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Outline

« Why we do it 7 — HLT motivations.
 How we do it 7 — HLT layout.

» What we have achieved ? — HLT performance and
achievements.

* What is the plan for the future ? — HLT upgrade plan and
new physics opportunities.
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HLT motivations — the increasing date volume at STAR
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A
L0 HLT motivations — the increasing challenge on computing

How to digest timely ?

» The improved data taking capability imposes a
challenge for STAR on:

1) computing resource in terms of CPU time and tape
storage.

2) for analyzers, struggle with large data volume and
bear with long analysis cycle.

* By implementing a HLT it will be possibly to reduce the
amount of data written to tape by selecting desired
events while still maintaining a high sampling rate to
fully utilize the high DAQ rate for a wide range of
triggers.
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HLT

STAR Subsystems

Endcap EMC

Large & uniform acceptance at mid-rapidity
Excellent particle identification
Fast data acquisition
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//u'\‘u HLT motivations — optimize the potential of subsystems

dEAx VT

TPC

STARTPC | Tur

STAR ToF
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STAR EMC

Neutral particles Strange Jets Heavy Quark
hyperons Hadrons
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i%mn HLT motivations — efficiently address interesting physics

» Heavy flavor measurement
* Electricmagnetic probe
» High pt probe

» Search for exotics

A platform for exploring interesting physics ideas.
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j%m HLT layout in 2009

E T E a
Total 24/SL3 machines

GL3 - ‘

*Sector level-3 tracking (SL3) in DAQ machines (24 in total, each for a TPC sector).
Information from subsystems (SL3 and others) are sent to Global L3 machines (GL3)
where an event is assembled and a trigger decision is made.
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i%m‘: HLT layout in 2010-2012

E — E a a
Total 24/SL3 machines
GL3 - ‘ l

*Sector level-3 tracking (SL3) in DAQ machines (24 in total, each for a TPC sector).
Information from subsystems (SL3 and others) are sent to Global L3 machines (GL3)
where an event is assembled and a trigger decision is made.
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j%m HLT layout in 2013 and beyond

000000
l l
online GL3 computer farm | ' :

P DAQ event
GL3 madidm GL3 builder

*Both tracking and trigger decision will be done by a online GL3 computer farm.
*The farm can be upgraded with Graphic Processing Unit (GPU) or Many Integrated
Cores (MIC).
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Pau

HLT Division by Tasks

Tracking
Trigger Decision Making

Calibrations

Online QA Future R& D

Aihong Tang
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ﬁﬂ Tracker
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where R, = \/(x,. —x)’+(,—y,)° ,and (Xq,Y,) is the primary vertex

Fitting lines instead of fitting curves. Final fit with Helix model in real space.
Handle primary and global track non-uniformly.

Fast tracker with acceptable accuracy, but not an ideal tracker for parallel

computing (will be replaced, see later slides).
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Tracker Performance

Tracking efficiency w.r.t. offline

Relative p; difference between
HLT and offline
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Entries 1.751272e+07

Mean x 0.06507

* WX *

B Mean y 3.516e-06
o KK » JRMS x 0.9514

RMS y 3.144e-06

dEdx in GeV/cm
N
a1

N
o

Primary Momentum

~ 70% for di-

Estimated with AuAu 39 GeV data

</Srar Trigger Efficiency

> 90% for charge -2

DiElectroninvMassTpxEmc

| DiElectroninvMassTpxEmc |

Entries 1561
45

Mean 3.698
RMS 1.927

electron

2 4 6 8 10 12
M_ (ee) GeV/c’

inv
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D Speed Performance (AuAu 200 GeV)
Peak L
(1026cm2s-2) 50 41 46 55 60 60
#TPX hits 36.7k, 35.6k, 36.2k, 37.3k, 37.9k, 37.9k,
ﬁ;@;,?f;?f’ 70.7k  69.0k 70.0k 715k 723k  72.3k

Rate that HLT
can handle 2.0kHz, 2.1 kHz, 2.0 kHz, 2.0 kHz, 1.9 kHz, 1.9 kHz,

(minbias, 1.0kHz 1.1kHz 1.0kHz 1.0kHz 1.0kHz 1.0kHz V

central)

Assuming half CPU cores of DAQ machine can be used by HLT, we expect that HLT
can handle ~1k Hz for Au+Au collisions in RHIC-II era, however we have to keep in
mind HLT is sharing CPUs with DAQ cluster finding code.
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i%“ Speed Performance (pp 200 GeV)

Peak L
(1030cm2s-2) 46 60 89 107 107 118

#TPX hits 11k 13.7k 20k 23.7k  23.7k  26.0k

(minbias)

