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BEAM TESTS OF VMM3 READOUT

✦ Setup with small (20cm × 20cm) straw tracker + VMM3a readout at RD51 testbeam:

● Two double layers XX+YY with straws staggered by half diameter;

● Indepedent tracking system with 3 GEM detectors (σ ∼ 50µm) equipped with VMM3 readout;

● SRS readout system with Felix based DAQ.

✦ Ongoing testbeam at H4 CERN beamline (21 October - 7 November 2021):

● High energy µ,π with E ∼ 160 GeV;

● STT setup installed in H4 beamline on 20 October (JINR);

● Usable data taking from 25 October with all detectors working properly.

✦ Comparison with data taken in August 2021 using the different NA64 readout.

Roberto Petti USC
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VMM3a readout 
(64 YY straws)

VMM3a readout 
(64 XX straws)

Straw tracker: 
two double layers

XX + YY 

~ 20 cm
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Scintillator

GEM 1 GEM 2 GEM 3

Straw tracker: 
two double layers

XX + YY 

H4 testbeam setup

SRS backend crate
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✦Automatized VMM3a test stand 

✦Optical system to read serial numbers of the 
VMM3a chips being tested 

✦VMMT: multi-functional test board for testing 
and characterization of VMM3 ASICs developed 
by Tomsk State University (Russia) for ATLAS 

VMM3A TESTING

✦ Procedure to test and validate VMM3a ASICs used for 42,000 chips in ATLAS NSW

✦ All VMM3a chips procured by UofSC tested at CERN using ATLAS NSW procedure:
average yield about 70% for best selection (green) for a total of 150 chips.

Roberto Petti USC
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Phase-1 activities: VMM3 testing
1 ) Testing and certifying of the VMM3a ASIC chips used in the frontend readout 
electronics in the Micromegas and sTGC subdetectors of the New Small Wheels 
(NSW) detectors of the ATLAS detector;
- development and building of four test systems for VMM3a AISC testing and certifying;

- testing and certification of 42000 VMM3a chips used in NSW detectors;

Optical code reader

VMM3a VMMT

VMM3a chips test stand
1. Visor code reader – an intelligent bar 

code and printed data-code reader 
system used to read serial numbers of 
the test VMM3 chips;

2. High performance and radiation hard 
VMM3a ASIC chips during the testing;

3. VMMT – a multifunctional test-board 

for VMM3 ASICs testing and 
characterization developed at TSU;

High Energy Physics Data Analysis Laboratory

National Research Tomsk State University
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PREPARATION FOR PROTOTYPING

✦ Measurements of straw elongation and tension vs. internal gas pressure (GTU):
● Straws with 4.9mm diameter, 12 µm & 20 µm walls, produced by ultrasonic welding;

● Studied tension drop with increase of internal pressure starting from initial pre-tension.

✦ FE analysis of deformations induced by gas pressure, wire and straw tension:
● Removable lids giving access to gas manifolds and FE boards, gas tightness (O-rings, etc.);

● Connection of individual straws to C-composite frame and related gas sealing;

● Study interplay between internal overpressure and wire/straw tension.

✦ Design of the prototype & mockup:
● Prototype 1.2m × 0.8m in C-composite, based on design & parts as in full scale STT modules;

● Mockup 35cm × 35cm in plexiglass, for preliminary validation tests.

✦ Procurement of components for the prototype:
● Finalized straw parameters: 4.9mm external diameter, 20 µm walls, COMET film (double Al?);

● Mockup frame to be machined in plexiglass (Hamburg/DESY);

● C-composite frame for prototype: evaluating vendors in USA, Italy, and India;

● Options for manufacturing 1,500 endplugs: machining, 3D printing, injection molding.

Roberto Petti USC
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10/26/21 3

Applied pressure:
0.092 MPa
Applied Force:
100N (for 336 wires)

Otari Kemularia (GTU)
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Gas pressure only: 
+Z 0.032 mm
-Z 0 mm 

Gas pressure + wire tension: 
+Z 0.02mm
-Z 0.0002mm 

Gas pressure + wire tension
+ tension from straw walls: 

+Z 0.005mm
-Z 0.004mm 
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35 cm x 35 cm mockup

20 cm
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Backup slides
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JINR built 7 detectors 1.2 m x 0.6 m for NA64
sent to CERN in August

6 detectors will be on beam from October 29
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Prototype with Four Tubes

D. Bick (UHH) SHiP SST March 27 2020 19 / 24

Test of 5m long straws for SHiP at the University of Hamburg

Straw Tube Tracker (STT) at PU

23/03/21 Bipul Bhuyan | SAND: Indian Activities, Plan and Status6

Cathode tube

● Material: Mylar
● Outer Diameter: 9.67 mm
● Inner diameter: 9.6 mm
● Length: 181 cm

Anode wire

● Gold plated tungsten
● 20 µm thickness
● Tension: 50 gm

Operating Gas – Pre-mix Ar+Co2 (70:30)

Panjab	University	Chandigarh

Faculty:	Vipin	Bhatnagar,	Sushil	S.	Chauhan		
Ph.D.	Students:	Prachi	Sharma, Bhumika	Mehta,	Riya	Gaba*

*:	New	Student	- Can	work	full	time	of	Straw	Tubes

Test of 1.8m long straws for STT 
at Panjab University
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Measurement of elongation and tension with straws 1.0 m long, 5 mm diameter Tested on 1 m length tube with 5 mm diameter and 20/12µm wall thickness
 In case of 2 bar relative pressure, straw elongation for 20µm is 0.7mm (0.7%) and for 12µm Is 

1.32mm (1.32%)
 For 1m tube, elongation at 2 bar of relative pressure corresponds to the applied weight of 124.6g for 

20µm tube and 159 g for the 12µm tube.

