ﬁ HELMHOLTZ

16l : | GEMEINSCHAFT

Helmholtz-Institut Mainz

Online Software Trigger @ PANDA

Donghee Kang

Institut fur Kernphysik, Universitat Mainz

JG|u

sines GUTENBERG - -
UNIVERSITAT M PANDA collaboration meeting, GSI, 5. Mar. 2012 Universitat Mainz_ et I




jonannes GUTENBERG

ﬁ HELMHOLTZ
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Event/Data acquired by DAQ
(temporarily)

Software Trigger
Algorithms

_______________ ... oo

Events to be
stored on disc

» Required background reduction rate 1/1000 with software trigger in total

- Triggering event rate : 20 MHz — 20 kHz
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Consideration of online physics trigger

- need a special event building algorithm based on time

- reco. and pattern recog. algorithm should be different for online

DAQ ev1 ev 2 ev 3 time
II £ II II read buffers according to
detector speed/delay/latency
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PANDA Software Trigger, online trigger meeting, Oct. 2011, K.Gotzen
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Consideration of online physics trigger

- need a special event building algorithm based on time
- reco. and pattern recog. algorithm should be different for online
- available informations are limited (maybe no PID(?) & vertex fit)

- expect worse momentum resolution for online reconstruction

STT + MVD + GEM
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define required information
from detector

answer for what is required
precision of mass, momentum
resolution and efficiency

for interesting physics channel

find optimal online cut criteria
from the kinematic feature of
physics & background event

Synchronize
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B Online trigger strategy e

Detector group

preparing track and PID
information for online case,
analyzing data streams
under real time condition

implement the concept of
physics trigger into

Local Unit with FPGA (VHDL)
Computer Node based on FPGA (VHDL)
Commercial Grid Computer (C++ online)
GPU parallel computing (CUDA)

investigate the concept of online trigger by studying benchmark channels
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Benchmark channels

As an example ...

pp>Jlyr'n >een
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Charmonium with a J/y in the final state (a la PANDA physics book)

- EvtGen for signal, EvtGen & Dpm for background

- No Resonance & Photos

-Js =3.526, 3.686, 3.872, 4.260, 4.600, 5.000 GeV

signal < nb main background ~ few hundred pb
ppo>Jlyn'nT >eenn PP T
pp = J Iy’ > ete yyyy ppo>r ' >rtr 4y

pp = Jlwynx’ >ete 4y

pp = Jlwor’ —e‘e Sy } need EMC
PP = Yook 2 J Iy >e’eyy pporna STy
op—=J/yy >eey ppo>rn >ty
Dp—>Jlum —>e'e yy p = JIwr’n’ >ete 4y )

pp —>J/yny —>e'e 3y  heed EMC

pp = Jlwr'y > ete 3y

pp—>Jlynr’ —>ete 4y B

pp =’

pp >IN
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Analysis approach e
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[ Mass filtering J

— assumption : complete track finding for all charged particle and no PID

— combining 2 tracks with electron mass hypothesis in each J/y event

— tracking resolution Ap/p are varying from 5% to 100% (p, and p, both)

— applying fixed or varying J/y mass window to test efficiency

— find background reduction rate in same condition
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Entries = 1000000
Mean 3097+ 0,000
Sigma 00990+ 0.0001
X INDF 1875
Probability 000
S/B 209361+ 9588
N 9986525+ 997.9
7

Entries = 1000000
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FoM 9937936

m,. (GeVe)

Entries = 1000000
Mean  3.117+ 0.000
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ZINDF 355
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S/B 57844046
N 9783365+ 18258
iFom 917108

Mean  3.117 £ 0.000
-Sigma  1.5800 + 0.0033

4 5 6 7

m,,.. (GeV/c)

T

Mean 3097+ 0.000
Sigma 0.1961 + 0.0001
1 2INDF 652
Probability 000
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m,,.. (GeV/c)
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Mean 3117 0.000
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S/B  20354%292
N 9914569+ 10628
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Entries = 1000000
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Entries = 1000000
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4 5 6 7
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Sigma 0.7870 £ 0.0008
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m,.. (GeV/c)

Entries = 1000000

ean  3.101+ 0.000
Sigma 0.3348 + 0.0003
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S/B 78599+ 2208
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FoM 995861.7
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Entries = 1000000
ean  3.117+ 0000
Sigma 0.8838 + 0.0012
ZINDF 438
Probability 000
/B 71312062
979878.0:+ 16834
Fo 9663268

