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Brief Motivation

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

study the properties of inelastic proton-proton collisions

O Experimental motivation: model the pileup and underlying event

Necessary for measuring physics processes at high energies.

Otot = Oglastic + |0 melk

Onon-diffractive + O'single-diffractive + 04 double-diffractive
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Measurement Strategy

O Measurements made:

Charged particle multiplicity, its dependence on pr and 1, its correlation with pr

1 dN, 1 1 d?Ng, 1 dN.,

Neyv  dnp , Ney | 2P | dnde’ Ney | dncp

O Strategy: As inclusive and model-independent as possible
» Single-arm trigger

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

» Well-defined phase-space — facilitates MC tuning

O Studied phase-spaces:
>=1 particle : pr >500 MeV, Inl <2.5 :studied at vs =0.9,/2.36} 7 TeV
>=2 particles: pr > 100 MeV, Inl <2.5 : studied at Vs =(0.9, 7 TeV

>= 6 particles: pr > 500 MeV, Inl <2.5 :studied at Vs = 0.9, 7 TeV
Used in new AMBT1 Pythia 6 tune

Till Eifert, LBNLMIT10, 11 August 2010
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Possible for all \/s

Most inclusive
Diffractive limited
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ATLAS Detector Overview
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Tile calorimeters

LAr hadronic end-cap and " End-cap semiconductor tracker

forward calorimeters

Pixel detector

| ) LAT e_lectromagnetic calorimeters ATLAS Inner TraCker
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor fracker } Coverage |r]| < 25

» Pixel

3 barrel layers, 3 endcap disks
» Silicon Tracker (SCT)

4 double-sided barrel layers, 9 endcap disks
Collision Event at » Transition Radiation Tracker (TRT)

ey ~ 32 hits per track

Toroid magnets

_ |[Minimum Bias Trigger Scintillator (MBTS)
» Inside the endap calorimeters

| Ny  rx » 3.6m from interaction point
SATLAS RN L5 » Coverage 2.1<|n| < 3.8 in 2 disks

A EXPERIMENT

2010-03-30, 12:58 CEST

Run 152166, Event 316199
http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html
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Datasets and Event Selection

O MBTS single hit trigger

O 1 Reconstructed Primary Vertex

@ 2 tracks + beam-spot

9 Remove pileup events, i.e. second vertex with

>= 4 tracks

O Track Selection

9 various quality cuts and remove non-primary

tracks by cutting on impact parameters at the

primary vertex.

Number of SCT hits per track

8.5 ATLAS Preliminary
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Number of Pixel hits per track
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Excellent agreement btw. Data/MC

0.9 TeV (~7 ub-1)

360k events

4 5M tracks

7 TeV (~190 pb-1)

10M events

210M tracks

2.36 TeV

bk events

~40kK tracks
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Correction Procedure

NseBS: number of tracks;
cuts as close to final selection as
possible without a vertex

= Corrections applied event-wise
> Trigger, Vertex

1 1
BS
Wao (N — :

eV( Sel) Etrig(n]S%eSl)

B Evtx (n]SBeSl)

= Track-level correction for tracking efficiency, non-primary tracks and tracks from
outside of the kinematic range (okr):

1
€bin (pT, 77)

wtrk(pTan) — ' (1 — fsec(pT>) ' (1 — fokr(pT,ﬁ))

= [terative Bayesian unfolding method applied to both number of particles (ncn) and pr

= Correct for events lost in the nsei=0,1 bins:
> l.e. events with =2 particles but <2 tracks

1

1 — (1 — Etrk)nCh — Nch * €trk - (1 — etrk)(nCh_l))

Wout (nch) — (
= <pTt> VS Nch: bin by bin correction of average pr then nch migration
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Tracking Efficiencies & its Systematics
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00 Tracking efficiency is determined from MC

» MCis validated against data

» parameterized as function of prand n.

