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investigate the scheme of online trigger by studying benchmark channels

« a standalone program (generator level) has been used to estimate
event rate for signal and reduction rate for background with input parameters :

tracking efficiency, momentum resolution, mass interval, PID information

» physics benchmark channels
134 data sets with both signal & background from the PANDA physics book
EvtGen generator are used to test the signal efficiency :
observed enough selection power for signal event
background study using DPM generator :
toal 22 sets with beam momentum p,,, = 1.431 GeV/c and p,,, = 15.0 GeV/c

 require background reduction rate 1/1000 with software trigger in total
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Parameters |

« apply online tracking resolution by Yutie’s study, which is a level of 3 - 5%

12 selection algorithms scan events contain signal in parallel
» Mass filtering by 26 mass window for each algorithm/resonance

« application of p;cut on D meson (p;<300MeV/c)

MC data 12 algorithms
: D°(Kx)

D’ (Knx®)

Dt select event
(Krr) )

Jly(ete) !f one of 12 algo.

Jly(x 7 70 is fulfilled

he(ney = 777)
D°(u*e™)

Di(ff iei“f) reject event
De(fe_” ) if none of 12 algo.
HKTK™) are satisfied

D¢ \_ )

selection can be added with various algo. A(pn), AL(pK 7"), etc. Universitat Mainz  3/17
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 PID application in online trigger is essential

« assume 80% efficiency & 5% misidentification of PID selector for each particle

» misIDs are defined as a proportion of fallacious PID selector for certain particle,
that can make combinatorial background through other particle list

PID efficiency Purity & Impurity

impurity =1— purity
# of accepted e by e selector
g=P(e|e)= prededy B Pele)

# of reconstructed e [P(e|e)+P(e| )+ P(e| 7)+P(e| K)+P(e] p)]

# of accepted e by u selector

# of accepted e by x selector

toisip =Pt €) = Ty = P( | €)=

# of reconstructed e
# of accepted e by p selector

# of reconstructed e

K:up=P(K|e)= # of accepted e by K selector

p;zle =P(ple)=

# of reconstructed e # of reconstructed e
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DPM background

« during the study on the event rate, inelastic and elastic event given by DPM cross section
are separated in the event selection

» scaled elastic and inelastic event by event selection has been separately normalized and
combined to estimate the event rate
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elastic event DPM event (inelastic + elastic)
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s R

background reduction rate ~ 10!
evaluated by different ratio between hadronic event rate : 20 MHz — 0.7 MHz
and coulomb part, which can adjust with @ 15 GeV/c beam momentum
cut off parameter 0., in DPM generator
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* 6 EvtGen signal data and 6 DPM background data
0.5 - 1.5 M events / channel using PANDAroot v.17680

o> XG> Jlyn " > pp DPM event (only inelastic)
pp—>X(3B872)>J/ynn” sete n cms = 2.230 GeV/c
ij — y(3770) - D:D_*—> K_70r+71+_lj+7r_7r_ gg;g g:w g
pp > w(4040) > D "D - > D 2"D°n” > K »'ntK xn” 3 872 GeV/c
Pr(s =5474) > D'D” > K z'n'K'n n 4.040 GeV/c
pp — £(2230) > ¢p - KK KK~ 5.474 GeV/c

» 5 selection algorithms simultaneously —» 36 mass window — count event
D*(Kz) D*(Kzm) Jlw(e'e ) Jly(u'u’) ¢KK)

» online tracking resolution is the same as like offline reconstruction value
no py cut on D sector in the full chain MC simulation

 apply global PID probability for each charged track

. Prob.(e)
r_,Prob.l. ) I = subdetectors Prob. (1)
Prob.(k) = Z l_[ —— j=eu,m,K,p ||:> Prob.(z) | > [0.1,0.5] for each particle
J2 8 Palaail k = particle Prob.(K)
Prob.(p) Universitat Mainz  7/17
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- Signal (EvtGen) production e

p —>w(37710) > DD > K n°n"K'n 7

x10°
H' — 1 I I 1 I I 1 I I I 1 1 I l 1 1 1 | I I 1 I | I I | I I l I I 1 1 :
2 900 : =
b B reconstruced w/o PID
© 200 [ selected
= <~ [ MC truth