T

10000p

8000f

Probability
5B 3%21£025
N 9758802+ 347.0
FoM 949654.6

Entries = 1000000

Mean  3.117+ 0.001
Sigma 1.8800 + 0.0291
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Js =3.526 GeV

% Entries = X

25000F

20000F

15000

10000F

Gn  3105% 0001
Sigma 04949+ 0.0004 Ap

“INDF 475 0
000 = 0

SIB 931432848

997334.9+ 1008.1
Fom 9962653

4 5 6 7
m,, (GeV/e)

Entries = 1000000

ean 3,117+ 0,000
Sigma 09800+ 0.0009
“INDF 392
Probability 000
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FoM 9563810

ean 311720000
Sigma 1.4800 + 0.0029
?INDF 345
000

24154016

N 9639567+ 42616
Fom 9256300

Mean  3.117:+ 0.001 !!
Sigma 1.9800 + 0.0291 p

4 5 6
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JAy mass window fix: 1.596 GeV/c <m_,. <4.596 GeV/c (Am =3 GeV/c)

ete—

’f\ 11 T 1 N L L N L ) I O B B
o . ’ - efficiency for J/ e~
o . Vs (GeV) - Y voee
! 1—_....°i 0 3.526 —
O i 3686 o N
E 0.9 § . 3812 - definition of efficiency :
W N 4260 N
B $ . ] A
0.8__ ® ; A o 4600 __ Sff — N cC
- o ; . e 5.000 ] Gen
0.7+ : s 3 -
0.6¢ IREE : - - below 20% tracking
- ° e : resolutions are
0.5~ . mandatory at online
- - for the case of using
B | | | | | | | | | | | | | | | | | ] fixed maSS Window

o
O.lk

02 04 06 08 1
Aplp
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Combinatorial & background mass distribution with electron hypothesis (EvtGen)

[ pp—>Jlyr n — e*e‘n*n‘] [ pp o> T AT ]
combinatorial 4 combinations
Psi M R_Jpsi_M Psi M R_Jpsi_M
@ T | T 1771 | T T 1 T | T T T T | T T 17T T T Entries 4000000 %’. T | 1T T 71 | T T T | T T T 1 | T T 1 T T 1 Entl’ies 4000000
20000 — ete- i ; ~
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C At T B .
60000 T - 50000 _ -
50000/ = - E
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- A . 30000 A -
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10000 _ 10000 X
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Js =3.526 GeV

R Ipsi M JPsi Mass | R Ipsi M Psi Mass | R IpsT M i R Jpsi M R Jpsi M
[Entries 2000000 T T T TP TV enties 2000000 T T T T T TT T TV  enties 2000000 Entries 2000000 | T T T TV Yentries 2000000
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Background with DPM generator

e total cross section
e 1t m*n Ccross section

Inelastic n*nn*n— event for each beam momentum

are selected from DPM generation
statistics 106 events
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R _Jpsi_M
: T | 1 T 1 T I_I T T T T T T T 1T T 71 | 1T 17T T T 1T 1T T T T T T 1T T 71 T 1T T 71 | 1T 17T T 1T T Entries 3960000
- E Mean 1.453
- C A A RMS 1.151
g = 2P _20% 2P _ 509
= - p P

@5 =4.260 GeV

2
m,,. (GeV/c) m,,. (GeV/c)

- different color mean different combinations from all & tracks

- no information about resonances and mother particles in DPM
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<4.596 GeV/c

JAy mass window fix: 1.596 GeV/c <m
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Fraction = accepted combinations / all possible combinations of two tracks

Difference between EvtGen and DPM ~ 20%
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JAy mass window fix: 1.596 GeV/c <m_,._ <4.596 GeV/c (Am = 3.0 GeV/c)

ete—

)

[ EviGen  pp — 7z+7z_7z+7z_] DPM pp > ]

eff. (€)
eff. (€)

O. 6 et — O 6 et —
) T Vs (GeV)...... ] (O 4 s (GeVyoooo.—|
- 03526 _ o 3.526 i
L 3.686 - - 3.686 -
L 3872 - - 3872 .
O. 2 ettt G 4.260......... — O. 2 ettt e 4.260........... —
L e 4.600 - - e 4.600 .
- e 5000 . - e 5.000 .

| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
% 02 04 06 08 1 % 02 04 06 08 1
Apl/p Apl/p

Efficiency = accepted event / total generated event

No gain for background reduction ~ few %
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JAy mass window fix: GeV/c <m,, < GeV/c (Am=  GeV/c)

