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STT - Straw Tube Tracker

Straw tracker in 2T solenoidal B-field
— 4224 straws in 19 axial + 8 stereo-layers (+3°)

— Close-packed self-supporting layers by gas overpressure

— homogenuous tube stretching (I, length), Fy ~33 kKN B g | Gastube
— precise wire tension, T, With low 6<2% (< tolerance) Wire ‘:‘
— X ~0.04% X0 per layer, ~3.3% X0 endcap region [ cinopn | o
— Drift time and time-over-threshold readout for PID

— o(r) ~ 150um, o(z) ~ 2-3mm, n/K/p-separation < 1GeV/c
— Particle rates <1 MHz/straw, <10 kHz/cm?2 _
— Ap/p ~ 1-2 % (with MVD) Close-packed layers (<50um gap)

— Input for SW trigger (hit to track to event assoc. & identification)

Parameter Value

Diameter 10 mm

Wall 27 um  Mylar-Al

Length 1.4 m

Wire diameter 20 pm  W/Re(3), Au-plated
Gas 90/ 10 Ar/CO2

Gas pressure 2 bar 1 bar overpressure
Material budget (X/X0) 0.04%  per layer

Number tubes 4224

Number layers 19/8  Axial/ stereo-layers
Stereo angle +3°

Spatial resolution 150 pm (o, single hit)

Time resolution ~1ns

Total material budget /X/X0) 1.3% incl. STT walls
Momentum resolution 1-2%  with MVD

Particle rates per straw <1MHz <10 kHz/cm?

.1—!
: ‘ Straw layout (cross-view), Ap S
PANDA-STT (3D-view) stereo layers in red/blue. STT-protoype (mockup)
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Self-supporting
hexagon sector
prototype and with
3x3kg Pb bricks on
top (insert).
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STT — E-Readout
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— Status (AGH / JU Krakow)
— PASTTREC-ASIC: > 100% available

— FEBv4: 800 produced (12800 ch) and tested New FEBv4 (with temperature e
_ _ ) o o sensor & chip e-ID) )
— TRB5 BW is compatible with full luminosity (TRB3 BW limited) o)
— TRB5+AddOn card (inline), FEBv4 control by TRB5 FPGA, prototyping done
— FEBV4/TRB5 readout prototyping done V< >

— QA procedure established 5.3cm

— Per TRB5 board

— Single FPGA, 32ch high-resolution TDC or 64ch lower resolution
— AddOn card for 4x FEBv4 per board

FEB
3v3
o) ADDON FPGA
o
[o0]
— 74LV4066 GPIO 11
PASTREC & T (]~ , - S
6o HR Um l:’able«J—%
3 state LVDS 2
' \g\ I0bUf 4 1o
sout | > [ MISO l%_—ﬂ:control
SNB5LVDS33 1-re

TRB5sc with inline 4-conn AddOn

Circuitry of FEB readout and control by TRB5 FPGA
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STT — E-Readout

— PASTTREC/TRB & DAQ system fully verified

— 4-week proton-proton experiment beam time with HADES
— 4.5 GeV proton beam kin. energy
— STS1+STS2 (704 + 1024 ch) for forward tracking
— High particle load: 1-2x10°/straw, max. 5-6x10%/straw (high intensity runs)
— ASIC parameters optimized for low NL and NL stable during BT
— Low threshold and low gas gain (A~2x104, HV 1800V—1700V)
— DAQ with ASIC settings control and ‘continuous’ verification by DAQ

— FEB QA by charge injection and signal readout (FEBv4 + TRB3)

Baseline DACs test (for 4mV20ns only)
o checks DACs monotonicity with DAC scan and TOT
measurements
¢ Threshold DAC test (for 4mV20ns only)

o checks DAC monotonicity with DAC scan and TOT
measurements

¢ Baseline measurements (all configurations) R ’\\\
o find baseline settings/corrections for all channels
¢ Threshold scan (all configurations)
o verification of the baseline settings, shows differences
between channels after baseline correction o e
* Quick channels test (for 4mV20ns only) e
o checks whether channels give right response for small and big.,
input charges (further measurements possible only when all
channels are good)
¢ S-curve measurements (all configurations)
© measure the number of counts versus input charge for
selected thresholds, to calculate noise, gains, etc.
e TOT Scan (all configurations)

o measure the TOT value versus input charge for selected
thresholds - allows to calculate charge from TOT value for
specific threshold

1.0 e -
. . . g n.un?
— QA procedure includes 7 criteria ih o = 0 -
— Fully automatic (python scripts) o E 617 . Channel 01
) W;_ 4 a Fitted s-curve
— QArresults in data base wtb IR Rl
C 8 g2 -

0 0
rcl
rc3

rcs

Peaking
time [ns] 0.0
1800 1 15 '

