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E50 : Missing mass spectroscopy
of charmed baryon

Missing mass measurement

K*& n: 2-16 GeV/c
Slow nt: 0.5-1.7 GeV/c

Decay measurement
n* & p: 0.2-4.0 GeV/c

beam

OR

50 DO

target

" +p->Y. "+ D" reaction @ 20 GeV/c
1) Missing mass spectroscopy B B
— D" "->Dn, > K n,:D > D1, (67.7%), D° > K* 1~ (3.93%)
2) Decay measurement
— Decay particles (1*& proton) from Y_*
* tagging both D* and D° to reduce background by order of 6 to 7
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High—-momentum Beam Line at J-PARGC

30 GeV

High-intensity beam: > 1.0 X 10’ Hz =~ @20 GeV/c

Unseparated beam

proton beam

- constructionin 2018
- beam line length : 133m

Spectrometer




Spectrometer

High-intensity beam: > 1.0 X 10’ Hz =~ @20 GeV/c

Unseparated beam

High—-momentum Beam Line at J-PARGC

0 deg. ‘(Neg.)
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Spectrometer design °

Magnet pole 1
Beam || Target
L —
\\
Magnet pole T

« Forward + Internal detectors (0 < 40° )

— D" detection by forward detectors
e High-momentum K* and ©~: Forward detectors
« ©~ from D™~ decay: Internal detectors

— Y_" decay particle detection
e Horizontal direction
e Vertical direction
= Decay measurement: Both pole and azimuthal angles



Spectrometer design 7

A/* decay measurement

MaI‘t pole g
&

Beam

e Forward + Internal detectors (0 < 40° )

D* measurement

— D" detection by forward detectors
* High-momentum K* and = from D° : Forward detectors
« 7 from D™ decay (soft pion) : Internal detectors
— Y." decay particle detection
e Horizontal direction: Internal TOF counter
e Vertical direction: Pole face TOF counter
= Decay measurement: Both pole and azimuthal angles
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ESO: AUSH)L7afR—y)LE
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2m FM magnet

Ring Image
Internal TOF wall | t— /| Cherenkov counter
h----""‘—-_._____‘_-_‘_‘ .
Internal DC~

Beam gas LH2 target

Cherenkov
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K=|=
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target B A DR F5 9

Scattered particle tracker }

Time zero counter (TO)
— Reference timing for TOF
— RERS 77 f#HE: < 100 ps(rms)
-3mmiigl v F L —A& +3 mm MPPC

Beam Tracker
active area
:10cm *10cm

- hit rate : 30 MHz

Time zero counter

LH2 target : 57 cm

Scattered particle tracker
active area

:60 cm * 80 cm

- reaction rate: ~2 MHz



ERMYX TR ES (FRET )
ESO0: AU )L7atr—H)L=E

< >
2m FM magnet

ERIRIRIZ
VAV AM)yTiEH2S (SSD)
(|—11_L%/\ﬁ743=ﬁ§

SUFL—TA T ITTAIN—
R 2% (S 57 i Ae

~1nsec)

E— LDEENEBITE
Ap/p~0.1% @ 20 GeV/c
R TORME S R RE
Ax (y) < 500 um

AELALFDES =R E
Ap/p=0.2% @ 5 GeV/c

Ring Image
1ternal TOF wall T Cherenkov counter

Internal DC

LH2 target /[l [®

K=|=

530 N

\/

Fiber tracker

TOF wall

Internal TOF wall Large DC

-
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Fiber Tracker .
Scintillating fiber tracker |
. - 5=0.78 1s
% J-PARC beam: time structure - sl
. . - Efficiency 98%
= Narrower time gate is more ——
essential to suppress accidental hits. — ) Time [n3]

DC1.5-mm DL

— E50: 30 MHz @ 2 sec spill

* Requirements
— 1 MHz/1 mm fiber R
— Tracking efficiency: ~99% S
— Thin material thickness

E10: 12 M/spill (6 MHz) beam

 Beam tracking

* Target downstream tracking
— Detector design
— Simulation study
— Readout electronics development