ﬁﬁ}esgst 61 54 37 31 31 28
kHz kHz kHz kHz kHz kHz

handle
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i%ﬂ Speed Performance (pp 500 GeV)

Peak L
(1030cm2s-2) 165 269 389 482 825 1010

#TPXhits — gox 165k 252k 320k 570k 707k

(minbias)
Ratethat | g4y 450 300 230 130
HLT can

Hz Hz Hz Hz
handle

Problematic for handling pp 500 GeV collisions.
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N, STAR -
% HLT-2010
STAR >
200 GeV, 10 wks 62 GeV, 4 wks 39GeV.2wks | 7.7 GeV, 5 wks 11 GeV, 11 wks
17
e
—|HLT >
) .
) Tagger I Tagger I Tagger Tagging “HLT-good”
=
v
hwn
= Tagger
- .
| Trigger
“HLT-good”

- Jan 9. First TPX and TOF calibration ready.
- Jan 14" HLT is up and running.
- Jan 15", L2 crashed. HLT running with TPX and TOF only for some period.

- Feb. 05. HLT is decoupled from L2. Instead, HLT receives BTOWSs from Tonko/Jeff.
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)\

L STAR HLT-2011
STAR >
pp 500 GeV, 11 wks 19 GeV, 3 wks AuAu 200 GeV, 7 wks | 27 GeV, 2 wks

&
CYIHLT >
C
® Tagger Tagging “HLT-good”| Tagger Tagging “HLT-good”
=

=

©

N®)

[ Tagger

L

“HLT-good”
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) STAR HLT-2012
STAR >

Jan ~2nd

Pp 200 GeV, 5 wks

pp500 GeV, 7 wks

UU 193 GeV, 3 wks

cuAu 200 GeV, 5 wks

HLT

Tagger

Tagger

Tagger

Feb 27t
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HLT Achievements
QDlSCOVQrYNeW& ... has gone fishing.

EARTH | SPACE | TECH | ANIMALS { DINOSAURS { ARCHAEOLOGY { HISTORY | HUMAN

Discovery News -~ Space News ~ Antimatf guardl

AYe ‘V
s SpOr

e
ANTIMATTER GETS
Analysis by Jennifer Ouellette HUSScie .
F®1 Wed Mar 30, 2011 01:03 PM E Megy,; Yy
h— g ~ents | Leave a Commy bi//iOn(hStpa’T/c
N

25 3 35 4

Mass (GeV/ﬁ)?)

NALUTLE 353356

(May 2011

launderers. www.financiakorimerisk fiserv.com
Ads by Google

Adjust text size: A= At
March 21st, 2011, 09:12 GMT| By Tudor Vieru

ASTRONOM Y Death by Biack Hale
BROLOGY Oriemg Hunters D0V IR 0AMENT Warkd Farests Dounce Back
NEDIONE Lanskenia Cawe MIND Wiy Tred Grains Slunder

EVOLUTION Eardy's First Life TECAMNOLOGY Envors of Steve Jobs

Anti Acne Anti Envehhecimento  M—

A group of high-energy physics experts in the United States announces the production of 18
antinuclei of helium-4, the antimatter opposite of the common chemical element. This is a 1

and in this branch of physics, analysts say.
Using data obtained from in-depth analysis of these nuclei could allow experts to understand why normal

matter prevailed over antimatter shortly after the Big Bang, and why the Universe exists.
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STAR HLT Achievements
— s
centrality 20~60 % E |
wesss non-flow estimation o ar
STAR Preliminary | % -
5 |
2°
- coalescence w initially produced [3] 0
— —— at freeze-out [1] hydro: {_6] -
ST in transport model [2] =120 with viscosity -
SECTEEY in fireball [3 ~— T=165 with viscosity -1
- e + initial mix [4] — T=120 without viscosity C
L === +initial mix [§] - T=165 withoyt viscosity _2:
0 2 4 6 8 0 .
P, (Gew& 3k
-4 ?

J/y v, highlighted at QM2011 B

-3

-2

-1

0

1

Real time feedback on
beam — beam pipe

background during RHIC

Beam Energy Scan

program.

2

3 4 5
lertex X (em)
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ﬁ“ Future Upgrade Plan

» Adopt the Cellular Automaton (CA) tracker.

» Expand the GL3s to an online computer farm.

« Equip GL3 computers with GPU/MIC.

Aihong Tang
CERN Nov. 2012
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Physics Opportunities with HLT Upgrade

Push the boundary of Standard Model
 Dibaryon, Strangelets.

Look for new physics beyond Standard Model
* Rare decay of hadrons, Antimatter.

Atom/parton chemistry test ground
e Multi-hyperon systems.

