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Hybrid Pixel Prototypes Performance The 1/(4040)

The Micro-Vertex Detector

Requirements & Features

B Spatial resolution < 100pm

m Momentum resolution
op/p < 2%

m Time resolution < 10ns
Geometrical Constraints m High rate capability
B Maximum Radius: 15cm .
m Dimension along z: + 23cm m No hardware trlgger
m Radiation tolerance
B 6 Forward Disks ~ 1 014 NiMev eqcm_2
4 Barrels q
= m Low material budget

Readout Channels

~ 107 Hybrid Pixels m PID by dE/dx

m ~ 2-10° Double-Side Microstrips
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MVD Hybrid Pixels

30+ Epi50-Highresistivity  Epi-75- High resistivity

28 [+ Epi-100- High resistivity = Epi-50 - Middle resistivity

26 [+ EPi-75-Middle resistivity + Epi-100 - Midde resistivity
« Epi-75 - Low resistivity

11 11

Full depletion voltage
normalized to 50 um thickness [V]

Glue

Carbon foam

Cooling pipe—|

\ Carbon fibre support |

B Epitaxial Silicon Material
m 100pmx100pmx100pm
B pepi ~ K Q-cm

B pg; ~ 20-50 m Q-cm

Laura Zotti

Triggerless hybrid pixel detector for the PANDA experiment and benchmark study of a )(4040) decay



Hybrid Pixel Prototypes Performance The 1(4040)

MVD Hybrid Pixels

Vier 1.2V
Veonp
InVeomp >

Leakagte:_ Feedback Z
i

i o | ov
cf
Detector | e
Im< Ca[Trea, | _ >-> Tothe dighl

Charge Sensitive h
= Amplifier Comparator

Input current signal 5
(~ns) < DAC]

c

B Pixel Size: 100pmx100pm B Clock Frequency: 155.52 MHz
m Self Trigger Capability m Time Resolution: 6.45 ns

m Chip Size: 11.6 mm x 14.8 mm m Power Budget: < 800 mW/cm?
m ToT for dE/dx Measurement m Max Rate cm~2: 6.10° Hits/s
= Input Range: up to 50 fC m TID: < 100 kGy

m Noise Floor: < 0.032 fC m Serial Output
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Hybrid Pixel Prototypes Performance

Hybrid Pixel Prototypes

Produced @ FBK (Trento) 640 pixels (matrix of 3.2x2 mmz)
Bump Bonding @ 1ZM (Berlin) 4 Pixel Planes - Total length ~20 cm
100nm Active Epitaxial Layer 50 MHz clock

= ToPix3 Prototype Column & Row Information
m Testing Board 12 bits Leading & Trailing Edge (Gray Encoded)
Xilinx Evaluation board + Virtex 6FPGA 44 bits TimeStamp
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Hybrid Pixel Prototypes Performance

Hybrid Pixel Beam Tests

Julich Beam Test CERN Beam Test
mEp@2.7GeVc B 7@ 10 GeV/c
B 525um Passive CZ Substrate B 20pm Passive CZ Substrate
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Hybrid Pixel Prototypes Performance

Handling Triggerless Data...

0
t1
BOARDO BOARD1 BOARD2 BOARD3
digiO(t0) digiO(t0) digiO(t0) digi0(t0)
digi1(t0)
digio(t1) digi0O(t1) digi0(t1) digio(t1)
digi1(t1)
V ' 12bit ITTTTIT
Uy || 4095
| @ 50MHz 81.9-10%s
12bit + 32bit (EOC) = 44bit
ToT

; ; .
Leading Edge TrailingEdge t @ 50MHz— 351.8-10°s
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Hybrid Pixel Prototypes Performance

