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Application of a supercomputer Tianhe-II in an electron-positron collider experiment BESIIT*
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Precision measurements and new physics searches require massive computation in high energy physics ex- Step 1
periments. Supercomputer remains one of the most powerful computing resources in various areas. Taking VPN
the BESIII experiment as an illustration, we deploy the offline software BOSS into the top-tier supercomputer
"Tianhe-1I" with the help of Singularity. With very limited internet connection bandwidth and without root
privilege, we synchronize and maintain the simulation software up to date through CVMEFES successfully, and an , TH-net
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using fuse in memory in each computing node. We provide a MPI python interface for high throughput (HT) Internet
parallel computation in Tianhe-1l. Meanwhile, the program to deal with data output is also specially aligned so Cloud
that there is no queue issue in the input/output (I/O) task. The acceleration rate in simulation reaches 80%, as
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« Two detector rings, degraders, a cryostat, and a beam pipe.
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. FATFAEFRAERE, #—FREARIRFRNEHFELKE.
« RFEEFHARIME, SYSURRITERIEAARESF, 4RECOMETLLGREHA
. COMET Phase-a ﬁu:vailable to use
Transport Solenoid

l Hodoscope [_] Under development
/ Drift Chamber L. Optional
particle H

(Or scintillating counters)

Range Counter

COMET Phase-I, 5 months data taking

* Directly measure the muon beam
with prototypes of Phase-Il detector.

* Very useful to guide Phase-ll

* Search for u — e conversion with
cylindrical detector (CyDet) with S.E.S.

=3 x 10715 (2 orders of magnitude

improvement).
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Scintillation fiber

SciFi
Fibers filled in Monitor ) Electronics box ost photons
128(X) + 128(Y) lectronics system will be put !
Detect the particles is part
1mm fiber . z i
o9 Init. particle >IPM
FEB
Total reflection photons | DPAQ
PC

_ o [ ] SIPM
e-Print: 2308.15253 [physics.ins-det] U
Credits: SYSUBRF, TZH. AER. #%HF : 10
USTCH &, [k, £LBE el | :
ZZU31X e Signal ”
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https://arxiv.org/abs/2308.15253

MBMAYH kT
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Imm fiber
— 3 \PM Board

SciFi Fibers filled in Monitor Electronics box e
128(X) + 128(Y) ' lectronics system will be put
Detect the particles is part e
& 4 Q
=

nternet

FEE Board

Region with SciFi will be covered with Al foil to shield the light
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SiPM Board: couple SiPM

! R Power supply

SiPM Board

FEB: Front-End Board, use ASIC chip, data
collection and package

= HVeco

TLU module switch: get data from DAQ and send
data to upper computer

DAQ Board: data processing, communication wit
computer and TLU module

TLU

ntrol  FPCi FPC

PCIE

DAQ
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MBMB TSt HRETREE

1 mm
i _" nnn i aannopnnnan y
S mggl‘lﬁ‘ 51slaiaia siala __
e ttd HHEERD . .

g ‘_';~ Bial - 2 R o o S 8, g S 1, S o — 1, S 0 S— . o0 ) Stalnless Steel Box

o SHEHE - . .

o SHE E A T~ N Plastic Scintillation
:J HH P :; Flber
[Sietntasmindniniz =
i i‘;:l’ t ez -]

!’ L u .J‘ U i _I ¥ ..»'1 &
-~ 1.3 mm wams=nen=3 Regin Components
Electronics

Protection Box

Electronics
Readout

Aluminum Plate
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eantnitialize DAQ board

Profile X

st Start data takingLJﬁ_,i
L L T

Get data from Buiffer

DAQ Stop StOp data tak!gnlg | -

~—+

Plat Start Start drawin g Qch

Stop drawing plot

Profile Y

e The commands to run the MBM

e Open source github: https://github.com/xuyu92327/MBM

* MIDAS by kou Oishi: git@gitlab.in2p3.fr:kou/phase-alpha-midas-daq.git .



https://github.com/xuyu92327/MBM
mailto:git@gitlab.in2p3.fr:kou/phase-alpha-midas-daq.git

cm]

