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Research of high energy physics in China

CSR External Target Experiment:
Based on the HIRFL-CSR, a high
performance spectrometer system
is proposed to be built at the HIRFL-
CSR external target experiment
terminal.

Neutron Wall Drift Chamber Array

External Target K

Dipole Magnet

subsystem :

Target Point| | 1) silicon detector at target point

2) TPC

3) TOF (MRPC)

4) forwatd tracker (MWDC)

TPC 5) hadron calotimeter (neutron wall)

MRPC
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Structure of MWDC

planar structure:

wires angle: 0° , +30°

sensitive area: 320mm*420mm

distance between anode wires: 20mm
distance between field wires : 20mm

anode wires: 20um gold-plated tungsten wire
field wires: 100um Be-plated copper wire
working gas: Ar/CO2 =85/15

¥ [em]

20mm
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Equipotential lines distribution simulated by Garfield ++.
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Input

Pre-Amplifier

4) high energy resolution
5) high signal noise ratio

Common-Base
L Same-Phase Power Output g)UtPUt
| Fan-out P
Emitter . Pole-Zero
Follower Blocking Cancelation —l
Invert-Phase Power Output I:r;vert Outeut
Fan-out P
VOCNVEE |— $ $
Design of Pre-Amplifier: I
1) low power dissipation i LT
. . . . ™ L i——
2) high gain and wide bandwidth
3) high time resolution T
I T
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Sampling the whole wave forms of detectors to
get the time an energy information and analysis
events with complex ware forms.

Detector
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Digitizer

Algorithms

ACCARSITION WINOCW

Flash-ADC Data Acquisition system (DAQ)

Waveform
Energy
Charge
Count
Time

Memory Buffer
TIME STAMP

LN ol LN
LTS i =

FRE I PORT TRIGGER o

[ | [ |
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DAQ architecture

CAEN-V1720 module
ADC: 12bit = D=
Dynamic range: 2Vpp = Is_c'::..l.::.r_o I u.se
DC offset: +1V ; Pulse 3_|—}
Sampling frequency: 250MHz - Is_l“w""” : V” \‘" >°—
Data transmission: 80MB/s 3 l’/_D—
/

// ,” \\.
Clock signal is generated by I | ]
the master and transmitted to oy NTb viz20 v27is

the slaves. Trigger signal is the
coincidence of the four PMTs
and transmitted to the slaves
through the daisy chain.

= PCI-A2818 I—

OPTIC

o
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DAQ clock synchronization

o

/
—_——— — — — o ——— —_ vi72o , V1740 V4720

Open LVDS-I/O;
Output VETO=0;

Test the time walking between
different boards using a test
pules. The sigma of the time
walking distribution is 128ps.

Inhibit Master EX-TRG;

TRG-OUT Source: TRG_IN + SW-TRG,
TRG Source: TRG_IN + SW-TRG,
Start Mode: TRG;

Start Delay: 4ns;

Force CLK Sync; .
Send SW-TRG, Start DAQ; Acquisition
Active Master EX-TRG, Loop

Output VETO=0; |

7% I ndf 108.4/29

Constant 136.2 £5.3
amma B o e e o
2200 E 150 L 63.93 £ 0.00

Mean

2000 Sigma 0.03209 + 0.00078

1800 n
1600
1400
1200
1000
800
600
400
200 M
oF ! 1 ——

50 1(IJO 1%0 200 2;0 : %:3. I I6I?: 5 : I64. ' I6I4I_ ;SI ' I65
time/dns e ) .
trigger time/4ns

100 [ Slave clock

50

amplitude/channel

L LR RN AR R LA LA BRI LU LA L A |

Losalonslonalanslosalosalonalonslosslessl
count
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Digital filter algorithm

I
L

RC-CR
shaping net

Derive the digital filter algorithm according
to the transfer function:

1) RC-CR shaping net;

2) digital active 2" band pass filter.

Deduce the energy and time information
with the filter output waveform.

Digital RC-CR shaping net recursive algorithm:

A
Y = ———[Z(1-eT/m)y () — 2 (1 - e 7/2)y, (1)
(k) = —x(0) + e /iy (k= 1), yi(@) = D
Yil\k) = ‘r,-x e Vi » Yi\O) =T T/

4
Digital band pass filtet:
1) transfer function of analog filtet:
As/w
H(s) = s/

1 +T+ (s/a))z

2) transfer function of digital filtet:
1— e *T(cospwT + %sinﬁooT)z‘1

1—2e 2T (cosBwT)z™1 + e~ 2a0Tz-2

12— T1

H(z) = AwT




o The CFD waveform is the sum of the
nvert
ot P delayed waveform and the inverted
and attenuated waveform:
e y(k) = x(k - d) — yx(k)
! Mtenuated Input Pulse
\. -
’ | % 100 FHiming)
: Resulting Zm-tn:ﬁ:: :5 0 L ‘
| ()] L
l O R T S S S
| = —-100 F — BP-Wave
. reY --- CFD-Wave
E_zoo-....|....l...
© 0 100 200
time/4ns
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Track finding algorithm-Legendre transformation

Yy

Legendre transformation of the upper-half and lower-half
part of a circle.