DY S K rtnt

l|III|III|IIlIIIIIIIIIIIIIIIIIIIIIlIIIIllIIIlII

N I|II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

.63
wn
[a—

1.5 2 2.5 3 x K.
m(K'n*1*) [GeV/c]

blue distribution : reconstructed D mass with matching MC truth
red distribution : reconstructed D from the combination of all charged track
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* clean up clone tracks found in the list of particle candidates

particle . (track,, track,) = [Apx, Apy, Apz, AE| < 0.1 MeV

before cleanup after cleanup

«10° pp > y(3770) > DD~ 1.5 M events «10° pp —>y(3770) > D*D” 1.5 M events

“. L I ] LI I 1 1 1 1 | | ] I 1 | I I ] ] I 1 LI 1 | 1 | ] I | I I ] I . : | [ | I T T I T T I ) T I T I T I T T l I T T 1 I T T T T l I I T T :
S 2500 — d B st E
o 2500 - B reconstruced wioPD | © 900 B reconstruced wio PID
0 C [ selected 1 9 800 =3 [ selected =
® L I MC truth 1 B F I MC truth .
2000 — ~ 700 —

N i 600 —

1500 — = : :

C i 500:— E

1000 — q & -

- 1 3005 =

500 — e 3

C ] 100 .
2.5 3 35 4 B.S 1 1.5 2 25 3 35 4

m(Kn'1*) [GeVic] m(K7*'1*) [GeV/c]

<> harged tracks — 0-8 @ p=15GeV DPM D> roed tracks = -3 @ p=15GeV DPM
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e compare D* signal between two different beam momentum

pp—>w(B770)>D'D” > K n°n'K'n n” pp—>D'D” 5K n'n"K'n
Js =3.770 GeV/e Vs =5.474GeV/e & p; =15GeV/e

x10° 1.5 M events %10° 0.5 M events
E T T | LI B | | LI | LR E ‘;; : LI T | 1 1 1 | 1 1 1 l LI N | :
9001 B reconstruced wioPID | @ 250 B reconstruced wio PID |
8002— [ selected _f [*) - [ selected .
= I MmC truth ] = B B MC truth -
700 + I+ + 2000 - F o+ + A
= D™ > K ' n-n = - D™ —>K ' nrn i
600— i C N
500 = I 150/ ]
400 = 8 '
5 - 100— —
300 = i i
200;— —; 50:_ _:
100 - - "
B.S 1 1.5 2 2.5 3 35 4 8.5 1 1.5 2 2.5 3 35 4
m(Kn*t*) [GeV/c] m(K'n*1*) [GeVic]

selection power and track quality looks similar - same selection might be applied
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* need a calibration for the reconstructed electron energy

pp—>XBRI)>J/yn'n > uu pp—>XBRIY>J/yn'n >een'

_ x10° 0.5 M events 0.5 M events
; [ LI T T T T 1 T ] T L .I T 15. T T ] T T LI ] T T T T ] %0000 _I T 1 1 ] T T T T T l ] T l T T ] LI T T I T T T l_:
qu_’ B - [ reconstruced wio PID | f_’ - ' - [ reconstruced wio PID
() 100__ [ selected 1 O B [ selected ]
* i [ MmC truth i *'50000:_ [ mC truth o

80 Ty sutu A | .
- VTR 0000 Jiy—>ele -
60 | - .
i - 30000 -
40 1 20000 -
20— —1 10000 —
0_ : L g & g Jloe gz i 0 L g g o Jl o o o .
0 1 2 3 4 5 6 0 1 3 4 5 6
m(u*u*) [GeV/c] m(e’e*) [GeVi/c]
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* need an improvement of track reconstruction for low energetic kaon

pp > w(4040) > DD —

D'n'D°’n” > K n'n'K nn pp— f(2230) > ¢p > K K K"K~

«10° 0.5 M events 0.5 M events
400,__‘ L T T T 1 T |. T T : L ] T T T 1 ] 1T T 71 [ L |_— H‘ B T T T T . T ]. T T T T T T [ T T T T ] T T T T ]
- B reconstrucedw/oPID - E‘G 0000~ B reconstruced w/oPID
350:_ [ selected B :: C [ ] selected ]
3005_ I mc truth_ ) —f 40000:_ I MC truth _:
. D’ 5 K™r* ] - ¢p—>K K~ g
250 ] - ]
: o 30000 .
200— = - ]
150 = 20000 -
100E- = - .
- 10000 -
50— - L ]
- N C -

