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● SAND Inner Tracker requirements

● Straw Tube Tracker (STT) design

● First STT prototypes Test Beam

● Gas System

● Readout electronics

● Cooling

● Resources 

● Schedule

● Costs



  

Requirements* for a
SAND Inner Tracker
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* will drive the technical choice defining the Threshold parameters



  

ND requirements for neutrino oscillation*
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Requirements:

● R0: Predict n spectrum at FD

● R1: constrain uncertainties on flux, cross sections and detector response

● R2: constrain backgrounds

● R3: study energy dependence of observables (PRISM)

● R4: monitor neutrino beam

● R5: resolve pileup

* From Physics requirements of the Phase I Near Detector, May 2024 



  

ND additional search opportunities*
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Search Opportunities:

● X1: Neutral Heavy Leptons

● X2: Light Dark Matter

● X3: Neutrino tridents

● X4: Short baseline oscillations

* From Physics requirements of the Phase I Near Detector, May 2024 



  

ND measurement requirements*
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Measurement requirements:

● M0: n interactions classification → particle identification

● M1: flux normalization (ne elastic scattering)

● M2: wrong sign contamination

● M3: ne /ne contamination

● M5: muon integrated rate changes @1%

● M6: on axis neutrino spectrum

● M7: resolve single n interactions

* From Physics requirements of the Phase I Near Detector, May 2024 



  

SAND systematics oriented measurements*
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Measurements:

● X5: n-p cross sections

● X6: n-Ar/n-H cross section ratios

● X7: cross sections on other targets

● X8: nm,nm, ne, ne fluxes

● X9: inverse m decay

● X10: on-axis beam monitoring

* From Physics requirements of the Phase I Near Detector, May 2024 



  

SAND tracker capabilities*
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Capabilities:

● C3.1: low average density (r<0.22 g/cm3)

● C3.2: charged particle momentum resolution < 5% up to ~5 GeV/c

● C3.3: < 1 X0 from center to ECAL

● C3.4: < 1 lI from center to ECAL

● C3.5: solid H by subraction of C and CH targets

● C3.6: other nuclei targets

● C3.7: Ar target (GRAIN) 

* From Physics requirements of the Phase I Near Detector, May 2024 



  

SAND tracker capabilities* (beam monitoring)
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Capabilities:

● C4.1.1: Fiducial Volume mass ~5 ton 

● C4.1.2: m momentum resolution < 5% @1 GeV/c, <10% up to 5 GeV/c

● C4.1.3: n vertex resolution < 5 cm

● C4.1.4: time resolution < 10 ns

* From Physics requirements of the Phase I Near Detector, May 2024 



  

More SAND tracker requirements (to be quantified)
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Capabilities:

● n energy resolution: depends on channel 
(→ angular resolution)

● Particle identification (with ECAL and Muon detector):
electrons, pions, muons, protons, neutrons
(→ vertex and time resolution) 



  

Notes on SAND tracker threshold parameters
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Most numerical values for the threshold parameters in question are 
based on analyses conducted during the STT design study (see “A 
Proposal to Enhance the DUNE Near-Detector Complex,” doc-db 13262, 
March 2021).

Before making a final technical decision, the simplified simulation used 
in this study requires improvement. Specifically:
● Detector response (digitization) should leverage performance data 

from test beams.
● Results should remain unbiased by Monte Carlo (MC) information.
● A Kalman filter-based track reconstruction is essential to achieve 

accurate resolution of 3D particle momenta.



  

Straw Tube Tracker 
(STT) design
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Default STT configuration
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● 925 mm upstream space for GRAIN
● 48 CH2 (polypropylene) modules with 

target+radiator (37.718 mm)
● 23 CH2 modules with target only (32 mm)
● 8 C (graphite) modules (32 mm)
● 7 tracking only module XXYY (28 mm)

Total: 86 modules 
(8 super-modules of 10 modules,
1 tracker only supermodule with 6 modules)

<ρ> 0.17 g/cm∼ 3

X0 3.5 m∼
⊥sampling 0.15%X0

// sampling 0.36%X0

FV mass 4.4 tons
Thickness ~1 X0



  

