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R extension: 600-1800 mm; Length: 5800 mm

Cell size: ~ 18 mm x 18 mm; 64 wire layers and 26483 cells
Ratio of field wires to sense wires: 3:1

Gas mixture: He/iC4,Hqo = 90:10
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Particle M‘(’(’;“:V"/tc‘;m Run HV (V) Gas Mixture Freqizr:f;i?gsps) S;L“ﬂ""g:f’ Cha'z:gp[)’e'ay
2 Data0046 1745/1795  He:iCyH1=9:1 1.3 1500 100
4 Data0023 1740/1790  He:iCyH1=9:1 1.3 1500 100
6 Data0032-0033 1740/1790  He:iCyH1=9:1 1.3 1500 100
6 Data0034 1745/1795  He:iCyH1=9:1 1.3 1500 100
- 8 Data0035-0037 1745/1795  HeiiCy4H1o=9:1 1.3 1500 100
10 Data0038-0040 1745/1795  HeiiCyH1o=9:1 1.3 1500 100
12 Data0010 1740/1790  He:iCyH1=9:1 1.3 1500 100
12 Data0041-0043 1745/1795  He:iCyH1=9:1 1.3 1500 100
- 6 Dat[;?)?g??-%%m 1725M1775  He:iC,H,;=9:1 13 1500 100
10 Data0053-0059 1725/1775  He:iCyH1=9:1 1.3 1500 100
T+ 10 Data0077 1725/1775  He:iCyH1=9:1 1.3 2000 150
6 Data0079, Data0082  1725(1775  HeiiCyH1=9:1 1.3 2000 150
“ 10 RaEis 1725/1775  HeiiC4H1=9:1 1.3 2000 150
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Noise Distribution
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Amplitude Distribution
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Signal to Noise Ratio Distribution
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> Noise RMS: 1.61 mV
» Amplitude: 30.12 mV
» SNR: 19.04

» Charge: 1.89 pC

» Risetime: 1.12 ns
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start_timestamp = &4 run 7R 4 SRAREE— TID XITFETZR (17 (] oo b o) 111 | 0o ] e

BURSRASR TR T o | L) e ) e o

> AR IR B R RIR B A — R B R Al i Sy

duration = end_timestamp — start_timestamp @B trigger_id FoiESITTERE BILZIE/R timestamp JIFTHIZE
global _max = max(duration_i)

A Y j:':‘
> HEE—RIRIETERS: O Suzsaie
scale_i = global_max / duration_i > [EEEBAERKIEINNNTREIZINEE, HWIRSEE
> XEHRIRAIR NI —L: R [BfRIFAT B
normalized_ts = (original_timestamp — start_i) * scale i/
10000
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Average FFT Amplitude of Noise Waveforms
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Average FFT Amplitude of Neise Waveforms
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O SliHk
> M 100 : SERFE (0, 100) MHz SEEIRNRY FFT
IBE&AE
> XF 100 > 0.6 {EAFIMTIIE, FEIHEHITFLA
PR, &Zimikfe, Pion EHIRIRENE/ 62.6%,
Kaon &9 90.0%. LtIMEAKEIL, Pion Efl+
(SR 77 B2 2T Kaon 4

max_noise_fft_amp max_noise_fft_amp

Pion 10 GeV - Kaon 10 GeV
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Drift Time Distribution Layer 2
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dE/dx Distribution

MRER AR R

dE/dx Distribution (Truncated Mean)

Entries: 5439 160 4 Entries: 5439
175 Mean: 102.557 Mean: 84.198
Sigma: 8.263 sigma: 3.852
150 0 1 83.969
o: 3.777
120 4 A: 143.341
125 x2/ndf: 46228
i 100 A )(1[2; - 140 160 T e 70 75 BodE/de:i) c/m]ao 95 100 105
BIEL (%) 10 15 20 25 30 35 40 45 50
v 89.445 | 86.533| 83.969 81.624 79.412 77.286 75193 73.126 71.000
o 4088 | 3.894 | 3.777 3.698 3.639 3.603 3.571 3.558 3.595
DR (%) 4.57 4.50 4.50 4.53 4.58 4.66 4.75 4.86 5.06

REEI ISk gl

Pion 10GeV

> 10 GeV Pion £ 15% K
UL, F 1 m 28
HIER{ dE/dx 2HER
4.5%
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» “INSHIUEEX