Handling Triggerless Data...— TimeStamp Matching

— Hit —— TimeStamp Matehing

BOARDD BOARD1 BOARD2 BOARD3 Board0
. PP— . - x
* Row * fTimeStam * Row * fTimeStam * Row * fTimeStam * Row * fTimeStam * 1
R s AR e S S
* 210 * 537020249 * 150 * 558724657 * 190 * 546305718 * 155 * 558729325 *
* 211 * 546462082 * 151 * 558730152 * 191 * 546305718 * 156 * 558730152 *
% 212 * 558718073 * 152 * 558733717 * 102 * 546305718 * 157 * 558732055 *
* 213 * 558724656 * 153 * 558739485 * 193 * 558704130 * 158 * 558733716 * Board1
* 214 * 558730152 * 154 * 558748899 * 194 * 558730151 * 159 * 558738431 *
* 215 * 558742175 * 155 * 558749613 * 195 * 558732954 * 160 * 558738432 *
* 216 * 558749612 * )o@ B75¥™aQ_* 196 * 558733718 * 161 * 558739485 * 1
% 217 * 558740615 * ({157 * 558762802 ) 107 * 55873372 * 162 * 558743179 *
| . * 198 * 558738431 * 163 * 558745417 *
| 159 * 558766188 * 199 * 558739485 * 164 * 558748900 * TR VUV T TRV A
* 160 * 558766254 * 200 * 558748980 * 165 * 558749612 * 2
= 221 * 558766189 * 161 * 558766528 * 201 * 558749612 * 166 * 558754553 * Board2
* 222 * 558766253 * 162 * 558766529 * 202 * 558753162 * *
* 223 * 558766674 * 163 * 558768586 * 203 * 558754310 * i 1
* 224 * 558770175 * 164 * 558770174 * 28 B7STagQ * *
® 225 * 558770402 * 165 * 558770174 *(205 * 558762862 170 * 558766188 *
= 226 * 558770964 * 166 * 558770462 * » 55876533¢” = 171 * 558766254 *
* 227 * 558775489 * 167 * 558770903 * 207 * 558766188 * 172 * 558766419 * -
* 228 * 558781647 * 168 * 558775489 * 208 * 558766253 * 173 * 558768586 * Board3
* 229 * 558781648 * 169 * 558781647 * 209 * 558766528 * 174 * 558769056 * E
= 230 * 558786046 * 170 * 558781649 * 210 * 558766531 * 175 * 558770174 * ha
* 231 * 559824129 * 171 * 558786945 * 211 * 558768586 * 176 * 558776084 *
* 232 * 559028535 * 172 * 559024127 * 212 * 558770174 * 177 * 558775489 * E
* 233 * 559031646 * 173 * 559028535 * 213 * 558770904 * 178 * 558781015 * E
* 234 * 559832975 * 174 * 559028891 * 214 * 558770984 * 179 * 558781225 *

536 837 238 53,

54
TimeStamp [Clock Pulse @50MHz]
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Hybrid Pixel Prototypes Performance

Handling Triggerless Data...— Analysis Framework
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Hybrid Pixel Prototypes Performance

Handling Triggerless Data...— Analysis Framework
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Hybrid Pixel Prototypes Performance The 1(4040) — D

Handling Triggerless Data...— Analysis Framework

y

TimeStamp
sk 5k 5k %k ok kK

[ ODG=TimeStamp/10’ J
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Hybrid Pixel Prototypes Performance The 1»(4040) — D*7D

Handling Triggerless Data...— Analysis Framework

TimeStamp
sk 5k 5k %k ok kK

[ ODG=TimeStamp/10’ }
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Hybrid Pixel Prototypes Performance The 1»(4040) — D*7D

Handling Triggerless Data...— Analysis Framework

TimeStamp
sk 5k 5k %k ok kK

[ ODG=TimeStamp/10’ } [ ODG=TimeStamp/10’ ]

y
y
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Hybrid Pixel Prototypes Performance The 1(4040) — D

Handling Triggerless Data...— Analysis Framework

y

TimeStamp
sk 5k 5k %k ok kK

[ ODG=TimeStamp/10’ J

[ ODG=TimeStamp/10’ ]

y
y
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Hybrid Pixel Prototypes Performance

Handling Triggerless Data...— Analysis Framework

|

PndMvdLoadPixelData I

TimeStamp Matching

T —

ndMvdConvertPixelTask

i

: g |
I Pandaroot Framework I

’:I'lmeCaIibration '
i
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Hybrid Pixel Prototypes Performance

Handling Triggerless Data....— TimeStamp Matching

TimeStamp Matching

45000
40000
35000 r
30000 t
B
25000 | Finding Track... Finding Cluster..
i s 4
20000 s
15000 1 1 1 3 11 1 "
7 n * ¥
10000 Lt Ly +/-2
L B E B s T E N TV
Cock Range Clock Widow [80UHz]
Pixel LE vs ToT 11 1 3 111 3
+ —+
)
H
2 asf
®
S ok 111 . 111 [
g ¥ ¥
e +/-10
s
32 L1 1 s 11 1 1
g t t
N +/-10
10}
s
| |
Y0~ 35" %25