STT C-H modules
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A slab of polypropylene (C3H6) is 
used as C-H target

105 polypropylene foils 18 mm 
thick act as transition radiator to 
improve e/p separation

2+2 layers of 5 mm straw tubes 
are disposed along the X and Y 
coordinates perpendicular to the 
beam

The default gas mixture is 70% Xe 
30% C02  

The overpressure is ~1 atm (2 atm 
absolute)

Straw tubes length varies from 
~1 to 3.8 m 
  



  

STT C modules
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Graphite slab

2+2 layers of 5 mm straws are 
disposed along the X and Y 
coordinates perpendicular to the 
beam

The default gas mixture is 70% Ar 
30% C02  

The overpressure is ~1 atm (2 atm 
absolute)

Straw tube length varies from 
~1 to 3.8 m 
  

More details on mechanical design in Fabrizio’s talk



  

STT design validation
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Prototyping activities: CERN 2022 test beams
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Long test beam activity started in 2021 at Cern H4 

Recovered electronics mounting VMM3 ASIC

6 mm double layer 
straw tube prototype at 
Cern PS test beam in 
June 2022 

Recovered 
electronics with 
VMM3 ASIC:
Noisy strips 
Dead channels

No possibility to 
synchronize STT and 
Micromegas readout



  

Prototyping activities: CERN 2022 test beams
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October 2022:
Recovered electronics mounting TIGER ASIC

Some Micromega signals sent to STT readout to allow 
synchronization

sU~250 mm

New configuration



  

Prototyping activities: Readout simulation*
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Garfield + LTSpice (VMM3) st vs peaking time Collected charge (TIGER)

Drift time vs gas pressure Effect of magnetic field on drift time

*Most simulations refer to 10 mm straw tubes

Garfield prediction on gas gain must be checked...



  

Prototyping activities: gas gain vs HV
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A gain higher than 104 is sufficient

Rate: ~2.7 kHz 
Current: ~90 fA



  

Prototyping activities: CERN 2023 test beams
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Mixed prototype with two layers of 5mm diameter 
straw tubes tested at H4 line at Cern

MicroMega position resolution < 70 mm
Time resolution from scintillators ~ 140 ps

TIGER (Apr-Jul) or VMM3 (Jul-Sep) readout

Crystal Ball fit: Best s(t)~2 ns Weighted <sU> = 136 μm
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Worse August resolution due to higher noise

Crystal Ball st fit paramater 
corresponds to Gaussian fit st-2 ns

Prototyping activities: CERN 2023 test beams

Gaussian fit

TIGER data, April TB: 190 µm

VMM3 data, August TB: 280 µm

TIGER data, August TB: 300 µm
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Prototyping activities: validation of simulation

For 10 mm diameter straw tubes 
the drift time distribution is well reproduced!



  

Prototyping activities: CERN 2024 test beams
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H4 SPS T9 PS

PS setup (low energy hadrons and muons):

● Muon tag (low P runs)
● Precise tracking with AZALEA telescope (6 Mimosa pixel sensors): sU~5 mm 
● Timing from scintillators: ~200 ps
● Devices Under test:  

● Mixed prototype (VMM3 and MDT readout)
● single straw (20 mm)
● sMDT drift tubes
● TimePix4  

Analysis in progess…



  

The Cern 80x120 cm2 prototype
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● ~800 straws from GTU @ JINR using 
Russian procured double metalization film

● 20 mm Tungsten wire

● ATLAS pins

● No spacers

● Mounting table, support frame and carbon 
fiber frame from from Pisa

● Single view sealed for gas flow and readout

● 64 (XX)+64(YY) straws wired

Very successfull assembly!

~2 months, ~ 4 people
(many lessons learned) 

Full validation of assembly procedure requires to use:
● 3.8 m straws with final film, 
● final pins and endplugs, 
● spacers

55Fe
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New features:
● Both views instrumented (not completely)
● New pins and endplugs + spacers available
● Kapton readout board

Assembly status:
Waiting for straw tubes with new Fraunhofer 
double metalization film

Problems with ultrasonic welding double 
metalization film at 20 kHz: Titanium head gets 
consumed after few 5m long straws!

