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Introduction R[AR

« Vertex location is key for the determination of
many physics variables in all collisions  a A

« Challenge: high luminosity + long detector
readout time records multiple vertices/event

« In 2008 STAR used 2 approaches to find

the triggered vertex

— Pile-Up Proof Vertexer (PPV) in pp dAu
— “Minuit based” Vertexer (MinuitVF) in dAu and AuAu

Cartoon of Triggerebl Vertex
ile-up = NI p%1e ‘;-,' 2
pile-up <4 M, F(’ 7 V
vertices in the |[— },:;_?3 A oD
STAR detector
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STAR TPC and EMC ST

 Barrel Electromagnetic BEMC TPC Central Membrane
Calorimeter (BEMC)

— Acceptance: n|<1,0<0<2n
— Fast Detector ~us to
clear detector

« Time Projection
Chamber (TPC)

— Acceptance: In| < 1.8,
O<d<2m
— Slow Detector ~ 80 us

. EMC End Cap (EEMC)

— Acceptance: 1.1<n| < 2, “: ,

0<¢<2m HIEEEEEEEEIE

Rosi Reed CHEP 2009 4



Collision Rates and Multiplicity s
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« Collision Rate is ~200-300 kHz .
« ~20 collisions inthe TPC .
« # Tracks in Unit Rapidity ~11-13 .

Collision Rate is ~400-500 kHz

~36 collisions in the TPC

# Tracks in Unit Rapidity ~3-4
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Pile-Up in STAR TPC Pl
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PPV Method RTAR

* From each event “Good” tracks are selected

— Within 3 cm of the beamline
— Minimum Track pT = 0.20 GeV/c Helix

— Min TPC Fit fraction = 0.7 extrapolation
« Removes Pile-Up Tracks H&/\

Beam Line is a linear TPC
P trackin 77
Qquatlon In x.y,z ba‘_c"ed ona 9 #7 Material Contributes
first pass unconstrained .~/ to Covariant matrix
vertexing fit Al .
RLTT AL Beam plpe

Covariant matrix { ................... R.. /Track at DCA to beam

used to estimated S XY

errors at DCA O 5am Z oo Beam line (2)
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PPV Method

« Selected tracks are given weights

— W =wTPC*WEEMC*WBEMC

Detector —\ /
element is a /

rectangle in
¢ x 1 space

W/ \,\ Masked
Xe ~ . element

i\ﬁ Track crosses (p X N

surface of detector at

O | ADC >1/2 MIP

 —
ADC >1/2 MIP

one point

\

Tracks 5+6 Dunno
Track 4 Vetoed
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PPV Method
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STAR
LAY

* For each location in Z the Likelihood L;(z) of all
tracks which extrapolate to [Az|<1.5 cm is calculated

Vertices require at least 1 track pointing to

— “Probability” that the
vertex is located at Z

— Cumulative Likelihood
is the product of L(z)"!

— Wi is the track weight

* Choose Vertex Z
location at L,
 Associate Tracks

within 3 cm

a fast detector
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MinuitVF Method ST

« Vertex candidates are selected using 5 “Good” tracks

— point within 6 cm in z -2 dAU 2008 |M160

— within 2 cm of the beamline A R

» 3D position determined by the _ i 1

MINUIT minimization Routine o =

— Minimizes the mean distance of s 2 160

closest approach (DCA). /"’"«’:‘" s

. Vertex Rank is determined by A | ....... o 20
— The <dip angle> of tracks vs z 100 ° 190

— # of tracks which are matched to the BEMC
— # of tracks which cross the TPC central membrane

ZDC-only
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PPV vs MinuitVF T

PPV MinuitVF
Optimized for pp Optimized for AuAu
1D fit using beam-line 3D fit
Requires one track pointing Gives greater weight to
to a fast detector vertices with tracks that point
to a fast detector
Rank determined by Rank determined by <dip
likelihood angle>, # of matched tracks
Probability of vertex location MINUIT used to minimize
found by truncated log- distance of closest approach
likelihood of all tracks
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Hardware Vertex Cross-Check 7',.,-%?’*”
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* VPD (Vertex Position Detector) e

— ~5 cm z vertex resolution with Time Of Flight electronics
— ~25% vertex finding efficiency with pp
— Z position determined by time difference between west+east

« BBC (Beam Beam Counter)
— vertex resolution ~20cm at pp (~75% vertex efficiency)
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Evaluation Statistics PPV

EETAH

PPV performance is consistent from 2006 to 2008

Good agreement between hardware and software

2006 2008 — Increased Luminosity

- o Wi . % Wi v h | % match
Triggers % with T N /o With o match | %

2006 Vertex rigger Tame vertex VPD BBC
erobias 3 0% zerobias 12.2% 80.0% 93.3%
minbias 48 0% bbe 56.3% 78.4% 87.4%
high tower | 95.8% high tower 96.2% 69.2% 89.4%

Peak luminosity increased by factor of ~4 but vertex

finding efficiency is similar

Zerobias increase is proportional to pile-up rate

PPV-VPD match = Avz = 20 cm PPV-BBC maich = Avz = 60 cm
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MinuitVF vs PPV Comparison in pp 38
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Note: MinuitVF was optimized for AA. What about dAu?  Ruere
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MinuitVF vs PPV Comparison in dAu 38

Vz PPV

200 3
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MinuitVF optimized for AuAu - # Tracks in Unit Rapidity ~ 70 (minbias)
dAu - # Tracks in Unit Rapidity ~11-13
PPV optimized for pp - # Tracks in Unit Rapidity ~3-4
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. |
Conclusion STAR

Physics analyses require accurate knowledge of the
vertex location that has fired the relevant trigger

PPV achieves vertex reconstruction efficiencies for
pp in 2008 similar to 2006

— Vertex finders handle increased pile-up in 2008

— Expected to handle RHIC [l luminosity (~x4 from now)

Both vertex finding algorithms work efficiently for the
appropriate ion species

— Correlation between software + hardware indicates we’re
finding the right vertex

MinuitVF or PPV can be used for dAu

Rosi Reed

CHEP 2009 16



|-
STAR
LAY

Back-Up Slides

Rosi Reed CHEP 2009 17



Z-Vertex Based on Likelihood ﬁ;m

Likelihood L;(z) of vertex beingat z if Z,g, of i-th track’is™ z; o
Limits minimal
- const, separation of vertices

L (z)=exp ~(z=2)]
| 207

Truncated cumulative likelihood L€(z) , tracks contribute only for z-zj| <c, c=1.5cm

tracks
()Lc(z) = H(Lf(z)) W where ~ W. =track weight from matching

. L (z) for lz—z K¢
L(z)= :
L.(z, +c) =const otherwise
TLn LS(2) Zyiax Z(cm)
Solution: Z & cZ of the vertex: Lyax '
max{L (2)} —  Zyax %I / Ke (ZMAX)
c 2

In[L max | — K /2:K°O-(ZMAX) \

R B~ R

() — C —
@of Reed K=4 — AL =8 GHEP 2009 15-0 15 s



PPV Finder Method <

« Truncated Cumulative Likelihood histogram
created
— Likelihood of a vertex at z given a track with a Zy, of
z; is Li(z) o exp(-(z-z))?/26)
— L%(z) = IT (Li°(2))"
 Tracks only contribute when |z-z| < 3 cm

* Choose Vertex z location at L.,
— Associate tracks if |V, —z| <3 + G,

— Keep vertices with at least 2 tracks that have matched
in the fast detectors

* Repeat above step until all tracks have been
associated
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