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Introduction: Minimum Bias Events

« Bulk of physics happening at LHC are low-p, “minimum bias” events (soft QCD)

* Need to understand these since they will be present as background / pile-up in every event
with interesting high-p_ signals
* Total cross section:
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» Look at Charged Particle Density at n=0

» Predictions by different generators
(PYTHIA, PHOJET) and different
PYTHIA tunes (MCQ9, CDF, ...)
diverge towards large centre of
mass energies

 Need to measure to constrain
phenomenological models!

* Previous measurements
* remove single-diffractive (sd)
component using MC
* Reduce sd due to coincidence trigger:
“‘NSD” measurements
 They extrapolate down to p.>=0MeV

Fig. 1: Central charged particle density for non-single diffractive inelastic p-p collisions.
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This ATLAS Minimum Bias Measurement

* Measure charged particle multiplicities in p-p collisions

* In this analysis we can see only part of total cross section:

e triggered inelastic events with charged particles in geometrical acceptance
in regime of well-understood tracking (p, not too low)

- Kinematic range |n[<2.5, p; > 500 MeV, N, = 1

- Avoid taking N, =0 from Monte Carlo Avoid model dependences as much as

Measure corrections from data if possible possible!
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Trigger and Data Quality

* Require at least one hit above
threshold from either side of the Minimum Bias Trigger Scintillators MBTS
detector L1_MBTS_1 Ll TZZ

* Prevents bias on diffractive components

» Require fully operational Inner
Detector and Solenoidal B-Field

* Look at collision bunch crossings
only

 ~455000 events selected in whole
2009 900 GeV data
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ontro

rigger an

nner Detector

* mbSpTrk - L1 Beam-pickup, filtered by L2 Pixel and
Silicon microstrip (SCT) spacepoints, and EF track.
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Offline Selection

Selection causes loss of events
that needs to be corrected for

Event Selection
e Require L1 MBTS trigger
e Primary vertex

Trigger Correction

Vertex Correction

« Including 23 tracks (p; > 150 MeV)

« Number of selected tracks = 1 Ul e A

Correction

Track Selection
. p. > 500 MeV
* [nl <2.5
 Number of Pixel Hits = 1 ATLAS Si Detectors:
e Number of SCT Hits = 6 Pixel and Silicon Strip (SCT)
e [d,V] < 1.5 mm Transverse and Longitudinal

o Y Track Impact-Parameters evaluated
° |Zo Sm(e )l <1.5 mm Wrt. Primary Vertex (PV)

e I[nside out track reconstruction
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Trigger Efficiency
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 Parametrised as function of
offline selected tracks
(w/o vertex requirement —
wrt beamspot BS)

e Determined by comparing to
Control Trigger mbSpTrk

 Very high — small correction
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Beam Background
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Trigger Selection Final selection

« Measure time difference from offline readout of MBTS
* (Timing cut is not used in analysis selection.)
* Look at collisions events (paired bunches) and
single beam (unpaired bunches)
« Beam background rate at 10+ level
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Vertex Efficiency

Vertex Reconstruction Efficiency

0.6L
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* Measured from data:

Ratio of triggered events with
vertex / all triggered events

* Tiny systematic from beam
background.

« Software setup to find at most one vertex per event
* No pile-up in data
* Require at least 3 tracks with pt>150 MeV fitted to vertex

G. Brandt - Charged Particle Multiplicities 9



S
Simulation of Tracks in Inner Detector

Average Number of Pixel Hits Average Number of SCT Hits
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* Determined from Monte Carlo
cone matching reco to true tracks

» Average Track Efficiency ~76%

* Fraction of Secondary Tracks (~2.2%) and
Fake tracks (0.1%) also determined from MC

Track Reconstruction Efficiency
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econdary Tracks

» Sources of secondary g
interactions: = —— Data
 Nuclear interactions — Primaries

I Secondaries

 \Weakly decaying particles
(Ks, Lambda etc.)
* Pion decays

« Define secondary as mean
life time T > 0.3x10™°s

» Cut on dO and z0 removes secondaries
« Estimate remaining secondaries in from fit of MC to data
impact parameter distribution in 2 < d, <10 mm

e 2.20% = 0.05 (stat.) = 0.11 (syst.) of selected tracks
e Subtract from track yield
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orrection F
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» Apply efficiencies and additional corrections as weights during analysis
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n_  correction