> ETFSHNSESENRESRELTARHE, BEHIM—MSEE
SEYIRERERRIESIE, FIENTH SR, LIFERIRT
REIREGURIE

> REAESLIOEE, MASRBRSCISEN, LMETXISEI R TR,
ZIEE R LSCH

> HEBIERNRBIRENRE, BRI FHRIRAIRIE

: i R 5

Algorithm 1: Derivative algorithm. n_peak Distribution
Data: Waveform with n bins (Fnput[1,....n]) A00;7 R
Result: A list of detected peaks (Output) Mean: 1845.481
1 begin Sigma: 144.952
i g‘;f[:‘l"]” *_095 Comp. Phys. Comm. 300
=\
a | DI —o0: (2024) 109208
5 Int[l,.. n]+«—0;
6 fori+«— 2 tondo ﬂ
7 if I'nputli — 1] < T, then continue; JE
8 DI1[i] «— max{ I'nput[i] — Input]li — 1],0}; w
9 D2[i] «— max{ D1[i] — D1[i — 1],0};
10 if D2[i] > 0 then
11 | Inili]«— Inili — 1]+ D2[i];
12 elseif I'ni[i — 1] > T, then
13 | Output «— OQutput U {i—1};
14 end
13 End 1400 1600 1800 2000 2200 2400 2600 2800
16 end n_peak[/m]
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&I?)riifl;’tijr;igon M‘gd_e:[ Analog }» A/D e [iFiare| sl Noise _{ Digital }
— — % Waveform Converter RIS Generator Waveform
DC (> Heed *[Ionlzatlons Amplification y 1 A TIFFT
Pulse Transfer Function Freq. Response
Template of Preamplifier of Noise Events
O ERERSTHEH O Z TR
> YIRFIRKEBE: BT Garfield++ BY Heed > F—PEIT B n 17 x m FIRNZBITEs
> BRKPSEL: 1BE (Polya 07fp) , BIE (x-t X&) | > TEX DCHTrack 35, ®&iKRH
B (R FZRRER) (HitWaveform) . BE4S (HitLayerlD) .
> BURY: 1E s B ERRENTRI TR (ILT) BItmS (HitCellD)
> BFFIRRE: XUEIREMREERTTETR (IFFT) > HBIBCE: 8 x 5%, SRR ITEME

£ERK [
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drift time drift time
{2

O Garfield++ Bt B SS#GREY
> £ Garfield++ FEEFRRIIAESE (B;xR~S 12 mm

x12mm, 817 x 5%, BFE1775V)

> BEMEEE: BESHBEENESEEFZHIRE, Drift time = g(x, y) Drift time err. = h(x, y)
amplitude = f(N,.); EBATEE X-T XRLEH, drift Data MC
time = g(x, y), drift time error = h(x, y) i

IEEE4ERK (BT Parseval FEIE) ﬂ ﬂ
> MCUEERAURIE IR, sk, 0 e T TN b
Data I27= ,ufﬁla MC U;“.%Fn S

B0, E¥EPoEdie, #WESLEE&RM
> BfiE -+ Datalf£/E: mean =-1.330, std = 1.963

> I3 0F0 N2 SIREEZIEE, K IFFT B30t . MC IE5: mean =-1.357, std = 1.954



Institute of High Energy ®hysics, Chinese Academy of Sciences

» =R

O BECETR
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> BHEFIIEELE: Ramp = Adata / Auc
> SRS RIATRZ REMER RS Phog =
- X" ) Hehx y SEINEE
JZ( SN R
1 MC RYSTUEIMAL, m,. m, AH(E
O [54ENF
> FAEEIRIEENR S B ERERIETE
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> ERERRIMRNNERIAE, BT dN/dx AT LURFHERER) PID 1488, J9%UE dN/dx 73i%, £ CERN
T9 b RSN, KRN TK. . pFESRFER