8.5 3 3.5 4 8.9 1 1.1 1.2 1.3 14

m(K*) [GeV/c] m(K'K") [GeV/c]
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« compare invariant mass distribution 3 — Rl idigdE
with different global PID cuts .3 B v E
6001 E
* Prob. cut has to be tuned according 500 =
to figure of merit e =
300 =
200 =
B 100~ =
p >w(B770) > DD > K 7 n'K'n : =
85 1 1.5 2 2.5 3 35 4
. m(K*n*) [GeV/c]
200?'}'" I RN - - I i SEAEEN LERAENLEERS IERLE TRERZ ILERES
180— ' EMFOP,, . ,>01 T ° - Pl @ POP,, .., >05 i
- [] selected 4 2 B [ ] selected 1
160 I MC truth 4 F gl [ MC truth ]
140 . I i
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100 = N i
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40;— e 20— |
1 z
05— 1 15 2 25 3 35 4 051 15 2 25 3 35 4

m(Kn*n*) [GeV/c]
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Signal efficiency

Nrec,MC

gf.=

gen, MC

1.2

eff.

J/l//(,LlTa) DO( *71')
channel

where, N, . is the number of reconstructed event
accepted by one of 5 algorithms

B noPID
PID P> 0.1
PID P> 0.5

Efficiency

B:~068-097
£~0.23-0.70
£~0.13-0.40

show similar result
obtained from the
generator level study.
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reconstructed w/o PID = all combinations from all charged tracks

; T | ' ' ’ ' ’ T T ! | ’ T T ! | ; '>_<]'0'J L ' T A | LI B L ] XI"? d LI L L

2 | 13 100 T3 s0n =
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SL0000 — [ selected — =] I [ selected 1 o 160 F [ selected .
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3 1 1200 =
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« Compare background reduction between simplicity and complexity way
# of event accepted by one of 5 algo.

# of generated DPM event — full chain simulation —
ettt p ettt 5 algorithms
e no PID
Prob. > 0.1
Prob. > 0.2
Prob. > 0.3
e Prob.>04
e Prob. > 0.5

gf . = background recduction =

— result from the 7
standalone program
in the generator level

4 9 algorithms
80% correct PID
5% misidentification

2 25 3 35 4 45 5 55 6 D'(Kr) D (Knz")D* (K7r)
l | l l | l A N TR R A B B B RN R B B J/l//(eJre_) J/l//(7z'+7z'_7z'0)
2 4 6 8 10 12 14 16 18 HKK™) D, (¢7) ete”
p_ (GeV/c)
P s (GeVic) he(1cy = 777)
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« still existing a lot of rooms for improvement of tracking and PID

» total 22 DPM production has been already finished
more signal MC(EvtGen) including neutral tracks will be analyzed

« at present 5 selection algorithms — 12 selection algorithms with kinematic
cuts in the full chain MC simulation

« fraction of misidentification found in the simulation will be applied to
standalone online software trigger package

 analysis on event mixing is in progress

« assume that time order simulation should start @ 2013

Universitat Mainz 17/17
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Production Production

pp— J[brTn = eTe () he0(25).X.Y op — Jpw — ete nta n0 Y(3940)
pp — J/ym'm —>If“+l"_(!f:!f__)‘12' ) Y pp = P = ete~ntan°

PP = Xary = J[yy > eTem (W) vy (25).X.Y Bp — J/pr® = ete~mta

P = Xe2¥ = J/oyy = ete (utp™ )y (28),X,Y _ e o4 0

_ . AN pp—= JfbptnT —ete ntaln

pp — J/L.-‘; — €e'e (;u H );‘ Xr:l?‘(:'z.'x B — ?T+'T_7'U - T+T_T+T_7TU

pp = J/m = et (Wt )y ne(28)p(28) XY PP PT T T R T T

Bp — mHr-mtme pp—= ptntnn - atalntr

pp — 7ta w070 =ty pp = wrtn m™ = ot alnta

pp = J/ynr° = ete yyyy pp—= Patn = etemtrntn Y(4320)
pp = J/Ypwr® = ete 0y pp—= it ataT

pp— whtama’ = ata Ty p— op— KK KTK- £2(2230)
pp— 7r+?r_g,r — :rr“:L?r:'j- Y pp — generic DPM

pp = Iy — T € pp — DT D*,(2317)F — ¢m* + anything %0 (2317)
pp — J/Uny — eTe yyy pp — generic DPM

= J/a st o Ay : . .