(o]

» Distributions in n, need to be corrected
for bin migrations due to track efficiency
7))
» Use a matrix to distribute tracks to their % 10"
particle multiplicity bins (“Bayesian Unfolding”) '*CEvj
al
 This does not change overall number of 3
events measured © 102
o
» Use correction factor to recover events lost g
due to track efficiency
| 0o 10 20 30 a0 50 e0 1O

N,

Cr Epin ) s Sel ) = - "
t (< b (pT n)> s l) I — (1 —(%m(?Tﬂ?)))t SeleCted traCkS
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Fraction of Events

n orrection
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Closure Tests

= 018 T T T T T T T T T T T ‘ T T
:‘- T \\Illlll‘\ I\\lll\\ |\\\I| \III‘ II\\lIIIIl\\I T TTTT co : :
2 1S5 p, >500 MeV, |7 | <2.5,n,> 1 ~ Q>o1el p;>500MeV, |n|<2.5n,=1 B
3 i 2 PYTHIA MinBias Generated -
= L § = 0.14F — PYTHIA MinBias Analysis =
Z 1.3— — z ]
T - i T o0.12F -
125 _ 0.1:— -
- i 0.08— —:
12 - 0.06] - -
Z i 0.04[— —
" - PYTHIA MinBias Analysis ey C ]
LIS e PYTHIA MinBias Generated | 0.02 - .
_!ml!ml:m!!m!m;!milHH!HH!HHM!H_ ;! — E
11 Data Uncertainties - ’ 12_ = MC Analysis / MC Generated =
- — MC Analysis / MC Generated . ’ 0'5; Data Uncertainties E
o 1-050 E O T =
= E ] = 1‘_|—._ =
A [ r = 2 E
- 0 95; E 0.958 E
UE E 0.9- =
0.9_|\|||\||\_ 0_85: 1 L 1 . L . . | L L |:
25 -2-15 -1-050 05 115 2 25 5 10 15 20
n lnch

» Test with MC if the correction procedure works
» Apply full analysis chain to MC and compare to truth distributions
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Systematic Uncertainties

Systematic uncertainty on the number of events, N,,

Trigger efficiency < 0.1%
Vertex-reconstruction efficiency < 0.1%
Track-reconstruction efficiency 1.1%
Different MC tunes 0.4%
Total uncertainty on N, 1.2%
Systematic uncertainty on (1/N,,)-(dNy/dn) at n =0
Track-reconstruction efficiency 4.0%
Trigger and vertex efficiency < 0.1%
Secondary fraction 0.1%
Total uncertainty on /N, —1.2%
Total uncertainty on (1/N,,)-(dN.,/dn) at n =0 2.8%
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Charged Particle Density vs. n and p.
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e Transverse momentum agrees well
only below p. < 0.7 GeV
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Charged Particle Multiplicity and Average p.
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» Too many tracks for n_, =1 « Increase of <p_> with n,
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Comparison to UA1 and CMS
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Application: Luminosity Measurement

« Use measured event yield N and MC cross section predictions to calculate luminosity
Ne“'

2y
/ Ldt = Ne —
Oyis  ENDOND + €spOSp + EppODD

» Compare to other methods (LAr timing) and especially other experiments (ALICE, CMS)
* Repeat analysis in restricted, common phase space (n<0.8) to derive correction factor
for N_.

» Measure event rate as function of UTC time
 Calculate instantaneous luminosity using PHOJET xsection and acceptance predictions

N - - = 0.35F S N R =
T g LHC Fill 911 E o = LHC Fill 911 .
e 7;_ 12 Dec 2009 E % 03 ¢ 12 Dec 2009 -
o - 3 = - ® ]
T = —Corrected 3 N - . ]
§ 6 = = 0'25: [JTrack Counting ]
L - 3 Iz - - e .
5E- = Foo2F t LAr Timing =

4 — . .

- - 0.15 ]

3 d — - ]

- " - 0.1 e —

23 E C o * %

1= = 0.05(~ * o

0: """"""" — hl.:l.l...l...l...l...l. L1
T8:00:00 17:00:00 19:00:00 O ™50""20 80 80 100 120 140 160 180

UTC time LBN

ATL-COM-LUMI-2010-012
(circulating since yesterday)
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» This was the first ATLAS paper
* Now do it again with 7 TeV data

 Fast analysis of 7 TeV data for DIS'10 Conference

Ngyens / LUMI Block

« Just use first usable run: 152166 <+ Status prese.nte_d here.