> R EIESITIEEHTH, SENERIEE. BNEMSR. JE. RTERE, NSIES

> EEWERERIERRAUERT TEF SR, RESETEMRSITSEIESE, LS4

O RETAFiTL
> FRIRARNA AR ELS SRR, SR GHI THEMAEES
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M Mean decay
L distance .
Maximum momentum (GeV/c) 12
[MeV/c?] [m/GeV/c] _
2 oy | B | B 0.511 Ty Production angle (mrad) 0
5y Muon | p | te | 1056 2.2x10° 659.6 | 6.3X10° | P — e*Vevy (100%) Beam length to ref. focus (m) 55.8
Pion n te 139.6 2.6x10°8 7.8 56.4 m— PtV  (100%) Beam height above floor (m) 250
Kt — v (63%)
@ K | te | 4936 1.23x10° 3.7 8.38 A Ang.acceptance Horizotal (mrad) +4.8
S Tl (289%) Vertical (mrad) +5.8
Q 11 KOS —y 11910 (30.7%) )
i = | Koo il e e T (652 Acc. Solid angle (usterad) 87
s KO | 0 497.6 K, — e Gosn
= Ko, |5.12x10°¢ | 15.34 34.4 T Theor. momentum resol. (%) 0.24
U - o,
= e (12.5%) o
proton | p | %e — e Max. momentum band (%) +10
S | Lambda | A | O | 1156 2.63x10° | 0079 | 0237* | N —pm (639%) Magnification at reference focus 10,12
~
§ Sigma | I* | +e | 11893 8.02x10™ | 0024 | 0068 | I*—pm® (5157%) Protons on North target ~2.5 101
Hyperons L | s -10 * T —onTr 84% :
ypero 3 e 1197.4 1.48x10 0.044 0.125 )3 nt (99.84%) Max ﬂux (depend'ng on p1 Q) 106

(*) for 10 GeV/c
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% The T9 Secondary Beam at CERN

Estimated maximum flux in positive beam Estimated maximum flux in negative beam
1000000 e~ 1000000 ‘
———Tetal_ —_
) 1 o stall
£ 100000 % igbope TiOtaI'
: _g ‘ > Beam rates
- E . . :
c o P » For wide open collimators, i.e.
Q 3 o -
o) o) K
%_ 1000 _05;- Ll o e s s s =y dp/p ~ i75%
% ES
= I | === R e S S R e e R 3
= 100 . I I 100 ; T T T . T v T . 1
0 2 T R 0 / 2 4 6 HERN
T9 Beam Momentum [GeV/c] T9 Beam Momentum [GeV/c]
., Composition of positive beam Composition of negative beam
- o
0.8-. aad_ iy
E 0r] £ .. » Beam composition
s o5 g .. » With electron enriched target
2= 5o .
g o1 £ o2 (otherwise e* strongly reduced)
E 0.2-. E n.2-
01 -. & - ) Cr. . HUNINY SamweTa— 0‘1 T : K_
004 : T . Y v T . ; v | 004 ; . pbar :
0 2 4 6 8 10 0 é .; ’ é ) é ) 1'0
T9 Beam Momentum [GeV/c] T9 Beam Momentum [GeV/c]
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» Crosstalk source identified: originates from
cover plate (ground) G
» Solution: use connections that bypass the | AN AN
cover plate | | | = = e

» This connection method reduces crosstalk but . . *_ _ Cover
. ] ] ; ense wire  Feedthrough | Connector Capacitor plate
increases baseline noise. Thus, an effective board
noise reduction approach is required . =~ = N . e !
Old capacitor board test:
» Outputs directly connected to preamp inputs "~~~ T T T T m e mnmmmm e m e
(no cover plate path); board not grounded
Connectors

separately. Baseline noise: ~several hundred e
mVpp E — Pre-amp

> To provide a ground, a coaxial cable $ $ ¢ V
connected the output to the cover plate. With 5 el e 01 (Connector . Capacitor
channels grounded to the cover plate, noise
on other channels dropped to ~13 mVpp . o e s e = — — — — == TS e - == — — ;
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¥ Tests for crosstalk

New capacitor board test:

» New board design: 4-layer PCB; larger copper area; added 250 Q resistor for impedance matching
» Without dedicated ground: noise ~26 mVpp (significantly lower than old 2-layer board)
» With ground (pad connected to end panel): noise ~15 mVpp (best case: 11 mVpp)

Shielding test:

» Adding a shielding box around the preamplifier had essentially no effect on the noise
» Shielding the cable between the preamplifier and the prototype reduced the noise to ~6 mVpp.
However, the test results were unstable, and further testing is still required

Measure Current Mean Min Max Std Dev Count

A(11-2%) 68ns 923.54ps  -65bns 1.006us  82.542ns 2.302k
6.3mV 6.7040mV  5.3mV 9.7mV 594.10uV 2.302k
5.6mV 6.6630mV  5,3mV 9.7mV 622.83uV  2.302k
>56MHz ~ 21.870MHz 1MHZ 56MHz 17.906MHz 877

]
Current Mean Min | Std Dev Count
. 8ns 8.0000ns 8nsj 1
6.3mV 6.25006mV  6.3mV
5.6mV 5.6256mV 5.6mV
>56MHz , ]

PR-PRIT); B.3mV Freq(l) > 56Nz

-@Sorce 1 Select Measure Settings Clear Meas |  Statistics
1 Freq Freq ~ ~ .
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» Simulated data and experimental data