- - - . 1
1740 2 15 126 s 104 ns 50 60 Ta 80 90 100 110 120
1650 4 15 129 ns 111ns Charge [ke "]

126 ns 94 ns T T T
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Performance Results

Prototype Systems and Experiment Installations

proton and
deuteron
beams,

0.6 - 3 GeVl/c

— Full system tests: straws and e-readout

— STT prototype at COSY

— High redundancy central tracker (~ 24 straw hits/track)

— Tracking and spat. resolution determination done

— PID by ToT — Results on next slides
— 0.6 — 2.7 GeV/c proton/deuteron momentum range — Particle rate capability

— Time and time-over-threshold measurements

— STS1 in HADES experiment beamtime — Timing methods
— Low redundancy forward tracker — Calibration and tracking
— Same straw type as in STT — Straw signal simulation
— High particle rates in 4weeks experiment beamtime — PID

— Conclusions for reduced STT in PANDA

UJ JULICH
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Performance Results
High Particle Rates

— Particle rates (STS1 & FEB & DAQ)
— ~ 2x105/straw; high intensity runs: ~ 6x10%/straw
— HADES: DAQ trigger ~ 50kHz

. . . . 182 U) slice_:py_oLh_s:lraw;aw!loLoAO

— Beam induced particle background in broad time range D 700y o Eres sz |

1 1 »t o veems s:d/[::;l 19653+o:D;1s;51 |

— TDC times and time-over-threshold data (704 straw channels) T s S oo |
— Clean & in accordance with simulation A L o000 - = =

30000

— Calibration (1st step) done with TDC spectrum & for each straw TDC scaler rates (/s) for STS1 & 4 <ToT>=205ns
STS2. High intensity data runs. ‘

hist_caltimevstot 10000

20000

Raw cal times (ns) vs tot

TTTT[TT T[T T I I T T T i I I [ TTTr[TTT

0 £ ~. | Entries 492649
i Am 67.77 e T ——
soE-Data Meany  19%: LEtime vs TOT o
400 __hist rt3
StdDevy 506 E . . Entries 22080 % 500 A ; ;
350 3 350 — - SImU|atI0n ngg; ?Igﬁ L . :Ir:::nzspy of hlsztzons%
0 E s (Garfield) By ¢ | Simul i
= e = 16 Q) § L %2/ ndt 188.9/ 60
= v . ': a Constant  481.5+45
250 14 = 30 | Mean 197.7£0.3 | |
E i C E Sigma 35.66 + 0.32
n 200 E_ 10 Ll 20A: <ToT>
150 150%— 8 VE =200 ns
100 100~ 8 1001
50 so:— : E
& A T T T T T T . i O 3" 100 150 200 250 300 350 400
=50 % 20 20 50 80 00 120 140 160 180 200 °
Time-over-threshold (ns) versus Drift time (ns) Time-over-threshold (ns) versus Drift time (ns) Tlme-over-thresh? (ns)
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Performance Results

Calibration and Tracking

— Aim: re-check tracking methods
1. Calibration procedure
2. Tracking method
3. Alignment method

— Calibration procedure
1. r(t) isochrone - drifttime relation from TDC spectrum (G. Perez)

2. r(t) iterative fitting using reco tracks (¢ ~ 310pum — 217um — ..)

— Tracking resolution: o =217 um (mean = 17um) XZ\

— No hit filter, no 5-electron rejection (~ 1/8 hits probability) yz T ——
— y2-fit, biased from close-to-wire hit (no redundancy)
— |/r ambiguity close to wire difficult to resolve

— Low gas gain (~2x10%) chosen, little worse resolution close to wire (ion cluster spread)
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ProjectionX of biny=[3,650] [y=2.0..650.0]
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slice_px_of_hist_sts1_trackfit |
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Performance Results
Tracking with No-Redundancy

— Calculate target point (X0,Y0) at Z0 = -135mm from reco tracks

— Smearing by ~ 3.5m back propagation STS1, x0 target vs z

Entries 611156
Mean x -135 ProjectionX of biny=[17,500] [y=-70.20..75.00]
Meany -0.03439
Std Dev x 36.05
Std Devy 4.981

800
slice_px_of_hist_Sts1_xy0_7

Entries 21489
Mean 0.008525 |
Std Dev 9317
%2 I ndt 6.053e+04 /429 |-
Constant 7435135
Mean 002166 = 001675 |
Sigma 3.008 + 0.017

— Influence of MCS: Ax,y ~ 700um at Z0

700

600

Number of Entries

500

— Alignment of double-layers to shift target point to (0,0)
— x-shift: 7.47 mm
— y-shift: 2.72 mm

400

300
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0 ~180 ~160 ~140 ~120 T ) 0 20 060

[=]

