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ALICE’s trigger for MB physics
Event classes

0 bin and background
Diffractive treatment

Some MB results

Plans

This talk uses

Pythia 6.4.14 with tune D6T
Phojet 1.12 with Pythia 6.2.14
unless otherwise indicated
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: ALICE — Trigger and Acceptance

 MB Triggers

— SPD Detector Acceptance

SPD layer 1  PMD

|Tl| < 20 (1 4) _ Sanerz ...................... ......................
— VO

2.8 <n<d.1
1.7<n<-3.7 . T

 MB Tracking

_sPD 2 NIRRT
|T]| <14 N ;
pr > 50 MeV/c

- TPC

In| < 0.9
pr > 150 MeV/c
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(%\» Trigger for MB Physics

ALICE measures MB
properties for all inelastic
(INEL) and non single-
diffractive (NSD) events
— "MB1" trigger for INEL:

central pixel hit (SPD) or
forward scintillator (VO)

* One particle in 8 n units

- (Trigger-)sensitive to 96-
98%
of the inelastic x-section

— "VOAND" trigger for NSD:
both forward scintillators
Possible ND trigger
VOAND + several hits
centrally
— 90% ND and 20% SD/DD

900 GeV ND |[SD (DD
Pythia |MB1 100 |77 |92
VOAND |98 29 (49
Phojet | MB1 100 |86 |98
VOAND (98 34 |66
% 1.0f— i ——— — 00— —.g=f
0.85— o +—ﬂ—+$ﬁf
oo -
0_4:— B o VOAND NSD —:
- O VOAND SD :
0.2 —
:_D_ & MB1 INEL i

Generated multiplicity in n| < 1.0
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900 GeV: LHC10a8, LHC10a12 (104867-92)
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! “O bin” Treatment

 Significant amount of triggered events have no
reconstructed vertex, no track in acceptance

» Use the number of triggered events as input for
the normalization (“0 bin = measured 0%)
» Correct with trigger efficiency for this bin
— MC dependence
« Assess background from control triggers

— Single bunch passing, no bunch passing
— Background with activity very small
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%» Background @ 900 GeV

Mean -0.5107
RMS 1.023
Underflow 0
Qverflow 0

18

« Relative to accepted events in

bunch crossing trigger S
— About 2.1% each in single bunch 2
triggers T | | M
— About 1.2% in “empty” trigger (= noise) :: H HH
— 0.02% have a vertex and tracks AR
— The remaining go into the 0 bin, which |
can be subtracted with the control = only |z| <15 shotiia. J
triggers 25" puten 0
— Bunch intensities taken into account 20"

« Background with activity is negligible =

0.5

ALICE run 104967,90,92  ogeeseocll LLHILL e

L1l | |
'940 30 20 <10 0 10 20 30

z-vtx (cm)
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(%\ Diffractive Treatment

®

« Use MC generator for

corrections per process type
(SD, DD, ND)

« Combine using measured
weights

* Replay measurement
conditions
— M?2/s < 0.05 for UA5 measurement

— Weight SD such that replayed
fraction matches measurement

— Experiments have corrected for
non-SD contribution in their
measurements

Single Diffraction

SD, 900 GeV | Pythia | Phojet
MC fraction 22.3% |19.1%
Replay 18.9% | 15.2%
Measurement | (15.3 £2.3)%

*UA5: Z. Phys. C33, 175, (1986)
derived from ratio of SD/NSD
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(%\ Diffractive Treatment
: Double Diffraction

« Does DD matter? DD, 900 GeV | Pythia | Phojet
— Yes, unless your trigger is 100% | mc 12.3% | 6.4%
efficient for DD Measurement (8 5)%
« UAS
— UsescentralgapofIn| <1..3 DD, 1.8 TeV Pythia | Phojet
— UAS5 somehow corrects for their MC 12.6% |5.8%
efficiency to find certain gap Replay An®>3 |6.6% |2.2%
SI1Z€S Measurement (7.5 £ 2.2)%

— Hadron-level definition for DD not
evident from the paper
. CDF UA5: Z. Phys. C33, 175, (1986)

_ Measures with a gap of 3 n-units 0T PRL87, 14

(including n = 0)
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Diffractive

= Treatment - DD (2)

CDF scales their and

UAS result to floating gap

of 3 n-units (“An > 37)

Consistent
measurements

Replay works for Pythia,

but not for Phojet

Treatment of DD remains

ambiguous

3 « CDF
2

A 107 F = UAS (adjusted)