0O Main systematic uncertainties

» low-pr: MC material description

o
©

0.7

0.6

0.5

0.4

0.3

(estimated using Ks mass, and track extension rate)

» high-pr: migration of low momentum particles, mis-

alignment

(estimated using various tracking quantities in data, and

width of invariant mass)

O Rate of non-primary tracks is estimated from data

» fitting tails of impact parameter distributions
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Track Reconstruction Efficiency
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Track Reconstruction @ 2.36 TeV

= 2 Track reconstruction methods
> Could not use standard tracking as SCT not at nominal configuration
> HV= 20V (nominal: 150V)
> Reduced hit efficiency (~100% — O(50%))

= Test run @ 900 GeV with both SCT configurations

N . )
ID tracks Pixel tracks
> Use full ID information > Hits from Pixel layers + primary
> Relaxed track cuts vertex
> pr resolution similar to full tracks > Smaller material systematic
> Used for pr distribution > Degraded pr resolution
> Relative efficiency wrt. nominal > Used for nch and n distributions
tracks from test run @ 900 GeV > Relative Pixel efficiency from SCT
> Apply ratio as correction factor +TRT tracks (from Data)
e : > Small correction factor from MC —
% 0.9F _-_ﬂgcoom—o@om E . ..
L P * eooog] absolute Pixel efficiency
é dsi:*ti" -.iﬁﬁl'- *fll'_é
£ 05F =
g 04E ATLAS Preliminary E
3 - \s=2.36 TeV
% gz; —$— Nominal Simulation :
E 0'_15_ + Corrected Simulation =
95T s 05 0 o5 1 is 2 s
\- 1 VAN J
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1/Nev dNch/dn

>= 2 particles, pT > 100 MeV >= 1 particles, pT > 500 MeV
-g :IIII||||||||||||||||||||||||||||||||||||||||||||: -o: _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII||||||||||_-g 2|||||IIII|IIII|IIII|IIII|IIII|IIII|III|||||||||||
~ - p.>100 MeV,Inl<25,n.,=2 . - 5:_ p.>100 MeV, Inl<25,n.,=>2 < B pT>500MeVJn|<25J%&z1 i
G 88— —] S L 4 _6 B
= - \s =7 TeV 1z - \'s =0.9 TeV 1=z - .
T - o i T - 13 1.8 +++ } + 4 ++ -
s I ATLAS Preliminary = 2 - ATLAS Preliminary 4 3 - -+-/% -+- ]
- | F . T
—  00e®e0®®0 000 000040°% .0 o - = R 5 , _
6'; ot o _.._ ....."00000000°°.... ______ = .E' 16—/' _________________________________________________ ~§
4_:- _____ e T T T _-_- B i 14_ \\\\\ _
3 === Data 2010 = 2 == Data 2009 - [ == Data 2009 |
- — PYTHIA ATLAS AMBT1 ] B — PYTHIA ATLAS AMBT1 i 1.2 — PYTHIA ATLAS AMBT1 —
o -=- PYTHIA ATLAS MC09 3 I == PYTHIA ATLAS MC09 - - --- PYTHIA ATLAS MC09 -
- —PYTHIA DW . 11— —*PYTHIA DW ] T PYTHIA DW i 7
1= == PYTHIA 8 = N == PYTHIA 8 ] a PYTHIA Perugiao ATLAS Preliminary.
e PHOJET . - PHOJET : 1= . PHOJET \'s=236TeV —
S e b b b e b e Lo ] _!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!,!!!!,!!!!,!!!!_ j,,,,I,,,,I,,,,I,,,,I,,,,I,,,,I,,,,I,,,,I,,,,I,,,,j
1-4F == Data Uncertainties E 1 oL == Data Uncertainties - 1.2 == Data Uncertainties =
1.2F === MC/Data E b === MC/Data i 1= MC / Data =
2 - . 2 i o E 3
s 1F ] © = = =
I T e e ey TLTC i T A of ;
0.8 e T N E
0.6:_....I....I....I....I....I....I....I....I....I...._:
-25-2-15 -1-050 05 1 15 2 25
n n

» Very little shape variation between models
» Difference mostly in normalisation
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» Measurements span ~ 10 orders of magnitude
» Large disagreements at lowest pr
» At Intermediate pt much better agreement of new AMBT1 tune
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At low pr threshold

» Peak around 10 particles per event
» Both low and high values not well

described by current MC

At high pT threshold

» AMBT1 describes full spectrum better
than 10%

» Other tunes have different shapes in
Intermediate regions

Till Eifert, LBNLMIT10, 11 August 2010

11

Tuesday, August 10, 2010



http://ctp.lns.mit.edu:16080/lhc/
http://ctp.lns.mit.edu:16080/lhc/

(p)[GeV]

Ratio

<PT> VS Nch

0.8

0.7

0.6

0.5

0.4

0.3

0.2

1.2

0.8

'_

\
>
s

|IIII|IIT—I'

pT>100 MeV,Inl<2.5,n

ATLAS Preliminary

...............
...........
||||||||
|||||||||||||
.....
------
e
..................