Elongation of fixed tube based on pressure change Tube elongation with weights with no pressure

G. Adamov, N. Tsverava (GTU)
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Expected maximal elongation for 4m long straws ~2.6 mm
similar maximal frame deformation expected with assembly based on pressurized straws

Straw numbers Length Diameter Thickness Elongation at 1 bar 
(relative)

Weight

1 1 m 5 mm 12 µm 0.66 mm 78.5 g

1 1 m 5 mm 20 µm 0.35 mm 56 g

1 0.5 m 5 mm 12 µm 0.276 mm 35 g

1 0.5 m 5 mm 20 µm 0.17 mm 44 g

400 1 m 5 mm 12 µm 31.4 kg

400 1 m 5 mm 20 µm 22.4 kg
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Max deformation:
Lid – 0.33mm
Side panels – 0.13mm

Otari Kemularia (GTU)



Araldite 2019

Stycast 1266

Plastic

Composite
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Seog Oh (Duke)
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Another view of endplug and gas seal

Conductive epoxy

Connection to the ground plane

Sealing epoxy +potting epoxy

ground plane



WIRING OF STRAWS

✦ Consider a new wire support:
● “Twister” design used in ATLAS TRT can simplify wiring procedure;

● Wires can be replaced even after completion of module assembly;

● Increased mass & inefficiency (∼ 7mm long).

✦ Old design of wire support:
● Minimized mass & inefficiency (3.5mm long);

● Wires cannot be replaced after module assembly is completed & end-plugs are sealed by epoxy.

Roberto Petti USC
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Prototype 50cm x 50cm tested at JINR with 
VMM3a readout FE boards from Mu2e Cathode Strip Chamber test stand (BNL) 

EXISTING PROTOTYPE

Roberto Petti USC
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Validation of VMM3a readout with the prototype at JINR: 
signals from cosmic rays and 55Fe source with Ar/CO2 80/20

using FPGA-based DAQ readout with existing VMM3 firmware+software 

VMM3 
DAQ readout:

55Fe signal



HiResMν:

Costs and Detector Design

R. Petti

University of South Carolina

LBNE Near Detector Workshop

Columbia SC, December 12, 2009

Roberto Petti USC

33.5

34

34.5

35

35.5

36

8 10 12 14 16 18 20 22

Te
m

pe
ra

tu
re

 (C
)

Inlet gas temperature (C)

Chip temperature vs. inlet temperature

FPGA
VMM3

Figure 53: Thermal simulations of the STT module: dependence of the chip temperature on the inlet temper-
ature. A Xe/CO2 70/30 mixture at 1.9atm is used with a gas flow of 15 liters/min, a 2mm Al plate, and a
thickness of the gas manifold of 16mm.
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20min 20min 20min
0.1 l/min 5 l/min2.5 l/min

Staw 1

Gas flow (Ar:CO2/70:30)

Staw 2

Figure 54: Measurement of the e↵ect of an increased gas flow on the gas gain with a Ar/CO2 70/30 mixture
with the STT prototype at JINR. The maximal tested gas flow rate is more than 2,000 times higher than the
ones required for the self-cooling of the STT modules.

of HV channels is limited to 4 per STT module. Each FE board requires one LV channel supplying 10V and
one digital connection to the back-end readout electronics (FELIX). As a result, the maximal number of
electrical connections in/from a module includes: (a) 4 HV input cables; (b) 6 LV input cables; (c) 6 digital
output cables. We evenly split these connections between the two corner elements which are not used by the
gas inlet and outlet. Figure 43 shows the CAD engineering drawing of such corners. Each corner dedicated
to the electrical connections integrates 2 SHV connectors, a single LV connector of type C091D with 6 poles,
and 3 miniSAS digital connectors mounted on a small flange printed circuit board.

Figure 44 shows the arrangement of the electrical connectors and the scheme of the internal wiring of
the modules. All straws within a module share a common grounding, which is connected to the walls at
the side of the straws located within the input gas manifolds. To this end, a flexible connection is used
via a single strip of thin kapton film (50 µm thick) covered by a copper metallization (100 µm thick), as
shown in Fig. 46. The straw walls are extended beyond the end-plug to allow the insertion of the ground pad
connections and a small plastic ring is added into the resulting cylinder to guarantee a good electrical contact.
A combined HV and signal connection for the wires is present at the opposite side of the straws within the
output gas manifolds. Appropriate HV decoupling capacitors are mounted on the FE boards. This electrical
connection is routed through a flexible kapton printed circuit board with contact holes characterized by 6
inward-pointing petals, as illustrated in Fig. 47. The flexible PCB stacks 8 separate layers, each of them
connecting 64 straws, corresponding to a single FE board.

Cooling and Thermal Analysis

The integration of the FE boards within the frames of the STT modules, which are also serving as gas
manifolds, imposes some constraints. In order to guarantee the gas tightness required by the use of a Xe
based gas mixture we need to install the FE boards directly inside the gas manifolds to prevent a large

42

Monitoring of gas gain with increased gas flow up to 2,000 times nominal (JINR)

55Fe
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