[_p —>Jlyr'n >e'en ] [ EvtGen pp > T T T ]

,\ | | | | | | | | | | | | | | | | | | | ,\ -] | ....... ’. ...... l ............ | ...... | ...... | .............. | ....... ’. ...... } ............ | ...... | ...... | ...... ,I ....... ’. ...... ', ...... ' ............ |_
I 1_""5 ......................................................................................................................................... | I
- B Vs (Gev) 4 w
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0.8} e eee e eee e e eeee s e B 3872 ..
L | 4.260 |
i R o 4.600 1
i § e 5000 |
0]} e ESS—— ; ............................................................................................................ ]
- ' ~ |
— . ~ —
77| S —— - i ............................................................................... ]
B P, |
L . . ~ _
L 8 8§ -~ _
s § 3.
] SN, S S5 o - |
L _ = L et _
A A A | A A A | A A A | A A A | A A A | A 10 ... [ i | ...... |||| ....... | ....... P i | ...... | ...... ||| ...... ,I ....... i | ...... | ...... ||_

0 0.2 04 06 08 1 0 0.2 04 06 08 1
Aplp Aplp

Efficiency = accepted event / total generated event

require Ap/p <5 % for signal selection
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JAy mass window fix: GeV/c <m,, < GeV/c (Am=  GeV/c)

[ EviGen  pp — 7z+7z_7z+7z_] [ DPM pp > ]

/L'U\ T T T T T T T T T T T T | T T T | T /L'U\ T T T T T T T T T T T T | T T T | T
N—r” B n N—r” B n
- l_ .......................................................................................................................... \/E(GGJV) ....... — - l_ .......................................................................................................................... \/E(GCV) ....... —
© T 03526 © T 03526
i 3.686 ] i 3.686 ]
B 3872 7 B 3872 7
) 5 A .. ) 5 i e —
B ® 4600 7 B © 4600
- e 5.000 N - ® 5.000 N

O 1 1 1 | 1 | | | 1 1 1 | 1 | | | | 1 1 | 1 O 1 1 1 | 1 | | | 1 1 1 | 1 | | | | 1 1 | 1

0 0.2 04 06 08 1 0 0.2 04 06 08 1
Aplp Aplp

Efficiency = accepted event / total generated event

Background reduction rate ~1 /10
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— select 20, mass range — signal efficiency > 95 %

— estimate background reduction rate for both EviGen & DPM

IGI 8: I I I | I I I | I I I | I I I | I I I | I :
Ny = s (GeV) .
¢ 7 b -
— 6L a0 =
& - e 4600 -
5 =
a- -
QAo My, = 3.097 (GeV/e)
2 =
1 -
Ot -
: | | | | | | | | | | | | | | | | | | | | | :

d'_\

02 04 06 08 1
op/p
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2ok EvtGen 1 0 DPM ;
/ : 3 : 350 3
=4.260 GeV 25;_ J Iy —e'e - 2502 300 4r ;
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E ] C 200 3
A ]_55— _E 1505 _E
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P o _ 504 50 E
® - ®
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20F E
18F 300F 350 3
16F E 3
145 250F 300
E ; 250 3
12F 200F
10f : 200 3
Ap 85 150 150
0 ; 3
20% —> 6 100F
: 100 3
p 4 50:
2l 50| 3
% 50

r 400
300f

350

250k 300

2005 250

1505 200
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40% ——-> 100f
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[ EviGen  pp — 7z+7z_7z+7z_] [ DPM pp > ]

T | - T T T ] | " | SRR I T T T _I ....... ] - | SR T T e - I ...... T T T 1 ....... | i | PP PR T T T _I ....... | - | SRR T

eff. (e)
eff. (e)

10t 10t

10-2 T T ................. ] 10-2 :ZZIZZZZZZZZZZZZIZIZZZZZ'ZZZZIZIZZZZZZZZZZIZIZZZZZZZ'ZZIZIZZZZZZZZZZZZIZZZZZZZZZZ‘ZIZZZZZZZZZZZZIZIZZZZZZZZZZ'1ZIZZZZZIZZZZZIZIIZZZZZZIZZZZ;Zﬁl'ZZZZZZiZZt