Aihong Tang
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j%m Adopting CA tracker

Track finding: Which hits in detector belong to the same track? — Cellular Automaton (CA)
CA illustration:

Application to straight tracks reconstruction |. Kisel et al.
0. Hits - ]
* e o o
o ® 4
1. Segments 7

Cellular Automaton:
1. Build short track segments.
2. Connect according to the track model,
estimate a possible position on a track.
3. Tree structures appear, collect
segments into track candidates.
4. Select the best track candidates.

Cellular Automaton:
* local w.r.t. data
- intrinsically parallel : : Compare to current STAR
* extremely simple [+ Tracks HLT tracker : same speed,
- very fast : : . . o

: : : : better efficiency, easy for

Perfect for many-core CPU/GPU ! o future parallelization.
Aihong Tang 25
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) STAR Adopting CA tracker
TPC clusters ) f TPC clusters )
pad, row, time bucket . " X pad, row, time bucket

STAR online hits x, y, z 24 [ STAR online hits x, y, z
(STAR global sectors (STAR global
coordinates) Y \ coordinates)

CAhits x,y, z
(CA local coordinates)

CA tracker

CA tracks

dedx calculation

Primary Vertex finding

[ KF Particle
Global Tracks

Treat the Cellular Automata
tracking routine as a black-box.
CA tracker is vectorized, if CPU
supports SIMD, i.e. SSE/AVX
instructions.

CA tracker can run in multi-thread
mode, if Intel Thread Building
Blocks is available. (we do not
turn it on)

Primary vertex finding based on
Kalman Filter, i.e. KF Particle
package. Can be vectorized.
KF particle can also be used to
reconstruct secondary vertices.

(gl3Track) t Primary Tracks J [ Primary

(ql3Track) Vertex

other
detectors

trig_ger decision making

Aihong Tang
CERN Nov. 2012
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i%ﬂi Trigger on Secondary vertices : Search for strangelets and other exotics

<
C
s

Veh
VoVoCh_vyv, voChCh_vyv, ChChCh_v,,
Strangelet

VO VO Vch VO Vch
ChChChCh_vyv, v,ChChCh_vyv,, VqvoChCh_v, VVoVoCh_VgVoVe

Good potential for new discoveries (Strangelets, di-Q etc.) with GL3 upgrades

Aihong Tang 27
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Secondary Vertex Finder

d
o

L3 CPU Time Per Event (second)

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

STAR Preliminary

AT
e o

e L
- |

"I' } | | 1

v
10 0

n 1 I 1 1 1 1 I L 1 1 L I L L L L
1000 2000 3000 4000 5000 6000 7000
Number of L3 Tracks

v, reconstruction is CPU intensive (~M?).

Aihong Tang
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i%ﬂi Secondary Vertex Finder with GPU

comformal Kalman Secondary

_ strategy = mapping filter vertex
Good task for GPU: tracking  tracking finder
Input data amount $ ® ® ®
Communication between tasks \ ¢ o o o
Frequency of accessing to input data <} O O O
Complicacy of each task @ ® ® o
Output data amount 3 O O ®

Secondary Vertex Finder is best candidate suited for GPU acceleration

Aihong Tang 29
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i%m. Secondary Vertex Finder with GPU

Test result. lambda_mass
GTX280 VS 2.8CPU e
sooi ’JﬁﬂLL] RMS  0.01064
CPU GPU g
(GeEorce " FJJj b "vlﬁhﬁuﬂpL
GIX 280)) ol
clock 2.80GHz 1.3GHz 300 ;Urﬂ R SN SRS SR SO
Time cost 93us/pair 1.3us/pair wo:::i;ﬂ:.f 4405 141 1415 142 1425 143 1435

Code running with GPU is 60 times faster than single CPU

core considering data transmission. Lambda reconstructed by
6x gain due to code optimization, 10x gain due to GPU. GPU (real data, HLT tracks)

GPU significantly accelerates v, reconstruction.

The possible alternative approach = see next slide.

Aihong Tang 30
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e The alternative approach : KF Particle with Many-core System

2\

KF Particle Finder + Many Integrated Core is an ?0000:
alternative approach to STAR-HLT’s current vO  ~©
reconstruction plan with GPU

The KF Particle Finder has been parallelized using
Intel Thread Building Block.

15000

10000

The KF Particle Finder shows linear scalability on
many-core machines (the scalability on a computer _
with 80 cores is shown).

STAR plans to test/adopt the KF particle along with
the CA tracker.

25000 —

A

S T T R AT T R A

Intel E7-4860 2.27 GHz

I Kiéel et aI.