— Target distribution after STS1 position adjustment and recalibration

— 1(t) re-calibration using reco tracks Ml <o ol e

 [Slice_py_of_hisLSts1_xy0_7
Eries 21663

— oy (target) = 3.021mm (m= 21um)

[5.500] [x=-73.80..75.00]

— oy (target) = 4.99mm (m= -3 um)

— red circle marks IH, target cell diameter

ProjectionY of binx
0

hist_Sts1_rt i i $
+| Entries 188048 i i

| Mean x 69.28 | | N : . g I y il 2

o[Meany 2495, g § g g -70 —60 50 —40 30 -20 -10 O 10 20 30 40 50 60 70

-| StdDevx  43.34 SAUU3 JO Jequiny

.{StdDevy 1.383]
o

Target YO (mm) vs X0 (mm)

UJ JULICH

Forschungszentrum




Performance Results
Time-Over-Threshold

cal times (ns) vs tot corrected

Raw cal times (ns) vs tot

hist_caltimevstotcorr

mean =195.9ns _ g 500 hist_caftimevstot mean = 250.3 ns — 5005 /[ Entries 492649
o = 355ns wE o 6 = 207ns 3§ OE Meany 2605
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Time-over-threshold (ns) versus Drift time (ns) Time-over-threshold (ns) versus Drift time (ns)
ProjectionY of binx=9 [x=8.0..9.0]
— All 640 channels, offset corrected drift times T
= - Entries 22773
g 800 Mean 2655 |
— Top left: raw data, show characteristic ToT(driftime) distribution 8 roof Fira zorseosie .
? onf - =
— Top right: ToT with time dependence correction (fit) ;
. . . 400F
— Single hit ToT: ~ 8.3% resolution
. zooé
— ZToT/Ny;s resolution: ~ 4.4 %
00:. = ‘100I = I200 300 400 ’ SOOA L-IGOO

— 8 hits per track, no truncation
Time-over-threshold (ns)

~J JULICH

Forschungszentrum

June 25th, 2024 Peter Wintz p. 9



Performance Results

Time Pattern Recognition

— Time pattern recognition for STS1 data (staggered double-layers)

— pp-elastic candidate events

— Averaged TE-time (XTE-time / N, ;)
— 4hits: m/c = 259ns / 16.6 ns (more uncorr. hits)
— 5hits: m/c =259ns/12.9 ns
— 8hits: m/c =261ns/11.1 ns

— Averaged LE-time (2 LE-time / N, ;)
— 4hits: m/c = 67.7ns / 17.3 ns (more uncorr. hits)
— 5hits: m/c = 65.7ns/ 12.3 ns
— 8hits: m/c =67.3ns/ 7.0 ns

Number of Entries

LE-time summed (ns) vs number of hits TE time summed (ns) vs number of hits
.
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Performance Results

Time Measurement and Space-Drifttime Relation

STS1 in-beam data

)
|
2

. . . § 051 2 160 [Entries = 703
— r(t) calibration using TDC spectra (r(t)/R=>n/N) g | I [Mean 163.7
. . . e 80 140:_ Std Dev 4138
— in-beam data (red line) agrees well with g 041 ol |2/e 9858131
. . . . g T .. - | Constant 160.6
single straw simulation (green line) S [ oo | Biean 54
e . .. . S 03" . o C
— deviations for r<imm (prim. ionization) S PRl L
- Entries = 88187 80—
H - ~ e x2 / ndf 8.377e+06 / 5220 ~
— clean drifttime spectra 0.2 e onoe S0
. . . — pl 0.007026 + 0.000138 L
— only ~3.2ns spread in max. driftime for 703 ch ¥ P2 -1.9850-05% 1.815e-06 a0
01— p3 7.373e-10 £ 7.181e-09 B
— corresponds to <40um spread in straw radius - e R 201~
%20 40 s0 80 100 120 140 ie0 80 200 © % s o 0 a00 250
Time (ns) Maximum Drifttime (ns)

In PANDA-STT:

— iterative re-calibration r(t) with reco tracks

— high redundancy

Pressurized straws with thin film-wall tube have a high geometrical precision )
@) JuLicH
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Performance
Simulation STT in B-Field

X thresh, r(t)

hist_rt1
5 LI Entries 17684
Mean x 66.04
Mean y 2.638
Std Devx 36.12
4 Std Dev 1.459

B-field = OT
Ar/CO2(10%)
HV 1800V
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ProjectionX of biny=[1,208] [y=0.000..5.200]

TOT (ns) vs LEtime (ns)
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= 200 —
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Performance Results

ToT/dx Measurement and dE/dx Simulation

ProjectionY of binx=[99,103] [x=0.980..1.030]

i :
= E | H slice_py_of_hproton_tot9
S 701 i H Entries 586 [
- C H Mean 552
5 Std Dev 3,647
= a8 7 | ndf 905.9/37 |7
I Time-over-threshold/dx (ns/mm) vs p/Mc | £ Eonsant 32265129
2 P! 3.89+0.06 |..
igma 0.8174 £ 0.0413