30 -
X [em] ol Lo b Lo Lo Lo Lo Lo Lo [
0 20 40 60 80 100 120 140 160 180 2

* 3 hours data taken in the SMOOTH laboratory
e 2D plot for cosmic muon

* Cosmic muon trigger rate vs time




* CSNS proton beam time: 2022/7/20
* Beam window:

* Icmxlcm

* Energy: 30 MeV, 35 MeV, 40 MeV,
45 MeV, 50 MeV, 55 MeV, 60 MeV

* Time: 90s per point

e Beam rate: 1.7x10’ protons/s/cm?

e —— 1 "
200 1

2 CSNS[GF R m-FEH X ZE. 1BEa%E | | | | | |
0 50 100 150 200 250 300 350 400

time [ms] 23

2023/11/24
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MBMEZFISEZIRCSNSERF Rt LIS

e Beam test: Jan 9th in 2023

* Beam:
* Power: 80 MeV

e 2.9 x10° proton/cm?/s

* Beam spot 10mm*10mm

(0, 0)

C1 12 13 |[Ca][C5 ] [Ce ]

(25. 25) (75. 25) (125, 25) (175, 25) (225, 25) (275, 25)

[******'i?

108 A¢E

(0, 30)

(30, 0)

(30, 30)
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A4 time profile
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»Beam time t,: time for N,..>20

»Cut: -0.4 ms <t-t;<0.4 ms e O
» Obvious beam spot " sl
150% 10
- 8
100 [— 6
- s
50_—
: R :
00{'-'. | 5|o '_'.:'.1-0&.;1 EEEC 2f|)0 '. ':;2-5|o" x[mrg]oo 0

Simulation from CSNS

Contour around 60-70 mm Data taken by MBM.
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5 10 15 20 25 30
X [cm]

e Large beam spot

» Lower magnetic field in transport
solenoid: 3T = 1.5T

» No magnetic field in detector region
» Different kinds of particles: e, mu, pi

* Slightly changes in different running
period
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Location of Beam Center [mm]
=

COMET -aZF Rt =L

35 =

- - R )
[ Run 325§ Run3278 BG Run(Centre pos RC w/o Beam Center at X directicn E B Hit Rate on X Layer || ==
[~ magnet field) ****Start™**** = — - —
L_Run 3279 — Run 3780 Positive run w/o mask(Positive run Start) Bearn Canter at ¥ diractian % 30 - — 14 Q
[ Run 378Q- Run 3892 Pos.lt.lve run w/ X->0, Y->150 mask pos o - A Hit Rate on Y Layer =1 D(:U
- Run 3892 — Run 4075 Positive run w/ X->415, Y->316.6 mask pos o — — \ , 1 =
[ Run 4075 — Run 4206 Positive run w/ X->0, Y->100 mask pos T L =1 =
|- Run 4206 — Run 4420 Positive run w/ X->-100, Y->50 mask pos 25— )“ " A 1 2 -
L : — e e 3
— [ Run15B0 MBM change thresholfd )
— 20— Run2291 Beam stop and restart —10
_— [—  Run 2406 Beam Stop / l
L | Run 2892 Beam Stop T .|
N — Run 3258 —Run3278 BG Run(Centre pos RC w/o magnet|field) o
| 15_ *AAK G R KK W _8
— I~ Run 3279 —Run 3780 Positive run w/o mask(Positive rur|Start) |
— [~ Run3780- Run 3892 Positiye rin w/ X->0, Y->150 masK|pos =]
__ 10— Run 3892 — Run 4075 Positive ryn w/ X->415, ¥->316.6 mask pos =
- — Runﬂ 75— Run 4206 Positive ryn w/ X->0, Y-3100 mask ;Eos — 6
N | Run 4206 — Run 4420 PositiVe rin w/ X->-100} Y->50 magk pos —
— S— |
L I A —4
__ | | | | | | | 0 _I 11 | L1 1 1 | | (] | L1 1 | | T | | | | I I || | | | | | [ |
L e e I 1500 2000 2500 3000 3500 4000 4500

1500 2000 2500 3000 3500 4000 4500 Run No

Run No

30




NHits

6000

5000

4000

3000

2000

1000

o

2500

2000

1500

1000

500

o

COMET- B FRijiSEIE

[ 1 | 1 1 | 1 | 1 1 ‘ 1 | | 1 1
0 2 4 8 10 12
Time[us]