Not observed in the production of the ~800 
straws of Cern prototype using 40 kHz welding 
head

New line with 60kHz in construction, 
Al oxide removal with laser or acetilene under 
investigation.

Assembly completion expected by March 2025
(see Fabrizio’s presentation)

The Pisa 80x120 cm2 prototype



  

The full scale prototype (320x380 cm2)
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New features:
● Both views completely instrumented
● New pins and endplugs + spacers available
● Longest straws

Same assembly tool used for COMPASS

Waiting for straw tubes with new Fraunhofer 
double metalization film

Assembly at JINR expected to be completed by 
May 2025 (+delays in straw tubes production)

COMPASS module: mounting table+4m long straws

COMPASS 4m module: gluing

COMPASS     mounting tools



  

Gas system
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Gas system
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Design similar to other CERN 
experiments (ATLAS,ALICE)

Total detector volume: 14 m3

Ar/CO2: 38 modules
volume 5.7 m3

7 distribution circuits 
(one for 6 detector modules)

Xe/CO2: 48 modules 
volume 8 m3

5 nl/min/module
Total Xe/CO2 flow: 
~ 15 nm3/h
per detector module ~ 300 nl/h
8 distribution circuits 
(each for 6 detector modules)
flow per circuit ~ 1.9 nm3/h

Delivery time: 
~50 weeks

Cost at 2021: ~500 kCHF



  

Readout electronics
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Tiger vs VMM3

31

Both circuits need to be updated: potential cost and schedule issues
Backup solution: VMM3a saturation issue, channel latching problem and ADC resolution can be 
bypassed using the external ADC mode 



  

VMM3 with external ADC
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Readout electronics
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Readout electronics
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st~1.3 ns



  

FEE boards and connectors
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Kapton boards design already finalized, some will be produced and installed in Pisa prototype



  

FEE boards inside the frame
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Corner blocks
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Gas flow and cooling
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Gas flow simulation
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Thermal simulation
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Max chip temperature well below limit: < 37o 

Supermodule simulation in progress

Validation with full scale prototype



  

Resource needs
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Straws production
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Production rate for 5 m long straws: ~70/day

Length produced in 1 year (200 days) by a 5m Straw Production Site:
5 m/straw x 70 straws/day × 200 days = 70 km/year/PS
(4 people per single production line + quality control)

Number of production sites to complete the production in 3 years:
700 km/70 km/3 years= 3.3 sites 

Available Production sites:
1 JINR (5m) (?) + 2 GTU (Tbilisi, 2×5m)+0.5 GTU (JINR, 2m)

In preparation at Almaty (Kazakhstan): 5m + 12 m (2025?)



  

Module Assembly
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7 people per Module Assembly line (including QC tests)

Expected average production time: 3 months / module

86 modules → 22 years x MA line

Need 6 MA lines to have 86 modules in 3.5 years
(starting in Jan 2026, ready by July 2029)

1 MA operational: JINR
4 MA under construction: 3 Kazakhstan, 1 Georgia
5 MA planned: 3 India, 1 USA*, 1 Italy

COMPASS module: 4m long straws

* Proposals submitted to NSF and DOE by South Carolina and Duke University. The answer is expected by summer 2025 



  

Current STT schedule
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Tentative Schedule
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Sep 2024 – Dec 2025 final design and tests of prototypes

Sep 2025 – Sep 2028 Straw tube production (3 years) 

Sep 2025 – Sep 2027 Custom ASIC chip development and test (2 years)

Jan 2026 – Dec 2029 Module assembly (4 years*)

Mar 2029 – Jun 2030* Modules installation

Oct 2030 – Jun 2031: detector commissioning

Jun 2031: First beam

* From Claudio’s schedule



  

Cost estimate
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Cost estimate 
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Many contacts with vendors 

Components qualified during prototypes construction

Vendors identified

Realistic estimates for all the components available

Pre-production procurements already done



  