= 2

ch =

\'s =0.9 TeV

-

-
—

-

-

-

&= Data 2009

— PYTHIA ATLAS AMBT1
== PYTHIA ATLAS MCO09
—* PYTHIA DW

== PYTHIA 8

PHOJET

—

Dt

-

= Data Uncertainties

MC / Data

10 20 30 40 50 60 70 80

nch

(p) [GeV]

Ratio

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

.
ot
K

.....

-
.
-z
-
.

J:I TT TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | T TT I:
- p,>100 MeV, In1<2.5, ny, =2 E
- \s=7TeV .
= =
nl =
— - - / 1
= ATLAS Preliminary - E
= ~7 =T —
- 7 T ]

= Data 2010
— PYTHIA ATLAS AMBT1
-=- PYTHIA ATLAS MCO09
— PYTHIA DW

== PYTHIA 8

PHOJET

.-
.-
.-
.-
-

|IIII|IIII|IIII|III
(P [GeV]

10 20 30 40 50 60 70 80 90 1

» Shape at high nch well-modelled
» AMBT1 and Pythia8 reproduce the spectrum the best
» Low nch shape sensitive to ND,SD,DD fractions
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Summary

= - T T T RS B
O ATLAS Inner Tracker performing very well D g ——PYTHIAATLAS AVBT! A
- T e PYTHIA ATLAS MCO09 | e
=° [ ---PYTHIA ATLAS MC09c RRyae
. o 5-_ === PYTHIA Perugia0 ' /,'_-
O Measured charged particles down to pT > 100 MeV -, 3 —-rvmiaow Fr
=S 2 N
(Vs =0.9 and 7 TeV) = 4 -
O Fully corrected for detector effects 3_ _
2 -
O Measurement possible at vs =2.36 TeV - ]
(>=1 particle, pT > 500 MeV) e -
O_ L ] I RTINS B
O No model-dependent corrections applied 10° 10°
\'s [GeV]
O Measurement as inclusive as possible
# Significant fraction of diffractive events (order
20%)
# MC models don’t agree as well as for pr > 500
MeV
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#  Phase-space: pT > 500 MeV
O Monte Carlo tunes
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Pile-Up removal

The fraction of events with more than one p-p
interaction is estimated to be around 0.1% for the
data collected at 7 TeV.

The presence of such events might bias the tails on
the nch distribution.

Expect ~1% of events with a second reconstructed

vertex:

# mostly fakes and secondary vertices with few

tracks.

Remove events with a second vertex with more than
3 tracks.

Residual effects after pileup removal:
#  Fake pileup events removed: 0.03%
#  True pileup events not removed : 0.01%

# True Pileup events reconstructed as single
vertex: 0.01%

Till Eifert, LBNLMIT10, 11 August 2010
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2 EXPERIMENT

Run Number: 153565, Event Number: 4487360
Date: 2010-04-24 04:18:53 CEST
Event with 4 Pileup Vertices
in 7 TeV Collisions
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Track Selection

Track Reconstruction algorithms: tracks from and low pr

Impact Parameter Requirements: [do™V|<1.5 mm, |zo™Y| sinB<1.5 mm

Track Length Requirement (2/4/6 cut):
100 < p1 <= 200 MeV : Nsct >= 2
200 < pr <= 300 MeV : NscTt >=4

pr > 300 MeV : NscTt >=6

Pixel Hit Cut: if B-Layer hit is expected, require B-Layer, otherwise 1 Pixel hit

Tracks with pt > 10 GeV : Prob(x?,Ndof) > 0.01

Till Eifert, LBNLMIT10, 11 August 2010 16
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Trigger & Vertex Efficiencies
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Trigger efficiency from data:

» measured with respect to a random
trigger with a loose requirement on
activity in the Inner Tracker

» Efficiency was checked to be flat in
pTand n

» Tracks are extrapolated to beam
spot instead of primary  vertex
IN the absence of the vertex

Vertex reconstruction efficiency

1.02 AR i
1 __ ——— @ o—— L L O—_
B —— ]
0.98 - ATLAS Preliminary |
096 —+— Data 2010 _
i \s=7TeV :
0.941 p_>100 MeV, i <25,n®=2
0.92- .
- ’
09 _' [ | | | N A | | | i
2 3 4 5 6 7 8 9

Vertex efficiency from data:

» Dependencies on the longitudinal
impact parameter spread (Azo) and pr
for events with low track multiplicity are
also taken into account.
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High-pt Tracks