5 - Regge

:@ | — Renarmalized gap

=

£ 4

[

c10 F //

'

y A

/ CDF: PRL87, 14

10 n? I,”1lﬂt‘qL
V5 (GeY)

Pythia | Phojet

900 MC 12.3% | 6.4%

GeV | Replay An>3 | 10.6% | 3.6%
UAS5 scaled (9.5 6)%

1.8 MC 12.6% | 5.8%

TeV | Replay An>3 | 10.3% | 3.5%

CDF scaled (10.7 * 3.1)%
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. Diffractive Treatment at Larger Vs

e 2.36 TeV

— Measurements at 1.8 TeV
« For SD: E710, Phys. Lett. B301, 313 (1993)
— Other cut on SD: 2 < M2 < 0.05s
« For DD: CDF: PRL87, 14

— Ratios SD/INEL, DD/INEL fairly constant as function
of Vs

* No extrapolation needed from 1.8 TeV and 2.36 TeV
o 7 TeV?
— Topic for discussion at this workshop
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% Towards a Hadron-Level
E Definition for SD

» ALICE plans to use a hadron-level definition for
SD (for the correction to NSD)
— Study difference between MC flags and hadron-level
definition
» Use the UAS definition
— M2/s < 0.05

* First observations

— The SD bin gets other contributions
« Small contribution from DD, ND
» Central diffraction flows to 90% into SD (Phojet)
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3 Systematic Uncertainties

« Use uncertainty on measurement to estimate
systematic uncertainty due to unknown relative
fraction
— E.g. for SD at 900 GeV*: (15.3 £ 2.3)%

— Large errors on DD, dominate

» For ALICE

— Effect on INEL sample, MB1 triggered data < 1%
— Effect on NSD sample, VOAND triggered data 2-3%

« Use Pythia / Phojet to assess different
Kinematics
*Z. Phys. C33, 175, (1986)
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! Other Remarks

« Normalization to 1 track « Charged primary hadrons vs.
— Normalization to one charged primary particles
measured track trivial — ALICE: charged primary
— However, to compare with particles, excluding weak
other experiments decays from strange particles
- Correct for tracking — CMS: charged primary
inefficiency, dead areas etc. hadrons
* Some MC dependence — Charged leptons about 1.5%

comes in due to the
multiplicity distribution
— Alternative

« Correct to events triggered in
the same phase space region
— Possible for ALICE SPD
trigger because it is part

of the online trigger

— Other experiments?

of charged primaries at 900
GeV, |n| < 1 (Pythia)
* Includes ete- from =° etc.
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About 0.5% Sigma, Xi among primaries


Results...
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» dN.,/dn @ 900 GeV

g 5_ I I I I I I I I I I I I I i
= - _
< B _
4_ —
4 4 't A + i +* .
LA A ﬁh# +A—+L Al 4 Al a % AN .
3 = ‘ﬁqjj A ]
2 -
- Vs = 900 GeV -
1— m ALICEppNSD s UA5ppNSD —
- 0O ALICEppINEL 2~ UA5ppINEL -
- | | | | | | | | | | | | | | | | B
% 1 0 1 2
n
European Physical Journal C: Volume 65, Issue 1 (2010), Page 111

Early Minimum-Bias Physics in ALICE - Jan Fiete Grosse-Oetringhaus



5 T T T | | | T T
'%l Qi—o :lALICE prelim|inary i
> [ i
. d N h/dn C 4k o -
C Tt mrﬁ ﬁfﬁ*‘hu_
A am*@ @#ﬂ"&l 'l#‘*u‘ﬁ @*Dﬂ s A
+ 900 GeV 3 Pomf §mo® =
« High-statistics A E
measurement (90k - \s = 0.9 TeV :
: m ALICEppNSD © ALICE pp INEL .
events) 1- A  UA5pPNSD &  UA5pp INEL —
 Different triggers - * CMSppNSD .
forNSDand INEL ol vt vt
ALICE, CMS: stat. and syst. N
uncertainty added in squares
INEL NSD
ALICE preliminary 3.02 £ 0.01 £0.07 3.58 £ 0.01 = 0.11
ALICE published 3.10 £ 0.13 £ 0.22 3.51£0.15+£0.25
UA5 Z. Phys. C33 1 (1986) | 3.09 * 0.05 * ? 3.43+x0.05+?
CMS JHEP 02 (2010) 041 3.48 £0.02 £ 0.13
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CMS vs ALICE: leptons not included in CMS


