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Outline
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- SAND Inner Tracker requirements

- Straw Tube Tracker (STT) design

- STT prototypes

- Performance evaluation

- Readout electronics

- Gas System

- Cooling

- Schedule

- Costs



  

SAND requirements*

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

● Mass of ~5 tons to provide a precise measurement of nm CC spectrum

● Muon momentum resolution 5% @ 1 GeV/c, < 10% at 5 GeV/c

● Localize neutrino interaction vertex in the target material (precision < 5 cm)

● Time resolution < 10 ns to distinguish particles from different buckets (18.83 ns)

● Low average density (~0.2g/cm3) to minimize multiple scattering

● Charged particle point resolution < 1 mm to provide wanted momentum resolution

● < 1 X0 and <1 lI from tracker center to ECAL

● Use C and H rich target to extract cross section on protons

● Combine H cross section with LAr cross section to correct systematic errors



  

The Straw Tube Tracker (STT) 
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The calorimeter inner volume 
can be filled* by a set of 
modules alternating C and 
CH2 target planes and layers 
of very light straw tube layers.

The main parameters of the 
proposed STT are: 
● magnetic field B = 0.6 T 
● average density ρ 0.17 g/cm∼ 3

● radiation length X0 3.5 m∼
● ⊥tracking sampling 0.15%X0

● // tracking sampling 0.36%X0

Total fiducial** mass 4.4 tons
Total thickness ~1 X0

* The first part of the calorimeter volume is left free for the GRAIN LAr detector
** 20 cm from edges



  

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 straws 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 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)



  

STT proposed structure
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Default STT configuration with 925 mm upstream 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 module XXYY (28 mm)

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



  

STT straws
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Max production rate for 5 m long straws: ~100/day

Straw production lines with ultrasonic welding currently operational:
1 JINR (5m) + 2 GTU (Tbilisi, 2×5m)+0.5 GTU (JINR, 2m)

Expected total straw length produced in 3 years (1 year=200 days):
50 straw/day × 600 day × 3.5 × 5 m = 525 km
with 16 people operating the 4 production lines + quality control

Existing straw production capacity not far from the wanted 700 km

In preparation at Almaty (Kazakhstan): 5m (2024?) + 12 m (2025?)



  

Prototyping activities: CERN test beams
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Long test beam activity started in 2021 at Cern H4 

Mixed two layers of 5mm longitudinal straws has been 
tested at the H4 line at Cern

Further beam test time available at PS T9 starting 
from October 2024

Space-time 
relation
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Long test beam activity started in 2021 at Cern H4 

Mixed two layers of 5mm longitudinal straws has been 
tested at the H4 line at Cern

Further beam test time available at PS T9 starting 
from October 2024

dE/dx

Prototyping activities: CERN test beams



  

Prototyping activities: 80x120 cm prototype
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A 120x80 cm prototype has been built at Cern in November 2023:
- ~700 Straws (+spares) produced from GTU
- C-fiber frame (see F. Raffaelli’s presentation)
- first version of integrated readout 
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64 (XX)+64(YY) straws wired
Custom readout board using VMM3a ASIC chip

Prototyping activities: 80x120 cm prototype
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64 (XX)+64(YY) straws wired
Custom readout board using VMM3a ASIC chip

Prototyping activities: 80x120 cm prototype
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Further beam test time 
available at PS T9 starting from 
October 2024

New 120x80 cm prototype will 
be built in Pisa in September 
2024 (see F. Raffaelli’s talk)

Prototyping activities: 80x120 cm prototypes



  

Readout electronics: integrated boards
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Readout electronics
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Readout electronics: existing chips

17



  

Readout electronics: backup solution
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Readout electronics
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Readout electronics
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Gas system
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Gas system
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Gas system
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Gas flow simulation
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Thermal simulation
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Assembly sites

26



  

Schedule (to be updated) 
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Test beam of  120x80 module end of 2024 – start of 2025 at Frascati BTF
Technical choice between STT and DCH expected by summer 2025

First STT full scale prototype in advanced procurement status planned to start end of 2024 in Almaty 
First full scale module construction in Italy SJ to technical choice 

Assembly sites in preparation in GTU, Kazakhstan and India 
Italian production sites preparation waiting for technical choice

Custom ASIC chip order waiting for technical choice



  

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*)

Oct 2030 – Jun 2031: detector commissioning

Jun 2031: First beam

* Assuming 2 months for each of the 86 modules and 4 assembly sites



  

Cost estimate (obsolete from 2020) 
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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

Almost final estimate of core costs ~5M$ still to be presented to the 
working group (slightly lower than previous estimate) will be discussed 
and reviewed within the collaboration in the next months



  

BACKUP
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SAND capabilities*

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



  

SAND inner tracker capabilities goals*

33* 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)
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