A fraction of high-pr tracks is

. > .. [ ATLAS Preliminary PR 10F
caused by low PT partlcles: S 1405 Simulation (non-diffractive) 1 10
;_ 120 —E 105
. o © 100 — 4
@ Non-Gaussian tail in track g {210
80 _: 103
momentum response 2 4 |~
% B S — 10
W Steeply falling pr spectrum e - = I
in min. bias events (9 0530 40 60 B0 100 120 140 160 180 200 10"
) reconstructed track P, [GeV]
orders of magnitude 4 A
- 140 ATLAS Preliminary B g
between 100 MeV/ and 50 O, - Simulation (non-diffractive) . s
o~ 120} — E
GeV) S 100 44 10'1|‘_3
5 - Y
O 80 - -
Single particle MC: e . B
5 1 10
. . c E
% Single pions show same behavior (once re-weighted to pr spectrum) o o E
e — e T e ——— e —r— ————— -3
% Single muons well behaved up to highest momentum 720 40 60 80 100 120 140 160 180 200 '
reconstructed track P, [GeV]
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High-pt Tracks

- ATLAS Preliminary *

MC ND \/s=7 TeV
—e— baseline cuts +

measured tracks

© o oo o
OO O N 00 ©

—#— 2 probability cut

% Cut on track-fit-probabilty greatly

>
©
S 04
reduces fraction of mis-measured tracks 5 ;
S T
50.2
“# Remaining fraction in Data is estimated “oa- T, I :
f t h qE._ I_‘_.!_'_l 1111 | 11 1 | 11 1 | | I I | | | I I | | | I I | | 11 1 I:
- 0O 20 30 40 50 60 70 80 90 100
orm €.g. eta-snape track p, [GeV]
6 2:IIII|IIII|IIII|IIII|IIIIIIII|IIII|IIII|II.II|.IIII: %\ 2:IIII|IIII|IIII|IIII|IIIIIIII|IIII|IIII|II.II|.IIII:
_% 1_8;_ Data\s=7 TeV ATLAS Prellmmary_; g 1_8;_ MC ND \s=7 TeV ATLAS Prellmlnary_;
[y ® 1.0<pt<2.0GeV 14 © 46 ® 1.0<pt<2.0GeV =
S = W 2.0 <pt<3.0GeV 1 £ - W 2.0 <pt<3.0GeV ]
Q 14 A 9.0<pt<10.0 GeV 4 2 14 A 9.0<pt<10.0 GeV E
~ 12K Vv 10.0<pt<15.0 GeV g9 = 12F ¥V 10<pt<15.0 GeV =
5 = O 15.0 <pt <20.0 GeV 1 B - O 15.0 <pt< 20.0 GeV .
T 1 20.0 < pt < 30.0 GeV -4 s 1 20.0 < pt < 30.0 GeV —
z 8%_ A 30.0 < pt<50.0 GeV 1 2 b A 30.0<pt< 50.0GeV 1
O T - © T .
0.6 - 0.6/ —
0.4 — 0.4 —
02 A== - = 0-2'952:5‘!——;3*55_:’ !_=5==zf§=g§
0:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII OIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
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Material uncertainty

%  Two data driven methods to estimate difference between the real detector and the material description in
the simulation:

#  Invariant mass of K=t measured as function of n, ¢ and decay radius. Greatest sensitivity to
small decay radii.

% Compare track lengths in Data and MC. Probes material description in terms of nuclear radiation
length, starting after the Pixel detector.

\s =7 TeV \s=7TeV
-9 1003 _l T 17T | L | T T 1T | T T 1T | T T 1T | T T 1T | IIIIIIII | ISII T Iel T T -9 1003 _I T T | LI | T T 1T | T T 1T | T T 1T | T T 1T | IIIIIIII | ISII T Iell T
T - ATLAS Prellmmary— T - ATLAS Prellmmary—
— N @® Data 2010/ MC ND (nominal) - — N @® Data2010/MC ND (nominal) -
@ 10021~ 5 MC ND (+5%) / MC ND (nominal) ] @ 10021~ 5 MC ND (+5%) / MC ND (nominal) .
g ~  [] MC ND (+10%) / MC ND (nominal) ] g ~ [ MCND (+10%) / MC ND (nominal) Iy ]
N ] N , ]
1.001 — — 1.001 — ]
3 gl .' ¢ | 1 3 - | .
= Y ® . ® - = - @ I ]
OH_U) 1 -I-‘# ------------- ‘----,’-9-’--‘----.-91 2’-‘.‘-‘--‘-‘-----+-' ----- I - - C;_CD 1 e o *‘, ----- @- --?-.-“‘. -.-‘-“ 5 ------- $ # ----- o
. " e[ S iy
0.999 0.999 H
- o ﬁfj ﬂIjEﬁﬁﬂﬂ%ﬂ¢ﬁfj¢%h q;# i%
0.998 0.998 H=F- |
- *
0997 O 997 _I L1 1 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111
-2.5 25 -2 1.5 -1 0.5 0 05 1 15 2 25
M ()
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Non-primary Tracks