3 Comparison to MC

;‘ 5_| I I I I | I I I I I I I Pythia Atlas CSC
<. [ ALICE preliminary and Phojet match best
z T ]

R ——N— ]

oL -

— NSD \s=0.9TeV INEL —

~ | ALICE pp ] ALICE pp 7

I D6T (109) S— D6T (109) ]

| Atlas CSC (306) ——  Atlas CSC (306) _

i A Perugia-0 (320) — Perugia-0 (320) —

I A Phojet e Phojet ]

_l | | | | | | | | | | | | | |_
. -2 -1 0 1 2

n

D6T/Atlas: Pythia 6.4.14 - Perugia-0: Pythia 6.4.21 - Phojet 1.12 with Pythia 6.2.14
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_| T T T T | T T I I
— ALICE preliminary

%» dN../dn

e 2.36 TeV 4
« 41k events

dN,/dn

W
IIII|IIII|IIII|IIII|IIII|II

« Same trigger for V5 2.35 Tov
2
INEL/NSD m ALICEppNSD O ALICE pp INEL
* 0 bin correction 1 . CMS pp NSD
from MC
— Larger syst. 0z R R
uncertainty ALICE, CMS: stat. and syst. !
uncertainty added in squares
INEL NSD
ALICE preliminary 3.77 £0.01 £0.23 4.44 £ 0.01 £0.16
CMS JHEP 02 (2010) 041 4.47 £ 0.04 £ 0.16
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3 Comparison to MC

-Pythia Atlas CSC for NSD

- b N _*Phojet for INEL

1:% " ALICE preliminary ‘Within uncertainties

Z both forlNEL/NSD
SO, ot e

.. - -
- - -
- T L
-~ - —_—

-
-

BI}V” =

B NSD \s = 2.36 TeV INEL _
ol ] ALICE pp NSD O ALICE pp INEL I
— | e D6T (109) —_— D6T (109) .
I - Aflas CSC (306) ——  Atlas CSC (306) _
| Perugia-0 (3200 ——  Perugia-0 (320) ]
R RTINS Phojet —_— Phojet |
_| | | | | | | | | | | | | | | | | ]
0 -2 -1 0 1 2

=

D6T/Atlas: Pythia 6.4.14 - Perugia-0: Pythia 6.4.21 - Phojet 1.12 with Pythia 6.2.14
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: Increase from 0.9 t0 2.36 TeV

* dNgy/dn in nf < 0.5 micrapidity a5 in MC ganerators
in % INEL NSD

ALICE preliminary* 2480576 (24.0+x0.5*45

CMS JHEP 02 (2010) 041 28.41+14+£26

Pythia D6T (109) 19.7 18.7

Pythia ATLAS CSC (306) |19.2 18.3

Pythia Perugia-0 (320) 19.6 18.5

Phojet 17.5 14.5

Stat. uncertainty on MC values < 0.1%

* systematic uncertainty overestimated (correlations not taken into account, yet)
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f%\ Multiplicity 2 — e
® D . . b . g’ ot B —— D6T (109)
LL] = —— Atlas CSC (306
I St rl u t I O n S ; —— Perugia-0 ((320))
10° =
. 900 GeV
« Work in progress e
- RAW spectra ‘°§‘£“0| : cg’f,
- e
 MCs propagated through o NN N
detector response Measured multiplicit
2 - —— ALICE raw
qC) 104 2 —— D6T (109)
> ¢ —— Atlas CSC (306)
- —— Perugia-0 (320)
10° = — Phojet
Phojet remarkably wz;_
close to data -
“F ml<1.0
,. 900 GeV
:|:F| - |5‘I - I1|(]I - |1|5‘ - I2|(lI - ‘2|5| - I3(]I I I_ IZ*}‘ESI__I_ I__I4{(]I -

Measured multiplicity
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10° ==,

— ALICE raw

—— D6T (109)

—— Atlas CSC (306)
— Perugia-0 (320)
—— Phojet

(%\ Multiplicity
= Distributions

« 2.36 TeV -
« Work in progress
« RAW spectra

 MCs propagated through L NN
detector response Measured multiplicity

Events

10

In| < 0.5
2.36 TeV

°_|_|II| I IIIIIH| I I\IIHI‘ I \IIIIII| 1T

— ALICE raw

—— D6T (109)

—— Atlas CSC (306)
— Perugia-0 (320)
—— Phojet

10°

Events

Tail grows faster
than expected

102

10

In| < 1.0
2.36 TeV

5 10 15 20 25 30 35 40

Measured multiplicit

O—HII| T IIIIIH| T \IIIII| T I\IHI|
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' S 10 -
r 1 h r n In % : NSD, h"+h, pp, 900 GeV
%Q Ot € O go g gz 1- ALICE — work ?
Analysis Effort £ |\ inprogress

 Charged particle pseudorapidity %gm.gz_ ]
density + multiplicity distribution | . E

(0.9 + 2.36 TeV) 107 .

