapolate to 100% retained leading particles bin-by-bin
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Angular correlations: Results at 900 GeV
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Angular correlations: Results at 7 TeV
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Summary H

» Several minimum bias results from ATLAS available;

> Inclusive distributions measured at 0.9 and 7 TeV with well-defined phase-
spaces down to 100 MeV and 500 MeV with just 1 or 2 particles and at [n|<2.5:

1 dNgy 1 1 d®Ney 1 dNgy
Ney dn , Ney 2mpr d?]de, Nev  dnep

and {(pT) VS. nep

» Data point at 2.36 TeV where SCT was at standby was recovered for the first
three distributions

> Diffractive limited phase-space used for new PYTHIAG tune
> Angular correlations

> All data corrected back to particle level in a model-independent fashion facilitating
easy comparison with MC models

> Many features reproduced by models, but significant discrepancies remain

» Subsystems of ATLAS relevant for such studies are all performing very well and in a
well-understood manner:

» MBTS trigger, Inner Tracker, software, ...
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Inner Tracker Performance
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More plots on beam-backgrounds

» Another way to estimate the level of beam-background which does not
depend on MBTS timing differences (which are not always available with a
single-arm trigger):

\s=7TeV ATLASPreliminary \s=7 TeV ATLASPreliminary
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dN,_/dn (normalised)
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n-dependence of p_reco performance

-~ Flatness of p_vs. n used to gauge uncertainty due to mis-alignments and
mis-measured tracks.

» Effects enhanced outside TRT acceptance at 2.1<|n|<2.5
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More on pixel-track method at 2.36 TeV |'

No SCT dependence = Determine tracking efficiency from nominal MC as always

However presence of unused trackers
SCT+TRT allows data-driven correction

Find tracks using only SCT+TRT
trackers and find how often they can be
connected with a Pixel track (“extension
rate”)

Pixel track SCT+TRT track

‘e
.
e
e
e
e
o

connect if “meet” (x? cut) on intermediate surface

In MC, only hard scatterings between Pixel & SCT should lead to difference between
this extension rate and standard efficiency from pixel-track to truth particle matching:
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Pixel-track p_resolution at 2.36 TeV

» Main drawback of pixel-track method is shortened track length, leading to
degraded p_ resolution by about an order of magnitude compared to ID-tracks

» Can be improved by refitting selected tracks using vertex as additional
measurement

> Still ~6 times worse
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Systematic errors for 2.36 TeV analysis

Uncertainty on Ngy

Source of uncertainty Pixel track Method | ID track Method
Vertex reconstruction efficiency 0.4% < 0.1%
Track reconstruction efficiency 0.5%

Ditferent Monte Carlo Tunes 0.1% 0.4%
Statistical uncertainty 1.2%

Total uncertainty on Ny 1.4% 2.6%

Systematic uncertainty on (1/

Nev) ) (chh/dn)

Source of systematic uncertainty

Pixel track method

Track method

Trigger and Vertex reconstruction efficiency 0.1% < 0.1%
Track reconstruction efficiency 3.4%

Out of phase space correction 1.1% < 0.1%
Secondary fraction 0.6% 0.1%
Correlated Uncertainty on Ny -0.5% -1.8%
Uncorrelated Uncertainties from Nay 1.3%

Total systematic uncertainty on (1/Ngy) - (dNg,/dn) 3.5% 4.5 %

Again, just shown here for one measurement

Q

I\

Pixel-track method better
for multiplicity results
due to tracking eff.

—————
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p.>100MeV results: 900 GeV (top) & 7 TeV (bottom)
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Angular correlations: Uncertainties I

Relative uncertainty

Source of systematic uncertainty Implemented in first bins

Event selection inefficiency bin-by-bin 1%-3%

Bias remaining after corrections 2% in first 4 bins 2%

Resolution - phase space boundaries bin-by-bin 1%-2%
Resolution - leading track bin-by-bin 0.1%-0.2%
Efficiency of leading tracks bin-by-bin 0.1%-0.2%
Efficiency of non-leading tracks 0.2% in each bin  0.2%

¢ dependence of the tracking efficiency 6 x 107> in each bin  0.1%-0.2%
Choice of the %" cut 9% 107 in each bin ~ 0.1%-0.3%
Statistical uncertainty 900 GeV: 3%-4%

7 TeV: 0.3%-0.4%

Remaining systematic uncertainties contribute
mainly in the first few bins...

Two-fold reason for better statistics at 7 TeV:
More events and more entries per event

— B S,
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