: AAAA
: AA i

; A% H
; A‘“ i

AA“ leen n threads each filled Wlth 1000 events
- FUn- them -0n- specmc n IoglcaJr €ores;- 1 thread
. per1 core AuAu mb|as events;at 25 AGeV

1 i | T | | | T | | 1111 | | I I | | I | ‘ | T | i

30 40 50 60 70 80
Number of logical cores

Aihong Tang
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%Q@R Summary

- STAR'’s HLT has successfully selected events of
Interests In real time.

- It is demonstrated that STAR can deliver important
physics fast with the HLT.

- Future upgrade plan is presented. With the upgrade,
STAR will be in an excellent position for exploring a
wide range of new physics opportunities.

Aihong Tang 32
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Backup
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Online Calibration

o 111 I 1 1 1 1 l | I I | l | I I I 11 1 1 I 11 1 1 I 11 1 1 I 1

0 5000 10000 15000 20000 25000 30000 35000

Sun Apr 4 11:28:38 2010 bbcx

HLT calibration and offline computing are mutual beneficial.

|dentify issues early (for example, the TOF Time Over Threshold issue)

Aihong Tang
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N STAR Secondary Vertex Finder with GPU

pr (GeV/c) <08]0836| >3.6

7 dca to primary vertex (cm) | > 25| > 20 | > 1.0
p deca to primary vertex (cm) | > 1.0 | > 075 =10

dca between daughters (cm) | < 0.7 | < 0.75 | < 0.4 \

dea from primary vertex to VO | < 0.7 | < 0.75 | < 0.75

ay of, m 4-15 1-150 -125
decay length (cm) 4-150 | 4-150 | 10-125 DCA

Guts selection for Lambda (Antilambda) at Au+Au 200Ge¥

Dca between daughters is the most time consuming part.
1, Calculation of dca between daughters is more complicated than other parameters

2, The combination of candidates is much higher that other parameters.

Aihong Tang 35
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~, STAR

I

HLT-HFT Precision Consideration

For a first time test, we just set a constant search range and tested two situations.

full HFT single track efficiency

-9 1 L~ rrrryprrrrprr o rprrrrprrrd I ]
g - ——25—— offline pion, Good PXL = 2, from HFT CDR .
.g 0.9 — & HLT,6=0.1cm, Good PXL >=1 -
= - HLT,c =0.10m, Good PXL =2 :
30'8:_ — & HLT,6 =0cm, Good PXL =2 e
c C ]
2 0.7 ¢ =
S L 5% ]
vi‘-l o 6:_ 00 o % i _:
o °F &7 TSR KL i LT iéiﬁgg .
— - . —
g 0.5 o of * ...“O.‘...... eiresess *»—
w— VLI o _gt%e =
) - - .
o4l =
T Lo e -
203f ° -
L » -
- aastadd ]
Re adast _
0 1: E LLAA““““ ]
- Fs -
OMM‘P‘I“.“I e vy v by 1R

0 1 2 3 4 5

pT(GeVIc)

Good work-in-progress

Offline pion embedding

Dy =n" +K"~

HLT
without the event background

v’ The single track efficiency is quite
sensitive to the search range. We need a
detailed description of multiple Coulomb
scattering.

v" We can increase the efficiency by
extending the search range. This doable
because the ghost will be controlled by
TPC tracking.

Expect more collaborations with HFT experts
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Related History

* STAR’s old Level-3 system had been in limited function, phased out
since then ~2002

* Propose of HLT at 2007 DAQ 1k workshop.
* Proof of principle in 2008.
* Prototype in 2009 with real data taking. DAQ 1k installed in 20009.

* In function in 2010.

Aihong Tang
CERN Nov. 2012
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Online Monitoring

STAR
%
2 [Tof_matchld_fireld
Tof matchid_fireld —
EZOC C Mean x 113.2
° o Mean y 100.4
;gl 80 — RMS x 5548 § |
: RMS y 56.05
160
C /‘/
140 o
- e g
E ’ 10
120F A
C -
100 o
i - 10
80
60
40 :_ 10
20
0( 20 40 60 80 100 120 140 160 180 200 1
matchid

| DiElectroninvMassCut |

DiElectroninvMassCut

Entries 1652

60 Mean 3.324
RMS 1.28
50
40
30
20
10
ol— | IR S Y
2 2 6 8 10 12
M, (ee) GeV/c’

|Emc_matchPhiDiff | [Emc_matchPhiDIft
—_ Entries5967984
Mean 0.02053

400

350 RMS 0.01675

300

250

200

150

100

50

Annnlnnnnlnnnnlnnnnflanaalnnnalaanad lhnns Mannnflanan
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
matchPhiDiff

Watch J/yp peak grow online.

Early discovery for possible run condition
changes
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