° : -4;_ AL Sna _;I
Charged particle pr T e distribution”
+ |dentified particles pr (T, K, p)

- Strangeness production g e PO

0 p ?g 1= -

(K ’ /\’ -’ CD) = [ e ALCE, p+p \5 =900 Gev ]

- Baryon-antibaryon asymmetry £ oo Wworkin progress + ;

« Bose-Einstein correlations o8- PR + E

« 119 spectra 'Y 3

- Event structure s ® <p>in 0.3 0 4 GeV/c -

« Azimuthal correlations s <py > vs. multiplicity E

o n'(p Correlations 07‘ - ‘fli‘ - ‘1|0‘ - ‘1|5‘ - ‘2|0‘ - ‘2‘5‘ - ‘3|0‘ - ‘3‘5‘ | N4|0
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i Summary

e Data from LHC at 0.9 and 2.36 TeV leads to a
rich set of analyses and MB results

 First MB results presented

— Treatment of diffraction is time-consuming and partly
ambiguous

— We can challenge the MCs already at 2.36 TeV

— Other comparison plots for this WG to be produced
when analyses are in final stage

Credits for help with
preparing this talk:
Sparsh Navin, Martin
Poghosyan, Andreas
Morsch, Michele Floris
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! Backup
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€ A Large lon Collider Experiment

EMCAL
|
TRD 5

, 9, jets
| Electron ID (TR) [

full full
TONO ) LS Magnet] i coRpE

Cosmic trigger

= Trigger

HMPID full
~— PID (RICH) @ high Pr|

PMD

Yy multlpI|C|ty
TE=

Tracking, :
PID (dE/dXx) TS

% @‘ Low p+ tracking H pairs
0 PID + Vertexin o
@PHOS_ F” Charged o = J 11 1o
Y, T, jets multiplicity |

Not shown: ZDC (at £116m)
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(%@ Silicon Pixel
= Detector (SPD)

SPD

SDD

87.2 cm

« Two innermost layers of the
Inner Tracking System (ITS)

 Radii of 3.9/7.6 cm
(In| < 2.0/1.4)

SSD

« 9.8 M channels
« MB trigger (Fast OR) + High- PN B N SN
multiplicity trigger >Z::§ Fii i
« Tracklet: 2 points + vertex e o om
. o A O K*
» Very efficient down to p; ~ 30 S o4 O LpB
MeV/c e SPD efficiency
 Nominal efficiency 99% N ﬁ"ﬁc'-(r'ﬁtf)t- N
— but ~ 12 % need hardware fixes o, oy Smation
0.00 0.2 0.4 0.6 0.8 1.0 1.2 1.4
prin GeV/c "
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LHC09b9_0.9TeV_0T


(%_‘@ Time Projection
= Chamber (TPC)
« Largest TPC in the world
(90 m3)
« 0.85mM<r<25m
* In| <0.9 (1.5)

« 560 K channels, up to 160
clusters per track

« Tracking & PID

« Laser system for
calibration and alignment

Efficiency

o
w

o
F-Y

=
]

=
-

=
o

o . . :
=1 T Yt iy
TTTTTTTTTTTITTTITTTITT ! B

o
L4
T T

f_ ___________ |:1 __________________ T R ﬁrp,p ______ n

_ i_ .................. .................. - full simulation -

:_m _______________ L ...... g

= ':z} ............... gl _______________ ...... sKE |- ________

Oé o

é_ ...... J:|£'\L ..................... TPC effICIency .....
;_ .................. .................. (traCkS) .....