— Peak 1: chi2/ndof = 220.05/149 = 1.48

- Amplitude: 2425.91

— Mean: 175.89 Peak 3:

; Sigma: 52.07 Amplitude: 1324.33

& Mean: 1343.56

— Sigma: 51.39

— Peak 2:

- Amplitude: 685.49

- Mean: 761.02

_— h Sigma: 49.99

e

[ 1 | 1 1 | | 1 1 1 1 | 1 |
0 200 400 600 800 1000 1200 1400 1600

Time [ns]
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e Structure for one main-ring cycle
» 1 big pulse followed by 6 small pulse
» Composed for 4 possibilities
»Big pulse: 1.1 us
»Small pulse: 0.6 us

o, EEm t
F [ Pulse B | At
R m“ 178 l-l?l 1 |'|.I' Ilqll |ﬁ|
— M H | |
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Beam Profile: e Beam Profile:u™

* Global beam profile

MBM'’s beam profile

Beam Profile: e

Beam Praofile: e*

Beam Profile:m

5 L E
E - - E
> " >
400 — 400
Fa
100 y 150 200 300
X [mm] o
Beam Profile:u” C
c — 200
E o=
= C.-".
— - o
100 — 100
=
]
L - l-.
10 LT ILE=T — 101
Yoo 100 00
X [mm] X [mm]
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 When RC was moved from the bottom right to the top left, we saw the movement by MBM immediately.

30
| 50
250

E
S,
>_

20
30

15 + 15
20
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It works!

34




1]
X
H‘g
k]
=
3
‘;trﬂ
i
=
7
2
%m)"%
cr
W
N
e
El
3A

B
m 18 B
EfiyEE

Gy Ria=2 DF ] F
FHY
ulgzE

MRl

ZEY
ESTH#Y

=V
DNA

The uSR spectrometer

Nature Materials 16, 467—473 (2017)

B sim = am==

00 3 4§ 6 7T 8 50
time [jis]

FEGEURA. IR (ZF-pSR) TIEE MBS (TF-uSR) MM (LF-uSR). HHEEE (uSE)-
B E3tPR(RF- uSR). Level Crossing3t# (nACLR)

35




[FRBEFRNERR R (EEBFEN) NS FRENA

AR, SMEKERZE.

CRFIEFNA: MREERRG. BAEARE, REYE
-SSR EIER S

R SR T RAFES RS

||z

" A




4 BaF,

RRBEEFNERR S (EEBFEN) NS FRINA

Source of pulsed
ositron beam

z
Machine’s
. ti
[apc] o TAC o 2900

2D-PAS ___J

Spectrum(AE)

“Na e+ ‘Samplc l
] e =p & SiO,
2D-PALS _&& - (EEE (AMOC) 1 2

- 'YBI:.E = 'YBI:.E (CDB)

- TEESEARENE

= =1

(CDB, Coincidence Doppler broadening Spectroscopy )
IEEBFEip (F#8) -thE3E% (AMOC, Positron Age-Momentum Correlation)

1IEEBF50n (i) -18EXEL (2D-PALS, Positron Age-Pulse Height)

37




‘ Coincidence
s il Processing Unit

Sinogram/
Listmode Data

Annihilation Image Reconstruction




BEHRE

ZYMICAREMRITNARI, BHKERQEDER, HEYIESERMRBHUSMITHIENIRETE,
MACEFCOMETSF B AR KIS R 25 B A TR T ER N B AR A R

AP TLEESMOOTH, EFA T ZHHRNE FEZ TN, FORENIRNSFFUSRIFAF
ZF R ENROAFILTI, ASDPHRNBFRARNIRRFTT 7 LR E A,
HERRERNF[ESFRNATERTUEEAE, BN EEVEES TR NeE N FEER,

BARZZIEAMEBIT, MKMeR, S1ELR!
% J % J U
-15'1 N -15'4 N 3
TR [ 1 IR ] N THI 7T 7!

BINHEP B 52, FElF, M0, TR s i B TR BT R BT
EHSTC 2745 B I ALY Ay ] 20 R .

B A 5 [ A B T T

IS SRR 120T5326 /) Fi s I RIS o i 4 5 25 A S5 1.
A B AT A, AT A FIEN] !

3

Gy

=l
1=F

(E=

——
7
H o

39




