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BEPCII and BESIII

Beijing Electron Positron Collider Il
BESIII Detector

il RE :
P hai s === Inner tracker will be upgraded to CGEM
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Energy plan: 1.0 - 2.45 GeV ,,{// Beam energy: 1.0 -2.3GeV \\\\\ MDC: p 0.5%@ 1GeV/c EMC: Csl (T1) 2.5% (5.0%)
7 Luminosity:  1X10%3cm s W\ dE/dx: 6% barrel (endcap) @ 1GeV
Top-up mode: 7 Optimum energy: 1.89 GeV W .
beam injection during data taking Energy spread: 5.16 X 10 W
Int. luminosity increased > 20% .;‘ No. of bunches: 93 ':,
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Top-up mode will be used in 2019 winter run :
ETOF was upgraded to MRPC in 2015
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ete- annihilation at 2-5 GeV
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Milestones

® 2003/3 BEPCII/BESIII project got approval, construction started
® 2008/8 Commissioning run

® 2009/1 Physics Run, BESIII reached its designed goal

® 2015/9 BESII/ETOF upgraded to MRPC

® 2016/4 BEPCII reached its designed luminosity

® 2019/3 BESIII accumulated 10 Billion J/Psi events

® 20207 BESII/MDC-IT will be replaced by CGEM

® 2027 Shutdown

BESIII Physics Journal
Publications

50 44

~11 years data-taking : 350 36 |

30 ‘ 23 |

~250 physics publications :
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Software/Computing in HEP

Accelerator

Data production
Physics analysis

Statistical error
(Data quantity)

Hardware

Software

DST data
MC data

G
erycs

Detector

Event reconstruction
Monte Carlo Simulation

Systematic error
(Data quality)
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BESIII Offline Software System (BOSS)

EVTGEN -

GEANT4 -
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Database \
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Recent software activities



Problem in tracking at low Pt
For p:<120 MeV/c, low tracking efficiency, large data/MC discrepancy
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Current tracking packages PAT and TSF are local (search from seeded hit)
Hard to find curling/loop tracks at high noise level



Tracking based on Hough transform

Conformal transform p=Xcosa+ Y sina + r, (upper half circle)

y(cm)

asF o1 p=Xcosa—+ Y sina —r, (lower half circle)
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J/ ¥ —>pprttt

Momentum range:
50 MeV/c~120 MeV/c

A.: Number of signals
703 — PATTSF+HOUGH

665p01 - PATTSF

Tracking efficiency with Hough

p1<120 MeV/c, the efficiency increased by ~7%

1- 1_
0.8 —A—$$_O—+$ 08} —A.—_“__O_—O—$
e o —,— =0
9 - —O—
§°F—"" DATA 2oep, —o— MC
= S
%04 =3 % 04
2 hemERy O PATTSF
0.2 0.2
: A PATTSF + HOUGH i A PATTSF + HOUGH
B.08505" 07 Go8 B03 0.1 5775 12 0 65556567 5 05 .05 65T o1
P(GeV/c) P,(GeV/c)
Modes 703 665p01
NF — pt K. 1259 +— 39 1235 + 39
NG — ptK—7nt 6328 + 89 6211 + 88
A} —3 pt Kon© 532 &+ 30 538 + 30
AL —3-pt Koo 520 = 205 469 + 27
AN - ptK—ntx 1720+ 60 1619 + 57
N — At 732 + 28 723 + 27
NF — Aa+ g0 1516 = 49 1401 =+ 47
NG — Anta—at 682+ 32 647 + 31
NF —>FOxz* 479 + 25 469 + 25
AN — >+ 570 282 + 24 268 + 25
NG — Statgx 1093 + 44 1042 + 44 1
At T4 151 + 23 137 + 18 1




Data/MC consistency under Hough

Efficiency vs polar angle
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Tracking efficiency for hadrons

® Systematic error ~ 1%

® Protons at low P <200 MeV are extremely low due to large energy loss
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MRPC Software

*TOF sintillators (barrel part and two end-caps)

*0,= 80 ps,o.= 140 ps, better PID power needed

*‘ETOF-MRPC developed by IHEP/USTC, installed in 2015

cos@.=0.846 .
cos8=0.944

_ cos@ = 0.961
SOffware: _CP;;__._.._._._._._._._. ISR S, SR
. KR
-Simulation | | ”
*Reconstruction

Calibration/alignment
*‘New data model
Backward compatibility

‘ 34.2cm




MC Simulation
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Offline Calibration

| Module_18 Cell_2 . A r ‘

BESIT

Bhabha events
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MRPC - time resolution of hadrons

Designed time resolution: 80~100 ps for pions at 800MeV
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PID Efficiency (data/MC)

PID efficiency (MRPC-only) PID efficiency (TOF/MRPC+dE/dx)
Data: 4.180 GeV (2016) Data: XYZ (2017)
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MDC-IT upgrade — CGEM-IT

25079
3 layers CGEM %9 1976

® Triple-layer Cylindrical GEM detector =
Acceptance 93%
Oyy ~ 130 um
0,<1mm
Designed by Italian group

® Each CGEM layer:
Cathode. 3 layer GEM molar, anode ® Electron multiplication
2-d readout strips for time and charge by electrical field in GEM

Cathode .

