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ongoing and starting activities

* Mechanics and geometry (not covered here) - ongoing

* Prototyping - ongoing
* Lab and testbeam measurements - ongoing

+ establishing approaches for:
* Prototype quality control - initiated
* Electrical connections - initiated

* Defining parameters of the readout electronics - ongoing

* Garfield/LTSpice simulation studies - well developed
e Validation with lab/testbeam measurements with the known electronics

* Prediction of the readout performance for various readout options
* Prediction for various operation conditions (field, particle momentum, angle)

* Defining requirements and conceptual design of the readout electronics - ongoing

» Stage?2 - fast, optional charge measurements
e Stagel - ~10 times lower max occupancy, good charge measurements
* Realistic simulation of the tracker response in SPDroot - ongoing
* Realistic parametrization based on Garfield/LTSpice - started

* Implementing realistic noise, finite TDC/ADC, finite dynamic range - scheduled
* Pattern recognition also with realistic noise - needed...
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material test and prototyping

Component and assembly tests First prototypes:

* Foll tests, wire test * General R&D — straws of

* Crimping: anode pins, crimpers different metallization and

e Straw end-plugs diameter 5, 10 and 20 mm =>
* Adhesives and sealing 110 straws

e ZUV (=110 straws) - ongoing
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Reference tracking -- residuals
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Significant improvement wrt TB22 due to careful MM alignment: maximal sigma of 67um.instead of ~100um

SPS testbeam measurements

.
Reference tracking:

* MM detectors (250 um) + Tiger readout (Torino University)

+ Timepix4 — 50um x 50um

Under the test: a combined straw tracker prototype with
the Tigerand mu2e (VMM3) readouts .

Good data taking with MM+straw and success in integrating the
Timepix4

Reference tracking (MM only): better than 70 um
work on adding the timepix layer in the analysis is ongoing

Reference time (TO): better than ~300 ps
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goals

Precise measurement of the spatial
resolution for different readout
parameters (gas and electronics gain,
thresholds, pressure,...)

Validation of the simulation results

Evaluation of the realistic tracker readout
parameters (noise, cross-talks)

Evaluation of the charge measurements

performance (MIP) with the available

electronics

* Direct charge measurements (VMM3,
equivalent number of bits~8)

* Time-over-threshold measurements
(Tiger)

Developing a set of measurements for the
prototype quality control

Preparation for the charge measurentents
at PSin 2024



SPS testbeam measurements
“Existing” ASICs

TIGER Architecture

VMMS3 Architecture

Time Branch

10-bit
Wilkinson =
ADC

Channel
Control
Logic

10-bit
Wilkinson —
Apc

» shaper

Neighbour I

legic [
_b

peak

time

Disc ey Broes pulser | DAC |
VMM3 TIGER
Number of channels 64 64
Clock frequency 10...80 MHz 160...200 MHz

Input capacitance <300 pF <100 pF

Dynamic range Linearity within +2% up to 2 pC 50 fC
Gain 05,1,8,6,9, 12, 16 mV/fC 12 mV/fC

ENC (energy branch) <3000 <1500

TDC binning ~1ns 50 ps
Maximum event rate 140 kHz/ch 60 kHz/ch
Consumption 15 mW/ch 12 mW/ch
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Time measurements - TIGER, VMM3@25 ns

Charge measurements

* VMM3@200 ns

* TIGER with time-over-threshold (under
development)
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SPS testbeam measurements
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mean A, ch

* VMM3 data with 200 ns peaking time

e Relativistic muons

SP_S festbeam measurements
- signal charge measurements

Charge in a single straw per 1 cm

\aw 1107 charge, dist 4.3

e Charge distribution in every 100 um b;n

* Analysis ongoing

V.Maleev
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A.Chukanov
straw 1107 charge, Landau fit
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Garfield/LTSpice

Noise studies, VMMS3 V.Bautin, S.Bulanova,
* Garfield - some fixes is needed A.Mukhamejanova,
(ga ! n) Sigma vs Threshold
e communication with the Integral persentage vs Threshold 7 10,
developers 2 m g9 o omm
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Realistic signal simulation for

= SPD root

MC _ | ‘dist2wire’
point i R

L S.Bulanova,
E.Mosolova. A.Zelenov
ﬁOW MPV vs distance to wire, noise 1500e o vs distance to wire, noise 1500e
E 180 Compare MPV distributions E 65 Compare o distributions
> ——+—— No magnetic field, no angle [ ——=—— No magnetic field, no angle
MC | _yfidistawire R R et / o oo
point i R 140, Angle 13 deg’& magnetic field // E —=— Angle 13 deg & magnetic field
120; af B
. e
80 b
. . . 60 7 NN
* Parametrization in SPDRoot: ol 7 S S
£ = =
perpendicular tracks, 0 Tand 1.3 T; L :
* First MC test with particle gun Response parametrization, VMM3