1 1 1 | 1 | | | 1 1 1 | 1 | | 1 | 1 1 | 1 1 1 1 I 1 1 | 1 | | 1 | 1 1 |

O 02 04 06 08 1 0O 02 04 06 08 1
Aplp Ap/p

Efficiency = accepted event / total generated event

Background reduction rate ~ 1/ 100
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Event rate for signal and background using cross section from DPM

c.m.s. production Csig
Vs =3.526 GeV pp—oh >J/yn'nT >ee n not seen
Vs =3.686 GeV ppov2s)>J/yn'nT >eenn o =50 nb 1
Js =3.872GeV pp > XB872)>J/wr'nT >e e’ | o=50~443nb
Vs =4.260 GeV pp —> X(4260) > J /wyn'n” —>e'en’n” | o=60pbl
Js =4.600 GeV pp—>?>J/yr'n seenn new state
Vs =5.000 GeV pp—o>?>J/yr'nT >ee new state

[l Measurement of branching ratios J/y, y’ resonance parameters in pbarp annihilation, E760 @ FNAL, PRD47, 772 (1993)
21 Measurement of branching ratios y'—e+e-, y'—>J/lyn+rn- y'—J/yn, E835 @ FNAL, PRD71, 032006 (2005)
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X(3872)

cms:

Js =3.872 GeV
Pr =6.988GeV/c

cross section:
oy,,= 90 nb
o,, = 90 pub

signal scaled by
X100

R _ _ .
m,... (GeV/c) m,.. (GeV/c)
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Benchmark channels

Another example ...

pp—>D'D” 5K 7 x"K'n

w—>D'D” 5D 7' D 5K at K ra
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Js =3.770 GeV

P

A_p:5%% 60f

o L | T ]
200E 2 3
E 80000 180F DPM 3
180 : 3
70000 ] E
3 ] 160F 61
: 60000 E 140k E
140F F E E E
1205 50000; —; 120;— —;
100F 40000F 3 100F E
80p 30000 3 80 E
60F =
40F 20000 E 40F 3
20f 10000 E 20F 3
F [N [N E 3 E E
0005115225335445 05 1 15 2 25 3 35 4 45 ©05 115 2 25 3 35 4 45
my..(GeV/c) my..(GeV/c) my..(GeV/c)
1V 1V
ARLE RARAS RARA RARAN RARAN RALR) RALRN RALRN LA T ey e IRARAY LAARS LAALY LAALY ALY RAALY RLAAN RAARE
120f 4 80000k 3 160k 3
- 1 60000F 3 120F 3
1 s0000f 3 100} E

20000 3 40F 3

10000 E 20F 3

[ : i\ ]
05 1 15 2 25 3 35 4 45 05 1 15 2 25 3 35 4 45 05 1 15 2 25 3 35 4 45

my..(GeV/c) my .. (GeV/c) my..(GeV/c)

90000 3 7o000f =
80000f 3 eoo0of E
70000 E : ]
3 50000F 3
60000 3 ] ]
50000 3 40000k 3
40000 1 30000 :
30000 3 : ]
3 20000F 3

' > 20000F = i ]
10000F ] 10000} .

05 1 15 2 25 3 35 4 45 ©05"1 15 2 25 3 85 4 45 ©6571 15 2 25 3 85 4 45

mKTcn(GeV/ C) mKnn(GeV/ C) mKnn(GeV/ C)
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[Ethen ﬁp—>ﬂ+7r_7z+7r_7r+7z_] [DPM ppo>nr T ]
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Efficiency = accepted event / total generated event

Require Ap/p <5 % for background reduction
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Summary & Outlook et

Helmholtz-Institut Mainz

e The method of mass filtering and requirement of momentum resolution
for online have been studied in the ideal situation

J/y : looks promising but other cuts on p, or opening angle will be necessary

D meson : much more difficult than J/y, the fraction of background is too large

e vincluded channels will be tested with using EMC information

e PID information is definitely necessary to achieve 1/1000 background
reduction rate in the online

need to clarify a statement about available PID and its precision from each detector group
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Backup
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* At least 20 MHz — 20 kHz, based on available computing power in offline reconstruction

* In very first stage, Information for trigger should be most likely local hits or possibly local tracks

* For this purpose, time resolution of detector should be a critical factor !

SciTil-ToF 100 ps
EMC for e*& y (hadrons) 1.0 (2.0) ns
MVD ~5.0 ns
STT (single hit) 5.0 ns (200 ns)
GEMs 12.0 ns
DIRC <20.0 ns
FTS (straw) > 5.0 ns (200 ns)
MDT () a few ns (60ns)

+ STT, MDT has a drift time ...