Lo
0. 35 a0 45 50
ToT [Clock Cycle @ 50MHz]
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Hybrid Pixel Prototypes Performance

Alignment Study

The 1(4040)

Julich Beam Test CERN Beam Test

Residual Distrib

on Board 1

x I

8005 o6 06 9@ o 002 008 08 0 1
it mea fom)

Res X1 Step9

ooooo

uuuuuu

ooooo

Pixel Plane [ ox [um] [ o, [um]
0 65 62
1 39 42
2 45 45
3 73 53

O tracky = tracky, = 27um

Pixel Plane [ oy [um] | o, [am]
0 51 54
1 34 36
2 33 34
3 49 51
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Hybrid Pixel Prototypes Performance

udy — Scan @ CERN

ToT Trend B1 Assembly A

5 100
H 10GeVic “ oo
N CERNZ@ 10GaVic oo
@ a0z
Lan e E
5 100007 Chmr g3 ™t
S E ety b
= a0 E
Y [
600
2 000 E
2 2000 3
: 1o
Lt | | L : |
N A R e
81 Threshad (]

Assembly A 100pm

Assembly A Efficiency

550
Cluster Size

|
T
Threshold [m]

ToT Trend B2 Assembly D

+

~ "y

ToT [Clock cycle @ 50 MhZ]

2

90
82 Threshd (mV]
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= 100,
Ty #1%0 Y e e —
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The +(4040) — D*TD*—

GUPC) = 01— ) #(4040) DECAY MODES
Mode Fraction (I;/T) Confidence level
$(4040) MASS r etem (1.07£0.16)  10-5
r, DD seen
VALUE (MeV) DocL TECN _ COMMENT |'3 DDBD seen
4039 + 1 OUR ESTIMATE r D+ D
1 - 4 D* seen
40396 43 ABLIKIM 08> BES2 et e — hadrons "
o o o We do not use the following data for averages, fits, limits, etc. . fs  D*D+cc 070 seen
5 o Te D*(2007)°D° + c.c. seen
4034 + 6 3M(J 10 RVUE e t7 — hadrons ry L)"(?OIO] D™+ cc. seen
4037 + 2 SETH 054 RVUE et e~ — hadrons I D*D* ceen
4040 1 4SETH 054 RVUE eTe™ — hadrons 8 —
9 * 0 * 0
4040 £10 BRANDELIK 78¢ DASP ete™ Io D*(2007)" D*(2007) seen
1o D*(2010) D*(2010)~ seen
(4040) WIDTH l1 DD (excl. D*D)
M2 DD~ 7t +c.c. (excl. not seen
VALUE (Mev DOCUMENT 1D TECN _ COMMENT D*(2007)°DY +c.c.,
80 10 OUR ESTIMATE . o  DY(2010) D +ec)
845123 S ABLIKIM 080 BES2 ¢ e — hadrons I3 DD*x(excl. D*DY) ot seen
« o o We do not use the following data for averages, fits, limits, etc. o e DD+ +ec. (excl ceen
87 *11 Smo 10 RVUE e'e™ — hadrons D*(2010)* D*(2010)7)
8 10 TSETH 054 RVUE e’ e™ — hadrons re DYD- ceen
89 % 6 8SETH 054 RVUE e e~ — hadrons 15 s Zs
52 £10 BRANDELIK 76c DASP ¢t e Te  J/¥(15)hadrons
73 Jjpata x1073 90%
Mg J/pm0 70 x 1073 90%
Mo x1073 90%
I x 1073 90%
o1 2 x 1073 90%
[P <11 % 90%
[ <17 % 90%
PDG-2012 =

Laura Zotti

Triggerless hybrid pixel detector for the PANDA experiment and benchmark study of a )(4040) decay



The +(4040) — D*TD*—

Cross Section of ¢/(4040) — D**D*~

PP — 15(4040) »D**D*~ @ p;=7.71 GeV/c

D*t/= DOt/ BR: 67.7 %
D° —» Kt BR: 3.88 %
. 47rh202 2J +1 BinBoutr2/4

8(S) = (E/272 (28, + 1)(2% + 1) (E— E)2 1 [7/4

m Bin: BR ¢(4040) — Pp
Bin = BlJ/v = pPl7 L =217 - 10287 = 2.5 107°

= Bout: BR [/(4040) — D**D*~] = 33% '
m M,=4039 + 1 MeV, [,=80 + 10 MeV

o(Pp — 1(4040) — D**D*~) =22 nb

'G. Goldhaber and J.E. Wiss, Phys. Lett., 69B(4), August 1977.
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The +(4040) — D*TD*—