Channelo: cell 2_2 Channell: cell 2_3 Channel2: cell 2.4 Channel3: cell 25 Channeld: cell_2_6
5 5 40 - 5 5 4 y '
04 04 20 4 o 0 1
=1 =3 09 #5i) =5 T T T T T T T T T T T T T T T L T T T T T T T T T T T T T
T , . T . r T : ; T : , ; : T T I3 A g S SR A A A S S A S A AR A SR A A A R A A A
0 500 1000 0 500 1000 0 500 1000 0 500 1000 0 500 1000 Channels: cell 3.2 Channel6: cell_3_3 Channel7: cell 3.4 Channels: cell_3_5 Channel: cell_3_6
5 5 5 4 o 2 i N ]
5 i i £ ]
o 04 20 0 04 £ 1 10 l
& &1 & ]
54 -5 o -5 -5 4 - | .
: : : : : : : . . : : T : . : gy gy g g e Y g g R O R A A N -y gy A U
0 500 1000 0 500 1000 0 500 1000 0 500 1000 0 500 1000 Channel1o; cell 4 2 Channei1y: celL4 3 Channel12: cell 4 Channel13: cell 4 s Channel1#; celL4 6
5 5 5 5 b ] R ] |
.4 5
o o 20 o 04 0 iR ] ]
[ | ! p |2 L
-5 - -5 - o4 —5 -5 + | o '
: . : : : . : T T : T T : T T ToL TorIiorooi ToroloIiororoni TorroooronL LI oToTonL
0 500 1000 0 500 1000 0 500 1000 0 500 1000 0 500 1000 Channells: cells 2 Channells: cel5 3 Channel17: cells 4 Channells: cells s Channel19: cels_6

5 4 %] 50 5 5 ] il [ 5o
0 0 25 4 o1 0 g %:
-5 —5 - o =1 -5 -] + ]

i

i
%

T T T T T T T T T T T T T T T i et on :;"".L.;.mm;,;;";ﬂu'm,L,,.mrl:z:n.“.Zn.:n.n'“.m.Ln..“ Z,L"',.L,,L,.L.m
0 500 1000 0 500 1000 0 500 1000 a 500 1000 0 500 1000 Channel20; cell 6 2 Channei21: celL 6.3 Channel32: cell 6 4 cnam{?;”’ceu 655 Channel24: celL6_6

50 o

i

|
w o w
1 1 1
|
woe u
1 1 1
=]
1
|
U o wu
1 1
|
[
L L
Ampliudelmv]
1T ewe
PN
Amplisoeimy)
Amplitudelmv]
M

T T T T T T T T T T T T T T HE R S A A A R EE TS HE S HIE HFEP R
0 500 1000 0 500 1000 0 500 1000 0 500 1000 0 500 1000 Channel2s: cell7_2 Channeize: cell7_3 Channel27: cell1_4 Channei2s: cell7_s Cranmage 1.6
20 ] ] : o] e
54 5 <o ' 5= 5 o
04 - 04 £ 4 by £
04
04 =k £ T & 2
s -5 4 ] J -1
—10 4 . . . . . . T T =10 T T ' T y Trooi Trorrorrori TroroIonoonLl ToIILoInooL TIloTrolL
0 500 1000 a 500 1000 o 500 1000 a 500 1000 0 500 1000 Channel30. cell 8.2 Channel31: ¢ell 83 Channel3?. cell8_4 Channel33. cell 8.5 Channel3d: ¢ell_6_6
. * ° s mEs 1 ‘
20 4 £a] 2 !
04 04 04 0 o
£ ]
=54 -5 o 04 —5 = -5 ! » 4
5 | 1 [ 2]
T T T T T T T 5 . . ! T ) I ! A A R EET TS P mom e e e HEEA - A A RS
0 500 1000 0 500 1000 0 500 1000 0 500 1000 o 5000 2000 Channai3s: cell . 2 Channai3e: cell 9.3 Channal37. cell 9.4 Chonnai3s: cell 9.5 Channal39: cell 3.6
0 - 0 0 0 0 i
-5 - . e 5 £.] ] H
5 04 5 5 o " o L
T T T T T T T T T T T T T T T T T T T L " T T g fd T T T T T T T T W ~p T T T T T T " T 1 T T T "
T e 7 S 7 e 10w z . . R CJNCAR A RO CR J ARACA. A. l AR AR. A  MA A  A. a A  A A

Simulated data Experimental data
26