0O

%P‘\ILFINAQIII'I'I'I'III'I

02 04 06 08 1.2 14
ptin GeV/c P, [GeVic]
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570k channels correspond to about 570M pixels
plot from old production, but same performance as in LHC09b8_0.9TeV_0.5T, but with better statistics


» dN,,/dn Measurement

dN_,  Tracks
dn  Events

« Basically If the detector was perfect

* But... there is Primary Particles =
— Detector acceptance, tracking efficiency charged particles
— Decay, energy |OSS, Stopping produced in the collision

— Vertex reconstruction efficiency/bias, ::ght,:ﬁ:\r d‘z‘;\"( 52‘::2“?5
trigger efficiency/bias g y

from strange particles
— Low momentum cut-off

 Three corrections needed

— Track-to-particle correction all events
* py cut-off (only TPC)

— Vertex reconstruction correction
— Trigger bias correction

Early Minimum-Bias Physics in ALICE - Jan Fiete Grosse-Oetringhaus



O

Secondary
particles

23% (171%)

Primary
particles

SPD.(TPC)
3% (18%)

Decay
and
material

Acceptance
and tracking
inefficiency

15% (138%)

20%, (9%)

Acceptance
and tracking
inefficiency

3 Correction on Track Level

- Reconstructed tracks

Cuts

1% (25%)

1% (3%)

Cuts

Track-to-particle
correction

17% (5%)

Corrected
primary
particles

— (17%)

p; cut-off
correction

Values for SPD (TPC)
Percentages relative to initial
number of primary particles
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. Corrections

« Track-to-particle correction
— Acceptance of the SPD clearly
visible
— Average factor ~ 1.3 (central
region)
— Function of n, z-position of event 12—
vertex (vix-z) A ................... ....................
« Trigger-bias correction —

— Corrects towards
* |nelastic events
« NSD events

— Event and track level
— Function of multiplicity, vtx-z 0 5 10 15 20 25

o -
- -

'|.' SLILI SR
!

o]
!..!?ﬁ!..!..!.
!

s

.. Event level

o
lqII

correction factor
.I

o
o
o
<
Q
-
Q.
7))
<
70
O

= -
3]
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$ Multiplicity Measurement

Events with multiplicity N

P(N.,)=
(New) All events
 Efficiency, acceptance

— Resolution vs. bin size = bin flow

— Correction by unfolding
» Detector response M = RT

— Probability that a collision with the true
multiplicity tis measured as an event

-
N
o

Iw4

C s =10°

=
(=
(=)

=]
o

N
o
T [ r 11T [ 1 1 7 1 1 1T 7 T 17T

= 102

measured multiplicity
[=2]
o

. . e 40 i
with the multiplicity m 10
« Vertex reconstruction, trigger bias _
correction % 20 40 60 80 100 120

— Like for dN_,/dn, but in unfolded true multiplicity
variables (true multiplicity) because it is
applied after unfolding
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! Challenges with Unfolding

« Example with a simple quadratic response matrix R
« True distribution (Gaussian is assumed) converted to

measured distribution using R
* 10,000 measurements generated

* Ris inverted and used to infer the 'true' distribution

—> large statistical fluctuations

(0.75 025 0 ---) 25 "measured”
0.25 0.50 0.25 2000;

0 025050 | "™ ™
\ - 500 FA \
- S Nt

T=R'M

10

107

E 10 =nflm
-E10 =

. True distribution 4
i Unfolded distribution
ool B = i 1 e i
TII‘\ . I-\- i\-l-l- ‘I-i-l- -\-\ | \” I- ‘I-I. ----- |

i nuiN flilin T il i L1
10 20 30 40 50 60 70 80
True multiplicity in | < 1.0
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eigenvalues V. Blobel, Yellow report, 1984
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M, -> R,U,

x(U)Z(

* One free parameters per bin for
unfolded spectrum U,

* Regularization
— Prefer constant
— Least curvature

— Reduced cross-entropy (MRX)
(optional: a-priori distribution &)
(Nucl.Instrum.Meth.
A340:400-412,1994)

1’1’1

:  Unfolding using y2-Minimization

o

Regularizations

RU)=) (a)’
u _U-U,

u U_+2U0 -U,

AN )

R(U = Uy U)= Zt U, In

A

Ut

t
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: Unfolding using Bayesian Method

Bayesian method (based on Bayes’ theorem)
(e.g. Nucl.Instrum.Meth.A362:487-498,1995)
D Rtht

R, = Z R P R, Response matrix
pomtT e R, Smearing matrix
~ P . . " .
Ut — Z Rthm «  Prior distribution (guess)
m M_  Measured distribution
U, =(1-0)U, + U, Unfolded distribution
o Weight parameter

%(Ut_1 +U, +U,,,) (optional)

Iterative method:

Limited number of iterations 1. Choose prior distribution P,
provides implicit regularization 2 Calculate R 5
(V. Blobel, hep-ex/0208022) ] R U U,

3. Replace P, by IAJt; go to 2.
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