Hadronic Background

A *+ Yk — 0
R_ o(pp = D*t*D*~ — 2D27 — 2K4~) _ 1.5pb _ 4310

o(pp — X) 35mb
7 10°F
=
ey PDG-2012 C AR M pototl 3
: T T T TTTI0T T T T TTTIT * B e —
19 2 10 17
10F ~ d . E
T TTTI T TTTI T T TTTTM LAY L
A\ 1 E
= \\ 10 k|
E w? ! B Tt 2K2r°2;
ki 4 i totat L B S R TR P R VT
E: S pm/[GeV/c]
é " Reaction o [mb] Fraction to pp
37 3r~ w0 1.3 37102
B 37 3r 0.21 6.0103
0 elastic 2Kar 0.029 82104
P, (GeVic) ]
10" 1 10 10° 10°

Triggerless experiment and benchmark study of a ¢/(4040) decay



The +(4040) — D*TD*—

Final Particle Momentum Distributions

¥(4040) — D*TD*~ — D7t DO~ — 7t K ntn K 7™

0 0 0
0 0.050.10.150.20.250.30.350.40.450.5 0 05 1 15 2 25 3 35 4 45 0 05 1 15 2 25 3 35 4 45
Ipl [GeVic] Ipl [GeVic] Ipl [Gevic]
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(4040) — D**TD*~

MC-Matching Results & Acceptance Considerations

Charged Tracks | +£0.1% | dp/p %
K+ 75.9

K= 715 18 Station # modules [ # straws | Area x-y [mm? ]

nt 75.2 4x8=32 1024 1298x640

T 77.0 16 1024 1298x640
7t -soft 411 1536 1944x690

1536
3200
4763

40.6

o of e cof rof =

\ FT1FT2 FT3 FT4 DiPole g5

4x37=148
magnet

500 600 700 600

9001000
FTS_2em]
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The +(4040) — D*TD*—

Analysis Strategy

m 4/6 candidates: K™, K=, #, =~ (x+, =~ hard-soft
component separation)
m Cut on the Momentum Distribution

m D°/D° candidates

m Kinematic Fit — Mass Constraint
m Cut +30 around the D° mass

m Cut on the Momentum Distribution
m Vertex Fit — dip < 0.2cm

m D*t/~ candidates

m Cut +30 around the D**/~ mass
m ¢(4040) candidates

m Kinematic Fit — 4C (Beam Energy)

FairRoot April-2013, PandaRoot rev. 21574
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The +(4040) — D*TD*—

D° — DO Candidates

MC-Interval +20
3.06 < [p| <4.1GeV/ic | 3.21 < [p| <4.31 GeV/c
[p:] <0.21 GeVic [p:] <0.25 GeV/c
0(K) <4°
D' candidates after KinFitter+VixFitter
D° candidates 2
2 2 (b)|— 2kdn E 4s000F- i Oy ~37um
H KinFitor o1 50MeV 3 6n 3
O 12000 —— wvorer O ypb — 7 40000F
i E — dpm
10000 E W?404°) 35000
[ ] 30000F
8000 1864.27 = 10.20 MeV/c? I 25000
6000 wl 20000
15000
4000
10000
2000 5000F J A
[ T s R i v v B T~ RN Tt T o 008 ° vy eml
M, (K'w) [GeV/c] M, (K'%) [GeVic?] Ve Ve €M1
Signal 2K4m 6m 7 op
4Pron KinFitter 86.1% 99.9% 99.9% 99.9% 99.9%
9 VixFitter 4.8% 17.7 18.9% 20.7% 37.8%
6Pron KinFitter 81.1% 99.9 99.9% 99.9% 99.8%
9 VixFitter 4.9% 17.6 18.8% 20.5% 37.3%

Efficiency of combinatorials and background rejection.
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) (4040) — D*TD*~