£ :
: fi(x) = yo + VR? = (x = xp)? E 4OF
f(l’) — % - _ /

fa(x) = yo — VR? = (x — x0)?

gi1(p) = filxp) — pxo

LR P’R
= Yo — pxo
sqrep*+ 1 ([p2 41 AW
. . 01 02
=yo—pxo+R\p*+1 p

Find the common point in the Legendre
space to get the common tangent line in
the x-y space.

g2(p) = falxo) — pxo

=yo— pXo— R\/p*+ 1
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Analytical solution for track reconstruction

Use Least Square method to
reconstruct the track in the
projection space.

g = Kizi +bi—yi
y=az+b Yy

k; = asiné; + csin#,

xX=cz+d

XY =R-1-A¢9)"(R-1-Ag)

g = ATAYTAT(R - 1)

b; = bcos#; + dsin#,

yi = (acos¥; + csind;)z + (bcosd; + d sin ;)

J
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Beam test

Beam test is done at the E3 Test Line at IHEP. The
beam is guided to the test hall through the E3 line.

e ————

-S.inrw Pesitren Line

Eastern Wall

E3 Line

s - TO LINAC

Experiment Hall No. 10

—_

POWER SUPFLY

Beam momentum: 400MeV/c, 500MeV/c
Particle: proton, pion
Count rate: ~100/min
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Beam test

Working photos
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Data analysis

TOF has a time resolution of 600ps.
Select single proton event to analysis.

800 [

N

LN

o

o
|

L

-

time of flight/4ns

22 indf 34421167

Constant677.7 + 14.3

MPV 2426112

100 =

Sigma  37.14 £ 0.62

50

200 400 600 800 1000
WireAmp/channel

0000

5000

0

2
' 0
600 800
QpmtO

200 400

— 800
-
=
Q.
O 600
400
200
I | —_—
—2 0
¥2 I ndf 2050/ 26
B Constant 9155 + 34.4
Mean 212.4 £ 01
Sigma 47.78 £ 0.11
0 200 400 600 800 1000

Amp/channel

Use truncated mean method to get
the energy resolution of the chamber.
The relative energy resolution is
22.5%,
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the space-time relation

x2 I ndf 470175
Z - p0 4.319 +0.348
150 -
L p1 140.9 + 5.1
p2 96.64 + 14.55
100 | p3 1.968 + 0.163
p4 1+£0.0
50 |
0 [ J 1 1
0 100 200

DriftTime/4ns

N=B+A

Function that used for fitting:

e—t/Tl

1+ e(t=T0)/7

Fit zero point of drift time distribution and get

¥2 1 ndf 306.3 /150
- 2.243 + 0.169
80 |-
r 71.24 + 3.83
i 0.01306 +0.00212
60 -
r 45.39 + 0.41
40 L 1400
20
|
e [
£ o}
w =
5 -
! 200
time/4ns

Get the space-time relation by integral
the drift time distribution.
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o
¥* I ndf
Constant

Sigma

Tow dimension space resolution

% I ndf
Constant

Mean 0.03502 +0.00484
0.1934 +0.0052

0 2
residual/mm
Y27 ndf
Constant
Mean 0.02136 + 0.00472
Sigma 0.1895 + 0.0052
I—

0 2
residual/mm

Sigma

Mean 0.01497 +0.00894
0.3149 +0.0099

Do track reconstruction
with data of wires in the
one direction.

0 2
residual/mm
+* I ndf
Constant
Mean 0.02545 +0.00333
Sigma

The tow dimension
resolution is 226um.

0 2
residual/mm
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Do three dimension track
reconstruction. The resolution
is 368um.

Three dimension space resolution

2 I ndf 102.8719

_ Constant 256.8 £ 6.3

=z Mean 0.00809 + 0.00742
300 N Sigma 0.3677 = 0.0058

200 F

100 |

| - L I L 1 L

4 6
residual/mm

1_ > ’ > 0 >
O =070r YOSTR Y OT, T OTiniing TOT T Togeen T Tpag

System errors:

TOF error orgf: 30pm

STP error o¢rg: 100pm

DAQ clock error o p4q : 1.6um

TO error opf: 10um

initial resolution o7yf: 100pum
mechanical error o,.;: 335um
Timing error: 50um




summary

® A MWDC array is built and tested.

® The Pre-Amplifier is designed.

® The DAQ is developed.

® Digital filter and track reconstruction
algorithm is developed.

® The current space resolution is 368um.
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