40

100
3 1T,
o Data %
E 3 80 5 10 15 20 25 = 30
7) R — ProjectionY of binx=[48,52] [x=0.470..0.520]
£ 2 LE)m g j
5 10\ S o = ol
i N B2 L e Gl
lS 1 1. X 40 25_
= \*\ E zo;—‘»-
A L 30 o
1 O' """ % o s 10;—~-
—~— L ke A
4*_ L ) 1(l;rojezz:)tion:)of b::lx=[;:3,32]61)[)(:0.7;70..2320?0 -
o 1 L - 3 Proton momentum (GeVi/c) I ERE, gl
p / MC Zg .: . |_Sigma 4.13 +0.20 ™
— Totcorr = ToT — 20ns (peaking time) Ergto\r;/s d:sEgj)li s\i/r;\ulation for STT straw: :
eV/c: 3.9 keV/cm £
— Proton and deuteron beam at COSY 0.5 GeV/c: 9.6 keV/cm M Cf i

10

0.3 GeV/c: 24.2 keV/cm P
— 0.6 t0 2.75 GeV/c momentum range dE/dx (keVicm)
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Performance Results

Summary and Next Steps

Set up one STT sector (~700 straws) with readout and DAQ 16GSTT prototype measurements at COSY
— Cosmic data taking, radioactive source 150]-.. Design goal :gz‘:;“;’;z;am ..............
— SW: data analysis, calibration, tracking, tO extraction, ToT methods £ 140 ® Proton, high thresh
— Most components existing (straws, electronic FEBs, ..) IS a0 r %

S 120 ‘
— ToDo: assembly straw modules, FEE layout & cooling system, alignment method §
3 110] _
o P. Wintz (FZJ)
100 =1 =
Performance goals (4D+PID tracker) | PEmE=
HADES 2022 p-p beamtime 90 e : e > =5
— Spatial resolution ~ 100um R v T o/ Mc
— ToT/dx resolution < 5% (dE/dx < 10% 5 [ 8 wean g 60
’ ( 0) § g@’: i)ujr?;rv 380464051348 | — " @ Deuteron 2016, Ar/CO2(10%)
— t0 extracted from track data (Chi2 fit) 5 [ HADES Men 316200 S - ‘ @ Deuteron 2018, Ar/CO2(20%)
. . Wit 2y Hl T £ B Proton 2018, Ar/CO2(20%)
— Simulation F .8 nhits_per track \E/
. Iz no truncation . H |
STT@COSY and HADES-STS as basis < < P. Wingz (F2J)
C mi= 316;% |6 30! + * pPanda
_ : I P \ a2 T R
Many more layers in STT sector " J \ o = 440 R B v o R — .
— dE/dx by ToT further optimisation e B I TR R TR T 20 e > e 5 D
— Systematic study, e.g. signal peaking time .. ZToT /Zdx (ns/mm) o/ Mc
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STT - Compact
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— 410 — 320 mm outer active radius (max.)

— PANDA org: Ryyer = 44.8 cm
— PANDA new (?): Ryyer = 33.6 cm
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— Assumption: ZEUS solenoid dimension

— Impacts for STT geometry

— 27 — 16 layers (tbc) in radial direction

— 19 — 10 axial, 8 — 6 stereo layers

— Vertical — horizontal Central Frame

— Once straw modules assembled, no later modification
— Momentum resolution

— Tracking performance under study (simulation)

— Pattern recognition, curling tracks, ..
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Summary

— Particle rates and charge load early determined by pp-simulation for PANDA full luminosity
— FOM: rates for innermost layers: 1 MHz/straw and <10 kHz/cm, charge load uncritical
— PASTTREC ASIC parameters optimized for STT straws in PANDA, FEB size minimized

— ASIC/FEB/TRB and DAQ system fully verified in-beam with data analysed
— High particle load in forward detector STS at HADES
— ASIC settings optimized (BL restoration and ion tail cancel., low NL, low thresh., low gas gain, ..)
— Full signal dynamical range dE/dx tested with STT tests @ COSY (4x1 week, p/d beam 0.6-3 GeV/c)
— Clean time measurements and ToT for PID, high resolutions, time PTR methods, coarse t0 extraction (<7 ns)

— Good ToT resolution for PID now already with 8 hits (BL tuning per channel, auto script)

— STT reduced:

— Actually: no electronic-specific issue left open
— But essential: high efficient straws & readout, PTR (FPGA) and tracking due to lower number of hits

— Spatial and momentum resolution will be lower

— Main uncertainty: beam/target layout, B-field, .. and rates in innermost straw layers

done
done
done

done
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Thank you very much
for

your attention!
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