Fiber tracker izt 4/ 14 ’

X (BEIZI7M/\—%ED) UM (+30° {EIFTI7M/\—%ES)

T A

100 mm 100 mm
v
7Z7AIN— ;100 mm ] ZV—A 100 mm |
l VH (-30° {EIFTI7M/\—%5ED)
100 mm
_
v

100 mm

E& 1mm (300 umDBiRET ) C%
2BIRIEH

] . BRI AkETSY I — N TCHELTHEXT B

«  MPPC #AH L% ESIROC board (cf. &% & AZEH)
MPPC B U #1385 (I3KkEIZIE CITIROC/PETIROC chip board B & # %)




HEROYE ] i

=0 2RITTTz=0IZHIZLT=EZD
31 & 77 fE BE
2.2 2.2
o725 + 052
O'(Xo) _ \/ 1~2 271
X0 2 — %1

(cluster size in x-axis ~ 1.5)

g < L
~0.40 mm (z1=40 mm, z2=370 mm)
redundancy M AETE?

z=0 - remove ghost track

b

(target)
L2 (22, 02) L1(z1, o1)

8 & (T /h<L1=0y
(774 73— L TDreactionHh
event ratex L IT571=6 )



Fiber design work 14
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ER; YT 2R (RET )

- Fiber tracker B TH— L BIZDEE = 77 fF e

(Ap/p~0.1%) [XI1ZFERK
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SRRy TSR (SSD) X
- e

Single Side Strip sensor ZAPV25-s1 (developed by CMS collaboration) Caed+HiL .

— T

E10 (FIEFIBEITLE /N /13— 1ZEER) E07
| —— : (ZRILaAvIZ&BDT T ILINAIN—RLZEER)

active area
7.6cmx7.6cm

strip pitch
80 um

strip pitch
50um

H. Asano. K. Tanida et al. Developed by EO7 collaboration
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)V ARN)YT(SSD) F

APV25-s1 chip A X

CMST IL—T H B % X
-128chM &R HH L X
-multiplexerlZ&Y )7 ILIE X [25ns
R EEHT AN AT BE . -

o

B (clock cycle B i)

EIOCERAINT-HDT

el AERE 3 nsecZxE K SR HEORE — —
(ref. R. Kiuchi, H. Asano et al. ghost track =

NIMA763 (2014) 399-403) \

o)At —OERES REE
+APVIZ KB E 5 iZEE
< _L
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SSE{:{} SSD(x’)
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IN)aAVAM) YT (SSD) FE
BAPV25-s1MD{LHR& . streaming DAQ EDZATYF

Analogue
pulse - MUX P
shape stage
processor T ©

(prog. gain)

T
Low noise L’ LI ﬂ—l—|—‘
charge 50 ns CR-RC

preamplifier i _\-.__L_‘x_
Analogue shaper
. unitary gain A1 T 128:1 . .
inverter 1 192-cell MUX Differential
— analogue Il current
pipeline S/H .:: O/F stage
el ~ -
C— - - - ) o
..
b T
—
& + o

Fig. 1. Block diagram of one channel of the APV25.

ref. NIM A 466 (2001) 359-365

-analogue pipeline &L D AN ring buffer (2> TWVT, SN DR H—
MBE, T3 )7 IELTERE,

NER)H—DO N EH é 9 streaming DAQ® B8
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)V AR )T (SSD) E

ESODTHAUIZIYTFIT5HELM

- self-trigger RIREZZE D

- SEE 2R

%4, EFDHREFZRED,
- FSSR2 (BTeV, SuperB @INFN, CLAS12@JLab)
- n-XYTER (EU FP-6 NMI3 project DETNI@FAIR)
- STS-XYTER (CBM@FAIR)
- VMM (LHC-ATLAS upgrade)
- PASTA (PANDA)

or Ft-IZASICERIF -
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2R, YXTBHE