D** — D*~ Candidates

2 F ') )
¢ £ £ b
N < < —2kar |
Gsoool 3 3
3 8 6n
£ ,S,c
4000/ N N —dpm
" 0 o ¥(4040)
3 2010.50
3000~ +11.78 MeVic?
2000 e -
1o00F
P, S oL S I PO
s Y T s L [ it
Mo (') GeVic] M, (D% [GeV/c?) M, (D) [GeVi/e?)]
P
EE
3 @ )
OISWD _5 g
8 8 w=
000 dpm
(4040) e
15000 [
L
e
1oz
0 £
L | Lt ‘g Iy .
G EE 5 a6 e 07 0 09 L e E e
i (73 il M,,,(Kam)-M(D°) [GeV/c?] M, (Knn)-M(D°) [GeVic?]
M,,(KarM’) [Gevic?]
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4Prong % | 6Prong %
i Mean 4039.9 MeV/c?
e o 1.4 MeV/cZ | 1.4 MeV/c?
o n 4% 3.3%
oo Novents = @ - Lfnt
(Lint = 3.1 - 10%%°em=2)
(4040) — D*T D"~ 6.84-10° events
R e L] Of these, ~~4700 should decay into
D*tD*~ — 7t D% D0 — 2nt2n KYK—
Channel o [mb] Nevents Sim. Evt RP 4Prong RP 6Prong AP AM
2Kam 0.033 | 9.0-10™ 1.5.107 <13.10~7 | <6.7.10~ < 6710~
67 0.32 6.5-1017 2.107 <5-107° <5-107°% | <5.10°°
T 15 4.0-1072 2.107 <5.10°° <5.10°° <5.10°°
oD 35 1.1.10™" | 225107 | <8.9.10"8 <4.4.10—8 <4.4.10—°
Rejection power for the main background sources.
Channel 4Prong EProng AM
2Kam >16-10"2 | 271072 | »27.10°2
61 >5.8.10—3 >4.9.10~7 >4.9.10—7
7T >9.5.10—* >8.10—4 >8.10—%
op >1.9-10—° >3310"° | >3310°°
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Hybrid Pixel Prototypes Performance The 1(4040) — D**D*~

Conclusions

m An analysis framework for triggerless data has been
developed.

m Different analysis on topic detector aspects have been
carried out for 2 different beam test data.

m Detailed MonteCarlo study of the
pp — 1(4040) — D** D*~ decay chain were performed to
test the potential reconstruction performance, the
secondary vertices reconstruction capability and the
hadronic background suppression.
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The +(4040) — D*TD*—

Backup Slides
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The +(4040) — D*TD*—

Material Budget

s — 180 XX
% e, 1 R Wi oA e e i
1 60
gg ® Ert o s AP i 1
~70.8 | |
0.6 |
0.4 e \
|
0.2 i | 10"
o |
035005 T 15 2 25 3 35 4
Png [GeV/c] E
0 102

50 100 50 0 50 100 150
oL°1

I Electronics Support

[ Sensor I Cabling

I Cooling

— 37.7%
28.5%, 5

'0"0.5 0 05 1 15 2 25 3 35 4
Prg [GeVrc]

R. Jakel, PhD thesis, TU Dresden, 2009
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The +(4040) — D*TD*—

PID Algorithm

E 0.1
> 009"
[CA-
$0.08—
g o= m Landau
0.07;
008 m Generalized Mean
0.05
m Truncated Mean
m Median
36000
0 0.2 04 0.6 . : 1 é=;50m)7
Momentum [GeV/c]
4000—
3000(—
2000|
1000|
de . AE i o . ,
-3~ T A 0.005 0.01 0.015 0.02 )3

0.025 04
dEldx [GeViem]
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The +(4040) — D*TD*—

PID Algorithm

Efficiency for Proton
® 'Fa
0.9 A & 4 4
E A S
0.8? A
o7f —
——p 3 A —| 06F o
0.0021— " E
I L I . 0.5 A reaene
03 04 05 06 07 08 9 1 11 E
p [GeVrc] 04F-
. . 0.3E
Particle X: p, dE/dx ok Loe e
Get dE/dXexpe from 17 T
5 o q E ]
parametnzahon using p ol M L “. . x[.G.w]
lomentum [GeV/c]
m Get Probability from y
dE/dX meas-dE/dXexpe
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The +(4040) — D*TD*—

Sensor & Setup Considerations

B Active Epitaxial Layer (b)
Cz substrate

W ToPix 3

= FR4

m Copper

m Fusedsilicon

(@)

e

Julich Beam Test

Material p/Xo Thick [cm] XIXg %

Silicon 9.3496 0.0925 0.99 : CERN Beam Test .