GEM1

GEM2 . \ Drift . / \ mm -
GEM3 \ \ ~~-' /\me

' 2mm
Transferl ’ / \

Transfer2
‘ ‘

Induction .

Complex structure / response
Challenge to software developers

Anode .

Read-out .
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CGEM offline software

part of the BESIII Offline Software System (BOSS)

@ Detector description (Geometry/material)
@ Digitization

R S e Simulation
( Raw < l
data < MC ( :
| @ Cluster reconstruction
l @ Track segment finding with CGEM

@ Global track finding with

. . Hough transform
-« @ Track fitting
alignment ( DST (

-

@ Resolution/detector responds
@ Geometry correction

Physics @ performance check
analysis (efficiency, resolution ...)
_ 3




GEANT4 description of CGEM

v' CGEM-IT (sensitive part) v" Passive elements
CGEM-IT

® Flanges
® Rings
® Cables

D GEANT4

v Inner barrel of Quter-Drift-Chamber

v' CGEM geometry service package (CgemGeomSvc)
® manage geometry parameters (including misalignment effects)
® provide geometry information and calculation

® Same for simulation, reconstruction, calibration, and alienment
21



Full digitization

Most important part, the MC results from Garfield

Simulation
with Geant4

sum &

S — —

[
| .
trajectory in | EHimAry step 1
CGEM [ (secondary) | sample electrons
i

ionizations | along the
l trajectory

Firing
strips

CgemDigitizerSvc

y——— o —— — — — — —

conversion of [€
signals

step 3
electronics
(TIGER)

Drift, diffu. & | step 2
multiplication, |(loop all ionized
induction electrons)

Sampling models can
be built from Garfield

simulation of separate
parts of CGEM

B e e i e e i e
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Comparison with test beam
Better agreement ~ 3% for planar GEM (from Lia)

Best result x2/NDF ~ 3 € gain tuning = 6.8 € diffusion tuning = 1.5 (
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Track reconstruction (CGEM+ODC)

Global tracking with Hough transform

CGEM cluster

reconstruction

CGEM track Tracking in
v segment finding outer-DC

4 Global tracking %
with Hough I
transform b

rack finding method 2:

[
I
I
|
I
I
: Track segments
! matching

Track finding method 1:
segment + matching Complete tracks v/ Workable

» In optimization ...

~— -
N i e

Global Track
fitting with least
square 13

\/ Track fitting with
Kalman Filter

method
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Track finding efficiency (CGEM+ODC)

For single track (MC), same level with BOSS 6.6.5p01
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For track fitting, more work needed
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Computing

26



Central computing (IHEP)

®HTCondor cluster

H CPU: ~8000 cores
B Storage ~8.5 GB
® Data production (Calib/Rec/MC)

B Physics analysis (all collaboration
members)

® GPU cluster

1 control nodes , 2 login nodes
M~ 100 GPU cards (NVIDIA v100)
B PWA (partial wave analysis)

B ML (Machine learning)

AcctGroupUser: Descending
wollenberg

agiman

Xuw

offline 290.263

348,564 xuw 348,564

290.263

xiaohao

GPU hours of jobs: ~39,200

~ 35% of all occupied resources

GPU*Hours of BES Jobs

20000  14998.3253 15829.9241

8400.4614
10000 I
: d

2019.9 2019.1 2019.11
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BESIII distributed computing

® 15 remote nodes: Russia, Italy, US, and Chinese universities
® CPU ~3000 cores, Storage ~500TB
® Mainly for MC production and physics analysis

Cumulative Jobs by Site

49 Weeks from Week 52 of 2017 to Week 49 of 2018
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Analysis job input

TAG Data files

Criteria(e.g. nCharged=2) -E

TagFil t‘\erSvc | RootEvtSelector
: : (next)

TAG based analysis

RootCnvSvc

l

RootAddress
(setEntryNr)

l

RootInterface
(getBranchEntry)

l

Converters

(TObjectToDataObject)

Analysis
algorithm

_______________________________

Original DST

DST Event O
DST Event 1
DST Event 2

DST Event N

JobinfoTree

DstReformAlg
)

JobInfoTree/Metadata

Reformed DST

nCharge=2

nCharge=3

: ‘ nCharge=2

Selected events
for analysis

‘ TagFilterSvc
 ——

two-prong events

®Data I/0 is the bottleneck in analysis: reading all events in a huge data sample

@®TAG every event in DST, only the interested events are read into memory

®Non-consecutive event reading is still time-consuming, should be avoided

®Re-ordering the events by TAG information to save reading time

®New event ordering structure in DST, no information lost

2
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o

Time per Job(

Test of Tag based analysis
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Number of Job

60 80

CPU utilization rate

o
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o
o
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o
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{1 — Tag
— - Full
—— Reform

160 12|0 140 160 150
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®Performance at different number of jobs

Disk utilization rate

©
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'S

e
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®The speed of analysis jobs increases by 3-30 times

1 — Tag

— .Full
—— Reform

T

|

T T
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8b l(')O 12vO 140 1t:>0 18‘0
Number of Job

®\Will be used in analysis - physics groups provide TAG info
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Summary

®We are still working to improve offline software and data quality
®We are developing new software for the detector upgrade
®We are developing new method to speed up physics analysis

®BESIIl has a powerful computing to face the future data challenge
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