0(107) Hz MDC beam [ZX LT, WREFEZA FHRIEH 3T
- EEDE

- BL—kitE

- ENENAFEE

- EMEE

- scintillating fiber tracker + streaming (trigger-less) DAQ [Z& %
readout

- Streaming DAQ (=%} it L7=SSD

- Streaming DAQIZXf I LT=MPGD 7



FEH

Fo— LN\ D HEERDT=-HD
ERND =2y R zs DB F

Ui

- High rate (0(107) Hz YD E — LRI

Fiber tracker + streaming DAQ D G ¥ % F &
Silicon Strip Detector Z A5 _EIZkD. FBEK
FoYER T BT AEETIERTP,
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baryons with heavy quark (Q)

/\

Heavy baryon quark model

“Cloud of light quarks q q
and gluons” .\.
(Brown Muck) |

- Bare Heavy quark (Q) is already good “constituent” of baryons.

- color-spin interaction between quarks o< 1/m;m,

‘ sheds light on diquark correlation inside baryons



Charmed baryon spectrometer

2m
Internal TOF FM magne}

Internal DC \
g

PID counter

Ring Image

_-_[ - “‘-_.~ Cherenkov
“”"" e ] Counter
LH,-target - ] |
l

Beam 1t~ \

{1 T i
L I ()

Beam
RICH

TOF wall

Fiber tracker K
Muon

Pole face - - detector
detector

Acceptance Resolution
— Momentum: 0.2—20 GeV/c Ap/p=0.2% @ 5 GeV/c
— 2
— Angle: < 40° AM, .« = 10 MeV @ 2.8 GeV/c

= D": 50-60%,

Design for realistic layout is under progress

Decay particle: “80%
* Wide angular coverage
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Prototype of Scintillating Fiber tracker
“ Scintillating Fiber tracker :

- will install upstream and downstream of
target

- tracking beam and scattered particle under
high rate condition ( ~ 6 x 10° Hz)

-~ 1 nsec time resolution

- 300~400 micron position resolution
producing prototype and will test in this summer

Flat cable

Readout
modules



Counts/5 MeV

Expected spectra (simulation)

400 _
350 Simulation

:LQT )
300 o 3
o QP
250 < < 3
— (o))
200 o )
o O
150 S <
NU

100
50

92723 24 25 26 27 28 29 3
Missing Mass [GeV/c?]
~ assumed : 100 days, ( total efficienty = 0.5)

* A.(g.s.): 1 nb production cross section
— Production ratio for excited states

Known Mass & Width in PDG

* Background level and reductions were studied by JAM.
% Achievable sensitivity of 0.1-0.2 nb: (3o level, I" <100 MeV)

by tagging both D* and D°
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detector R&D 7

Focal plane detector
— Focal plane region

— Beam momentum analysis
* Position and angle

Beam tracker
— At the target upstream
— Beam tracking

Scattered particle tracker
— At the target downstream
— Scattered particle tracking

Time zero counter
— At the target upstream
— Reference timing for TOF

i

4 = y

gk [
0 B

VA RN =
- = & %h N Experimental area |
= W‘ W‘ :W ol o L i :

I I T e R e

Scattered particle tracker

N

Beam tracker

Time zero counter




trigger-less DAQ system

Detector Buffer,
FrontEnd Electronics  Load balancer

local
Filter storage

TOF { e f
Fiber —>| Pc k<
N spill-by-spill
switch
RICH e K
DC HI PC
10G/40G Ethernet
- InfiniBand
Xilingk MGT

1G/2.5G/5G/10G Ethernet

T {fj ;| PC
\ ll,-“
I|II - /

- | s llll."

\ ) ;

Monitor

PC

KEKCC
RCNP

28

- Conventional way :
-- need Hardware trigger
-- need specific module
- No flexibility for byproducts

trigger-less DAQ system:

- events are immediately reconstructed and
selected in PC clusters during the data taking.