Copper 74350 0.0474 330 Material p/Xo | Thick[em] | XXy %

FR4 167134 0.1200 072 Silicon 9.3496 l 0.0420 l 0.45

FusedSilicon | 12.2638 | _ 0.2000 .63 l g!xe: p:a"e Ng"g/"
1 Pixel plane min=~5% max=~6.6% Ixel plane ~ Ok
4 Pixel plane min=~20% max=~26.6%
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The +(4040) — D*TD*—

Alignment Study

x/y 0 Xy

_ ,4/0'0*0‘1*0‘2*0'3
Otrack — v

Triggerless hybrid pixel detector fo experiment and benchmark a 1»(4040) decay



The +(4040) — D*TD*—

m ToT=Leading-Trailing
V_ihre =-654m\ m Convolution Landau+Gaus

V_thre =-696mV|

V_base=-700mV

»
>
ToT Board1 Raw data (Assembly A) ToT Board1 TimeStamp Matching (Assembly A) ToT Board1 Reconstructed Hit (Assembly A)
2 g £
3 31800 31600
CERN x @ 10GeVic < E CERN 7 @ 10GeVic < CERN 7 @ 10GeVic
50001~ —— Threshold B1 10 mv 16001 —— Threshold B1 10 mV 1400 —— Threshold B1 10 mV
—— Threshold B19 mV 1a00E- —— Threshold B1 9 mV —— Threshold B19 mV
s000F- Threshold B1 6 mV 3 Threshold B1 6 mV 1200[ Threshold B16 mV
—— Threshold B1 5 mV 12005 —— Threshold B1 5 mV —— Threshold B1 5mV
—— Threshold B1 4mV E —— Threshold B1 4mV 1000~ —— Threshold B1 4mV
3000 10007
3 800
800-
(@) E (b) ()
2000F- 600
400
1000
200
| h L I
20 40 60 20 40 60 20 40

80 80 100 120 140 80100 120 140
ToT [Clock Cycle @ 50MHz] ToT [Clock Cycle @ 50MHz) ToT [Clock Cycle @ 50MHz]

Laura Zotti

Triggerless hybrid pixel detector for the PANDA experiment and benchmark study of a 1(4040) decay



The +(4040) — D*TD*—

udy — Scan @ Julich

ToT Trend B1 ToT Trend B2

o o
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Triggerless hybrid pixel detector for the PANDA experiment and benchmark study of a 1(4040) decay



)(4040) — D*TD*~

ToT vs Delay 45°
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Triggerless hybrid pixel detector for the PANDA experiment and benchmark study of a 1(4040) decay
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Cluster Size Study

Cluster Size vs Angle vs Clock Windows
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Study of the momentum distributions

2 - -
] s s 51
5 @ = (b) ® ©)
asf asf
12000 61 (1200 01
4= 4=
100001 oo i
35~ 35~
! sor
8000~ 3 l o0 3
51
25F 25F
6000— 500 01
2 2
]
4000~ 15 100 15
- e ot
2000— 00
0.5 0.5 {501
YT ETYTIETRUISTTY INATAR VP TETI FrrA o ben e b bea b Lol by Lol b b b b
o 1 2 3 4 5 6 7 8 a 10 3 32 34 36 38 4 42 44 o 005 01 015 02 0.25 03
a7 Ipl [GeVic] p, [GeVic]

Triggerless hybrid pixel detector for the PA experiment and benchmark study of a ¢/(4040) decay



The +(4040) — D*TD*—

Study of the momentum distributions

Two-body decay of D**/~ —s the heavier D° carries most of the D**/~ boost.
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udy of the momentum distributions

Two-body decay of D° -> Omax () =180 Omax (k) =90
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Charged Tracks

Signal 2K4r 6m 7 PP
K/~ 4.1% 8.5% 11.9% 7.2% 19.3%
nt/— 2.8% 7.4% 10.7% 5.9% 17.9%

7/~ -hard 28.8% 11.4% 22.9% 24.1% 28.0%
7/~ -soft 80.1% 93.4% 94.4% 98.9% 97.9%
Efficiency of combinatorials and background rejection.
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Triggerless hybrid pixel detector for the PANDA experiment and benchmark study of a « )(4040) decay
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PID Considerations

D° candidates NO-PID D° candidates PID
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Do 4Prong 1.9 7.1
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Triggerless hybrid pixel detector experiment and benchmark a 1»(4040) decay
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The ¢(4040) Line Shape

ZE E
200
180}~ /A'/;
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m M =4038.8 + 2.4 MeV/c?
W [=78.8 +21.1 MeV
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