« 369673 events, 3769168 tracks after selection COM Notes in circulation

« Already more statistics than 900 GeV data Not public results yet!

e Change the procedure as little as possible ATL-COM-PHYS-2010-188/189

Run new tracking scheme but use old cuts

= — = No cuts c [T T [ No cuts
8000 [ Pass L1_MBTS_1 5 10 ] Pass L1_MBTS_1

= [ Pass Vertex 2 [] Pass Vertex
7000 [ Pass Pile-up Veto s 10 [ Pass Pile-up Veto
6000 [ Pass = good track = [ Pass = good track
50001 = 10°
4000E- =

- ] 102
3000 =
2000 ;— _; 10
1000 =

- = 1

0 200 220 240 260 280 300 320 -50 -40 -30 -20 -10 0 10 20 30 40 50
Lumi Block ApBTS time [NS]
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King at 7

~
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Pixel Hits, SCT Hits and Impact Parameters just as described as in 900 GeV data
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B
Vertexing at 7 TeV

g 1:7Iill|l \II|EIII I| II.II‘ IIII|I.I II|.I\\\ |I _1St Vertex
. . ; ] . © EiR vents with > 2 vertices: data

* Pile-up possible at high beam intensity 5 i Pile-up — ond vertex
« (Almost) not the case in the present = I

—_—
<

data sample
 Studied in detail nevertheless
» Strategy: Remove real pile-up events
» Define anti-pile-up cut:

Second vertex may not have more than 3 track 10°
 Estimate 10* pileup events remaining in data
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omparison 900 GeV and 7 TeV Data

3\\\\ll\\\‘\l\\‘\\I\‘\\\I‘\\\\‘I\\\‘\\I\‘\\\Il\\\\ '_'10\\\\‘\\\\‘I\\\‘\I\\‘\\\I‘\\\\‘\\\\‘I\\\‘\\I\‘\\\\;
p.>500 MeV, [n|<25,n_>1 p,>500 MeV, |n|<25n =1

PUPPy

...‘..“00.“....' > oo,

>
..

* Data\'s=7 TeV
B Data\/s = 900 GeV

P

» Higher particle multiplicity

I‘\\\\‘\.\\‘\\\\

2 : and densities in all
s E distributions
L 7] —
C */ Data\'s =7 TeV ] — E
05~  ®E Data\/s = 900 GeV ] . ,
:\\\ll\\\‘\l\\‘\\I\‘\\\I‘\\\\‘I\\\‘\\I\‘\\\Il\\\\: \\\I‘\\\\‘\\\\‘I\\\‘\\I\‘\\\é
252151050 05 1 15 2 2.5 057075 20 35 30 35 40 45 50
n p, [GeV]
(a) (b)
tﬁ 12 T ‘ T ‘ T ‘ T T ‘ T E ; 1_5:\\\\‘\\\\‘I\\\‘\I\\‘\\\I‘\\\\‘H\\‘IH\‘\\I\‘\\\\:
S p >500MeV,[q|<25n =1 | B 4 Pr>S00MeVInj<25n =1
=: “ DataNs=7TeV .| > * Data\'s = 7 TeV :
: r _ a S 1.3 _ 7
2 "= Data\'s = 900 GeV = - mE Data\s = 900 GeV .
- = — ] 120 -
3L —— 4 - e
107 E r 7
; = — ; ;
10°¢ E 0.9- =
100 5 08, E
E‘ | ‘ , | | ‘ | , | , ‘ | , ‘E \\\\\\\\I\\\\I\\\\\I\\\\\\\\I\\\\\I\\\\\E
0 20 40 60 80 100 0 10 20 30 40 50 60 70 80 90 100
nch nch

U Wiirzburg Gruppenseminar G. Brandt - Charged Particle Multiplicities 25



1/Nq, -dN_ / drp

Ratio

U Wiirzburg Gruppenseminar

3\III‘I\\I‘\||||||||‘||\||\|||||||||\|\\||\||II\\
i pT>5OO MeV, |n|<25,n,21 |
- == Data\'s=7 TeV .
1.5~ — PYTHIA ATLAS MCO09 —
~ == PYTHIA ATLAS MC09c 7
I PYTHIA DW )
T PYTHIA Perugia0 7
1__ ----- PHOJET B
R e e
1.2F == Data Uncertainties =
1 1; """ MC / Data é
1= :
0.9¢ E
0.8 et f
0_7:_‘...\.".\‘.-...|...-I.\..‘.l‘...|....|‘.H|.‘..|.
25 -2 -15 -1-050 05 1 15 2

= !\):||||:'l||

1/Ne, 1/(21p_) d*N/dndp_[ GeV?]