1 GeV muons, theta=90 degree, uniform phi  pyc 13: (a) 3asucumocts MPV (ns) n (b) o (ns) BpemenHbix pacnpegenenuii ot
PacCTOSHUS MeXJy TPEKOM 1 aHOZON NPOBOOKOIA.

e MC thruth vs reconstructed hits

* Next steps:
* Track reconstruction
Oct 24,2023 * Detailed parametrization (different particles, momenta, 9
magnetic field)
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for additionally

SPD root

* The parametrization approach works well, but does not
include the specifics of noise “fakes” - to be accounted

* As was shown in Garfield/LTSpice studies, the magnetic

field plays the role - should be accounted for in

simulation and, the most important, reconstruction (to

be done)

RReco Hit

and

RMC Truth
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+ R Monte Carlo truth

Realistic signal simulation for

S.Bulanova,

E.Mosolova, A.Zelenov

MPYV from distance to wire, noise 1500e
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* Converging!

* Still a lot of work in all fields,
nevertheless - the synergy does help

* Next steps
* More detailed simulation + improved
hit reconstruction

* Implementation of the signal charge
simulation + measurement into
SPDRoot
* TB analysis (MIP) - started
* TB analysis (low energy hadrons +

electrons) - planned for 2024 at
PS (CERN) and PNPI
* Garfield/LTSpice - started 11



Summary

Complimentary studies are ongoing:
- prototyping and material studies
- lab and testbeam measurements
- Garfield/LTSpice simulation
- development of the readout concept

Advanced test setup is developed, combining up to three independent DAQ systems
synchronized for offline merging and providing the good reference time (~300 ps) and
spatial (better than 70 um even without the timepix layer) resolutions.

A significant part of the measurements is done during the scheduled SPS test beam
periods (3x2 week of intense muon beam) - including the possibility to use dedicated
electronics (VMM3, Tiger, Timepix4). Extra-time at the beam dump gives possibility for

debugging + SI.OW remOte data ta klng I:Iorth AreI:ySchedule v2.0.0 :: Beﬁ:«lines H2 and H4 :: shtztus 2023-09-03 17:30IAEQUTC)
= 22 [cw 24 5 [cwzs |cwar Jowzs Jowzo W Jcws: i3z

||||||||||

Measurements dedicated to PID (E(h)<GeV) are considered e e e AT
to be done next year with the PS beam. Possibility to use | |.
synchrocyclotron beam at PNPI is also considered.

RDS1
16d

STRAW TRACKER RD
16d

Understanding the influence of the measured expected straw+readout performance on
the track/charge reconstruction requires support with simulation studies
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Megaproject NICA

Work of S.Bulanova, V.Maleev, D.Sosnhov and A.Zelenov was supported
by
nporpamMma LiesieBoro oMHaHCMpPOBaHNA HayuYHO-UCCNeaoBaTeNbCKNX padoT

Hayu4HbIX TPYNM, OTPYAHNYALINX B paMkax meranpoekTa «Komniekc
NICA»,

The group made significant contribution to
* Test beam data taking (D.Sosnov)
* Test beam data analysis (A.Zelenov, D.Sosnov and V.Maleev)
* Garfield simulations (S.Bulanova)

The marked results were obtained within the work supported by the program
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Other (non-SPD) developments

Dune:
- triggerless
- identical requirements for time resolution
- similar requirements to charge measurements
- significantly lower bandwidth (<kHz)

Torino (post-Tiger):
- triggerless
- charge measurements adopted for MWPC/straws
- worse time resolution

Other options:
- Time-Over-Threshold for charge measurements?

Though no direct match, the experience of the ongoing R&Ds
is useful

Oct 24, 2023

Readout electronics concept

Possible solution:

Alexandr Solin
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straw micromegas
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1/3 3/6/9
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straw micromegas
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150

Peskum paboTel
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Model exists
- can be used in

Expected to be designed by April next year

Garfield/LTSpice
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— rototypin
Combined prototype P yping

Straw and wire diameters: Various single straw or small
20mm / 30um : SHIP type CISSGmbW SeTU pS

10mm / 30um : SPD type

* 3xstraw tubes
* @ 10mm, 120mm length

5mm / 20um :
NA62 upgrade (Cu/Au coating)

M s DUNE (Al metallisation)

\7

-

Dedicated small size prototype for
testbeam measurements and
alignment control studies

Laboratory tests with sources:

* Gas gain measurements

* Tests with different custom readout
* Tests with different gas mixtures

* Good for x-check with existing
measurements (NA62, SHiP)

F * Tests of x-talks, impedance
: - measurements etc Further prototypes

* Single straw max length for lab tests

* Lessons learned , . _
* Calibration/termination connector ) ASST“;EIY with a stereo-angle? Which
angle?:

Oct 24’ 2023 from OppOSite side 16
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