Universitat Mainz 7" Vi#Sx I
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BB Status: time order simulation =

— Simulation on time ordered events allows to test trigger algo. (including event building)

N~
1
back back back back back back back J

— Status of time simulation in PANDAroot (Jan 2012)

Tracking & PID Time application
MVD O O O

STT O O O
EMC 0 O X
GEMs O O X
DIRC 0 O X
FTS X X X
MDT O O X
SciTil O X X

not ready to apply into the study on the online trigger
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DAQ ev 1 ev 2 ev 3 time
I I | )
‘ STl II { II II read buffers according to
S detector speed/delay/latency

“— >
3 ns

{U_‘;’ ns / (numbers arbitrary)

e
[T L T |1 11
< >
20 ns
NS T | (O 1 O O
{EG'DHS ’

Figure from K.Go6tzen
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DAQ evl ev 2 ev 3 time

o

read again buffers

/ starting given t°

,,
e
i
=t
[ ]
[ ]
—
N

\ 4

due to drift time of STT

8 events can be mixed in £200ns and average

Universitat Mainz Y™ ## I
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| Theta positron | G_the 2 | Theta electron 2D |
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Kinematic feature : 6 distribution of J/y—e*e™

G_the 2

| Theta positron | |
= T T
22000

Entries 1000000
Mean 33.91

RMS 271

20000
18000
16000
14000
12000
10000
8000
6000
4000 -
2000

U__|||||||||||

PR B O B s e = i
0 20 40 o0 80 100 120 140 160 180

0 (deg.)

/

Vs =4.260 GeV

&

~

pp—>Jlyrn T >een

J

Theta electron 2D | |
I I T L

50 160 1000
(D]
= 140

 —
D 120

100
80
60
40
20

QJ 20 40 o0 80 100 120 140 160 180 0

0 (deg.)

| Theta electron | G_the 1
T T T T T | T T L I L L I L | Entries 1muuuu
22000

Mean 33.94
20000

RMS 27.13

18000
16000
14000
12000
10000
8000
6000
4000}
2000
E o T e
02077206080 100 120 140 160 180

0 (deg.)




ﬁ HELMHOLTZ

somannes GUTENBERG
UNIVERSITAT MAINZ

Combinatorial background e
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Combinatorial background of J/y event with electron hypothesis (EvtGen)

[ pp—>J/yrn — e+e_7z+7z_]

1.596 GeV/c <m_,, <4.596 GeV/c

4 combinations S/BlOS§""""""""""Ié
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@ T | T T 17T | T 1T | T T T | 1T 17 T T El’ltl’les 4000000 04 I~ ]
30000 - —ee e tn 10 Fun
70000 — e'n” (e_ﬂ:+) — - e ’ 3686 .
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60000 — 103 - o 4260 3
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40000 A = g .. -
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— combining 3(2) tracks with K and 7= mass hypothesis in each D*(D°) event

— total 9 combinations from 6 tracks for both D* and D° event

— 8_ I I I I I I I I I I I I I I I I ]
§ - \/g (GleV |_ nolgauss fit : rleading edge| .
v 7 .
5] 7; e 3.770(D") el
= 6 ® 4.040(D") Lo -
5 .o E
4:_ . o ® : —:
c =
SN I -
e  llizlls L = mp =1.863(GeV/c)
R -
1__ * : °® 0 0 s 000000000 — D* threshold
E ® e e 000000 06 00 0 o0 E% DO th;::hgld
O_ oo b b by T
0 0.2 0.4 0.6 0.8 1
Ap/p
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Background with DPM generator

Inelastic n*n—n*n—n*n event for two beam momentum e« total cross section
are selected from DPM generation e T~ Cross section
e ittt mtm cross section

a2 .
é 10%:= P |
10 = =
- é
e 4 |
- Y\\H 1 s =3.770 Gev
107! I ‘\ . Js = 4.040 GeV
RN
N N B
107 \\' E
1 10

pﬁ (GeV/c)
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&
Background with DPM generator
[ DPM PPOT T T © mass hypothesis ]
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Background with DPM generator
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[ DPM pp > T T T TTT n mass hypothesis ]
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Jhy : cuts on p, or opening angle will be necessary

+_
pwee) Ve
=
< R 300
2.5
= 5
O t 250
—
~ 2
AT —200

150

100

D meson : much more difficult than J/y, the fraction of background is too large
n-K separation from EMC is known to be not optimal (< 25%)
possible solution should be dE/dx from STT, MVD, and DIRC(?)