- High-speed data taking

- flexibility for byproducts measurement




ES0

Byproducts

- large acceptance spectrometer & trigger-less DAQ system
enables to measure many byproducts

" Baryon with strangeness

* Ybaryons: Yield =Y. X 10*
— T +p> Y +KSL
— T +p—=> Y0 +KO
— T +p>OY +K*
— T +p>0Ot+K-
* X baryons: Yield =Y. X 10°
— K +p->E0+K™
— K+p->E +K*: (KO +7")
— W +p>E +KO+K
— T +p—>E +KO+K*
* Qbaryons: Yield = Y. X 102
— K+p>Q +K2+K*
— K +p>Q +KO0+K*

Drell-Yan process

- Ttp2ntput+p
- K+p=>Yo+pur+pu

Penta Quark (P,)

n +p > PO (cc,,, udd)
-~ +p>PP>I/y+n
-~ +p>PO>Y "+ D"

...ahd more ?

29



S/N ratio
Background reduction

——TJotalreduction=112-X.434-%43~) X 10°
e Event selection: 16

e Signal: 12 nb (1 nb X 12 states)
— B.R.X0.026 = 0.312nb
— Event selection X1/2 = 0.156 nb

 BG:2.43 mb ((K*, m~, n) final state)
— 0.081 nb
= S/N = 2.1 for D® and D* mass region

S/N estimation
e Signal: 12 X 1000 = 12000 counts
e BG:12000/2.1 = 5700 counts
= Mass region: 2.2-3.4 GeV = ~5 counts/MeV
= S/N =1000/150 ~ 7
— 30 MeV region: 150 counts
e S/VN=100/v1000~3
— Signal: 6=0.1 nb, I"' =100 MeV: = 100 counts
— BG: 200 MeV region = 1000 counts

30



Fiber trackers in simulation

* Focal plane tracking
— Areasize: 120 mm X120 mm
— 1 mm fiber (single fiber layer) X 100 /layer

— 12 layers (xuv,xuv,uvx,uvx), x(0° ), u(30° ), v(=30° ): 1440 ch in total

— Ax =200 mm(rms)
— Layer spacing to beam direction: 30 mm

 Beam tracking
— Areasize: 120 mm X120 mm
— 1 mm fiber (single fiber layer) X 100 /layer

— 12 layers (xuv,xuv,uvx,uvx), x(0° ), u(30° ), v(=30° ): 1440 ch in total

— Ax =200 mm(rms)
— Layer spacing to beam direction: 30 mm

 Target downstream
— Area size: 600 mm X 800 mm
— 0.75 mm fiber (single fiber layer) X 800 /layer

— 12 layers (xuv,xuv,uvx,uvx), x(0° ), u(30° ), v(=30° ): 9600 ch in total

— Ax =200 mm(rms)
— Layer spacing to beam direction: 10 mm

Total: 12,480 ch
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Magnetic field: ZX plane(Y=0)

— 300 ;
E -
2' |
"] ..
c
200
g 200¢ —0.8
s T
o |
a N 0.7
100—

B —10.6
_— los
Beam |

B —0.4

100
B 0.3
i 0.2
200
- 0.1
- _I | | | | | | | | | | | | | | | | | | | | | | | | | [
300 200 -100 0 100 200 300 ©

Position Z [cm]
e All trackers in the magnetic field
* Detector positions are determined by keeping the maximum acceptance.



Spectrometer design 33

A_" decay measurement
 Downstream tracker

* Internal chambers

* Internal TOF

» Pole face TOF detector

Dipole Magnet

Beam measurement
« Beam trackers
« Beam Cherenkov

D* measurement

! « Downstream tracker

* Internal chambers

* Downstream chambers
« TOF wall

* Ring Image Cherenkov




Backgrounds

1. Main background
— Strangeness production: (K*, -, ") in final state
— 10° time higher than charmed baryon production

2. Wrong particle identification: 30% of Main BG

— Dominant cases: (¥, n-, ©.°), (p, T, 7,")
* Miss-identification of K*

3. Associated charm production: D*-

— Highly excited D*  Contribution (peaking or not)

— DDy, pair checked by analysis
— Charmonium

34



SFT Round Fiber type (P=1 mm ) (new) 35

=~ 10 fibers x 2 sublayers x 12-layers
(x, u(30° ) v(-30" ))
(x,u,v,X,u,v, U,V X, U,V X)

- fiber length : 200 mm

\

r

10/14/2016 E50 tracking meeting