J i [ = eTe”yyyy pp — DED%(2317)F — anything + DT n° — anything + ¢nTx°

PP = 1257 = e pp = Dy Dip (2817)7 — anything + D3

p — 7070 = Yy pp = DFDIn” = ¢on=Din"n

p — 70y = “, ' pp = DEDFr° = ¢on*DFnO70

Bp = 700 = Y7y pp — I_DED:?T” — omEDIFr°

pp = mm = Yy pp = E E7° 5 ArtAn~ 70 = prtrtpr— w0 Hyperon
pp = ) = vyyy pp — generic DPN

pp = ey =y = KTK™KTK ™y he pp — AMrtr— 7% = prtatpr—nn°

pp—= K"K K*K 7 = KT K- K*K~ 7, _ 5t . EVe0 ATt A0 = b 0

pp— SKTK-10 5 K+ KK+ K-~y w X Ei*iﬁfﬁﬁlj? S)mt —AmT AR P p

p— 6om° — KTYK-K+ K~ vy Al LA B

pp— KYK-ntn=n° - K*K~K+*K~vy pp — AN — prtpm Hyperon
pp—= DD - K nrn  Ktn m L (3770) pp = Z E7 = AntAn™ s prtatprTo~ Hyperon
pp— DD = D7D = K ntatKtn (4040) pp — ppr it

pp — generic DPM pp = ALY — prtpr—7°

pp — 37.'131?_7.'“ pp — AX(1385) — prtpr—n°

D s 373 5 D

pp = d: S o pp—= X 20 = prtypry

pp— KTK ™ 2n 2w ~ i DPM{ !
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P = Yeor'm'n — J/yn’xOn pp — ¥ (1385)X(1385) = AntAn~— prtatpr—w—
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_ 000 i .
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Efficiency of online physics trigger for 134 data sets (9 algorithms + A included)

’GJ\ I T T T I T T T I T T T I T T T I T T T I ;
;.:. 1 ----------------------------------------------------------------------------------------------------------------------------------------- -.Signal.chahnél---__
) defined by —

........... Physics Book 7]
®m Background channel

without resonances”]
......... m.Background.but . —
similar with signal. —]
included j/y, DY, D*_|
""" m-BPM background—]

inelastic event

80 100 120
Physics Channel #

10

10

104

80 100 120
Physics Channel #



onsnes GUTENBERG
UNIVERSITAT MAINZ

IGlu

ﬁ HELMHOLTZ

i Cut on kinematic iy

Helmholtz-Institut Mainz

possible way to get an improvement for signal selection and background reduction
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Application of p; cut in D selection

| GEMEINSCHAFT

Helmholtz-Institut Mainz

T S e A N s s R
g 06F pp >y (3770) > D'D" = § 06t reconstructed lfzS%%
:'- 0.52— D signal —i :'- 0.52— —f
0.4 X 047 :
0.3F E 0.3F =
02F . 02 :
0.15 . 0.1 =

0y 25 is 0y 25 3 X E—"
(GeVic) Piong (GeVic)

Q(m: ' S QOJ: """""'A""' E
3 06— reconstructed 3% 4 E 06— reconstructed > :online_i
o 0.5 = o 0.5 =
041 3 0.4 £
0.3 E 0.3 :
021 L 0.2F -
0.1F E 0.1F =

02_ - 02- '4'5




|GEMEINSCHAFT

Helmholtz-Institut Mainz

ﬁ HELMHOLTZ

e
>
@)

O

e
©
&
)

=

'

INZ

JGlu

wnes GUTENBERG
UNIVERSITAT MA

1OHA

Application of p; cut in D selection
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¥ Estimate of misidentification e
A
» realistic misIDs are prepared with the case of Prob.(e,u,m,K,p) >[ 0.1 - 0.5 ]

* positive and negative particle are similar

» strong momentum, theta, and cut value of Prob.(e,u,7,K,p) dependence

misl|Ds positive particle @ PANDAroot misIDs negative particle @ PANDAroot
Ple, s, 7, K, p)>0.1 PID reconstructed Ple, s, 7, K, p) > 0.1 PID reconstructed

B = PID efficiency,  off-diagonal =misID cleaned up clone tracks
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Multiplicity in generator level (DPM 22 data samples)
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Multiplicity in the reconstruction level for p, =15GeV/c < /s =5.474 GeV

before clean up clone tracks
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