Cost estimate for STT standard configuration 
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Backup STT configuration
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● 925 mm upstream space for GRAIN
● 48 39 CH2 (polypropylene) modules with 

target+radiator (37.718 mm)
● 23 CH2 modules with target only (32 mm)
● 8 C (graphite) modules (32 mm)
● 7 tracking only module XXYY (28 mm)

Total: 54 modules 
(7(1) super-modules of 6(5) modules,
1 tracker only supermodule with 6 modules)

<ρ>∼0.17 0.11 g/cm3

X0∼3.5 4.3 m
⊥sampling 0.15%X0

// sampling 0.36%X0

FV mass 4.4 2.9 ton
Thickness ~1 0.8 X0



  

Backup vs Default STT configuration
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Total straw tube length 
reduced by ~40%



  

Backup vs Default STT configuration
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Acceptance is very similar
Momentum resolution improves because of lower material effects
Angular resolution studies in progress



  

Cost estimate for STT backup configuration 
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Total cost reduced by 15% (wrt default with no new chip design) 



  

Who makes what?
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A tentative organization chart for STT 
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This just an exercise not yet discussed with SAND Consortium…
but need a consolidated organization chart to answer to the question: 

Who makes what?



  

Unblessed list of contributions (and responsibilities)
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Risk analysis
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STT Risk Analysis presented at the CM (1/2)
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STT Risk Analysis presented at the CM (2/2)
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Risk analysis just started. Risk of no funding from institutions other than INFN not included! 
(this is an outcome nobody wants...) 



  

BACKUP
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Thank you!

60



  

SAND capabilities*

61* from ‘Physics requirements of the Phase I Near Detector’, April 2024



  

SAND inner tracker capabilities goals*

62* from ‘Physics requirements of the Phase I Near Detector’, April 2024



  

Validazione della simulazione termica con mockup
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Un simulatore della dispersione termica prevista 
dall’elettronica posta all’interno dei moduli STT è 
stato usato per verificare i risultati della 
simulazione.
L’accordo è molto buono e convalida il risultato 
della simulazione di un intero modulo.

MOCKUP@CERN

MOCKUP: 
measurements 
vs simulation

Long module simulation



  

Ultimi risultati dai test su prototipi di straw al Cern
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Il gruppo di Dubna sta continuando l’attività di 
test sui prototipi (collegata anche a altri 
esperimenti: SHIP, HIKE, NA62, SPD, COMET) 
presso la North Area del CERN (H4 beam line).

Sistema di tracciatura: 3 MicroMegas + 1 Pixel detector:

/1cm

Relazione 
tempo-
distanza 
di drift

Carica/
lunghezza 
di traccia
vs distanza 
dal filo

Chip usato per leggere 
gli straw: VMM3



  

ASIC selection: VMM3 vs TIGER
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BOTH ASICS NEED TO BE REVISED:

VMM3 has a bug on Energy measurement for low signals. 
(VMM3a has fixed the energy bug but has a bug on time measurement).

TIGER has two different shapers for Time and Energy measurements. Two threshold levels are 
also possible. Dynamic range needs to be adapted.



  

ASIC requirements
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These requirements have been 
discussed with:
- Gianluigi De Geronimo (VMM3)
- Alberto Bortone (TIGER)


	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30
	Diapositiva 31
	Diapositiva 32
	Diapositiva 33
	Diapositiva 34
	Diapositiva 35
	Diapositiva 36
	Diapositiva 37
	Diapositiva 38
	Diapositiva 39
	Diapositiva 40
	Diapositiva 41
	Diapositiva 42
	Diapositiva 43
	Diapositiva 44
	Diapositiva 45
	Diapositiva 46
	Diapositiva 47
	Diapositiva 48
	Diapositiva 49
	Diapositiva 50
	Diapositiva 51
	Diapositiva 52
	Diapositiva 53
	Diapositiva 54
	Diapositiva 55
	Diapositiva 56
	Diapositiva 57
	Diapositiva 58
	Diapositiva 59
	Diapositiva 60
	Diapositiva 61
	Diapositiva 62
	Diapositiva 63
	Diapositiva 64
	Diapositiva 65
	Diapositiva 66