Ratio

First look at 7 TeV Data

10 I LI | I I I I 1 1 L | I I
1P pT>500MeV,|n|<2.5,nch21
10'E
102
10°F
10 .
10°E >
10—6%_ '.;;..,'
-F == Data\s=7 TeV 3
10°E  — PYTHIA ATLAS MCO09 %
108k == PYTHIA ATLAS MCO9c -
E e PYTHIA DW
10°F o PYTHIA Perugia0 =
qof e PHOJET E
1023"':I ! ] =
- == Data Uncertainties 3
1.5 MC / Data -
1E ]
0.5 o]
p. [GeV]
26

G. Brandt - Charged Particle Multiplicities



S
First Look At 7 TeV Data

c = L L O B I = — 1_6|\|||||||\|||||||\||\||||\|||||\|\-1||||\
o = | \ | | | | | = | | | | | | | :
5 F p,>500 MeV, || <2.5,n,,> 1 - % i p >500MeV, [7]<25,n,21; .7
3 -1 [& | s "“_.
A - T 14
° - . Mt
3 102 e
= - e
10_3 ;_ _; 12— """,-" ‘ «‘ .........
107 = =
- —— - —
10°L- === Data\'s = 7 TeV X — - == Data\Ns =7 TeV
= — PYTHIA ATLAS MC09 "X 3 4 = PYTHIA ATLAS MC09 1
- - PYTHIA ATLAS MCO09c R 0.8 -»= PYTHIA ATLAS MC09¢c ~ —
10®= == PYTHIA DW RO I A PYTHIADW .
Eg— PYTHIA Perugia0 & S e PYTHIA Perugia0 7
N . - e PHOJET 2
jo7 T PROJET S 0.6 —
gm!!m!!ml!!!!!m!!HHIHHI!H!.H-:!.m[ :!1!!|!!!!|!!!!‘!!!!!!!!!1!!!!!!!!!J‘..!.L.!.Ll!!!!‘!!!!_
o 5 ) 0 :
IS - D . v i © ]
oC - B e N - ]
0.5 == Data Utcertainti&&™ " 1..... ] - 0.9F . -
- MC /D N . - p— ] s == Data Uncertainties -
A ata o ™ MC / Data E
0™"40720 30 40 50 60 70 80 90 710 20 30 40 50 60 70 80 90
nch nch

U Wiirzburg Gruppenseminar G. Brandt - Charged Particle Multiplicities 27



O
Energy Dependence of dN/dn at n=0
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Fig. 1: Central charged particle density for non-single diffractive inelastic p-p collisions.

* Difficult to compare different experiments due to different phase space definitions
(p,>0 /> 500 MeV cut, NSD / inelastic, ...)

» Only feature ATLAS on plot
» Surprisingly well agreement with MC predictions
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Application: MC Tuning

e ATLAS has its own MC tuning group — extremely fast response to new data
* Tune to results already in progress — problems with diffraction — removal preferred

Yes we can...

M. Warsinsk
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» This is just to show that there are model parameters that can
only be deduced from the non-diffractive part
» |s not a tune yet, but we can use this only if we can sure that

there is no diffraction left!
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Outlook: 7 TeV Analysis for Paper
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* Use new tracking scheme i e §
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Need data below p.>500 MeV to

Eventually allow good fit down to
p,= 0 GeV
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T
Conclusion

 First Physics Results from ATLAS using p-p collisions at LHC
Charged Particle Production in Inelastic Events

» Excellent Description of Inner Detector by Monte Carlo Simulation.
 Tracks corrected to particles with minimal model dependence.

» Charged Particle Multiplicity per Event and Unit of Pseudorapidity
5%-15% higher than Monte Carlo models.

 Application of Results
 MC Tuning group works on improved tune.
 Work to cross-calibrate lumi across experiments and constrain
models further in progress.
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