E [ni2 <25 200Mev<p <250 Mev |
g 1075—\fs=7TeV e data
. . . 5 C MC ndiff:
The rate of non-primary tracks is estimated by £ [ arias Proliminary A s
. . . . = 1065— non-electrons
fitting the tails of the transverse impact T B S electrons
parameter distribution on data: 10°F
10%¢
» Contribution from conversion electrons and other

types of non- primaries are fitted simultaneously. R R
» Results validated by fitting the longitudinal impact dp [mm]

parameter as electrons from conversion look identical & 422, il <25, 400 MeV <p, < 450 MoV
. N 10 E\s=7Tev =
to other type of non- primary tracks. e | + aata
§ ; 06;_ ATLAS Preliminary - 2”' ' i
= - — primaries

secondaries |

zy [mm]
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Energy Comparison
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1/2T[pT 1/Nev dZNch/dnde

Comparing spectra from different diffraction models
Pythia 6 has no hard Component to diffraction
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Comparing spectra from different diffraction models
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Pythia 6 has no hard component to diffraction
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ATLAS Inner Detector
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Tuning to
Minimum Bias
& Underlying Event




2 T posmmevmiazen a6 3
® ° S 13- s =0.9 TeV =
L
[unin g Selections = e -
1_1} /1”/‘_/__:‘—:.-,'-.-._7;
P e o=
e New AMBT1 tune of Pythia 6.4, based on the N e Oa 2016
MCO09 tune with reduced color reconnection. o8 - PYTHIAATLAS MODSC -
(Denoted by MCO09c.) o7 - PYTHAPeuga)
0.6 ]
e AMBT1 focusses on matching ATLAS b
measurements in non-diffractive regimes. O S e
c 7 ]
e For Minimum Bias measurements, events were ZZ e s phcertainties E
considered only if they included = 6 Selected 1002080 40 50 60
nch
Tracks.

. : : 3 o po500MeV,Ini<25n 26 A
- The Pythia 6.4 diffractive processes have S 16 T ey e
. . . . - 7
negligible contributions to these events. S\l anaseiminay "
Model Parameter Parameter ID |MC09¢c |AMBTI 12 et ' 7
Minimum pr PARP[82] 231 | 229 P g
MPI: Incoming Partons ¢ — PYTHIA ATLASMBT1 ]|
Energy Extrapolation |PARP[90] 0.2487 | 0.250 0.8 " PYTHIAATLAS MCO9c |
: . PvTHiAPouga0
Core Matter Fraction |PARP[83] 0.8 0.356 0.6 ]
MPI: Matter Distribution ' s:s!ssss!ssss!ssss!ssss!ssss!ssss!ssss!_ss:!::
Core Radial Fraction PARP[84] 0.7 0.651 1.2 e E
9 A T e i RIRICIE £
Reconnection Strength | PARP[78] 0.224 0.538 I SR
Color Reconnection 09; == Data Uncertainties E

High pt Suppression PARP[77] 0.0 1.016 “¢ o MC/Data

10 20 30 40 50 60 70 80 90

nch
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Tune Interpretation

)PARP[QO]

e MPI Incoming Partons: p;_,,, = PARP[82](E,s/1.8TeV
-  ptmin defines a cutoff (interpreted as screening) for MPI only.
=) Reducing PARP[82] increases MPI in general.
=) |ncreasing PARP[90] increases MPI at 900 GeV & reduces it at 7 TeV.

e MPI Matter Distribution:

-  Matter is distributed in a wide gaussian (proton radius) and a core narrow
gaussian.

-  Given an impact parameter for colliding protons the overlap determines the MPI
probability.

- Ahigher probability for parton interactions raises the typical highest energy
interaction.

> Above some Hard Scatter energy there is typically complete overlap,
yielding the Underlying Event plateau.

mp» AMBT1 yields a higher probability for high-multiplicity events.
= PARP[78]/(1 +(PARP[77]* Psyang )2)

- Reconnection shortens average Lund string lengths.

e (Color Reconnection: P

Reconnect

-  Shorter strings yield fewer, higher pt hadrons.

m» AMBT1 yields a higher multiplicity from higher pr strings.
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