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Why a Straw Tracker?

« thin walls - small material budget from 12 um

. itis possible to work in a vacuum

« large area — up to 10 m?

« reasonable production cost

« good spatial resolution (100-200 um)

« possibility to use time-over-threshold or ionization charge measurements for noise
reduction or particle identification at low momenta

« can work with over pressure over large areas




Detection process

—— ﬁrinciple of a straw
H“. position measurement. A

..T. - = \
“, : ! . . e .
‘ \\ JZ/// \ ionizing particle passes

at the distance | from
anode wire, creating
lonization clusters along
Its path. The primary

-/Anode Wire|

Possibility of using the latest
electron signal (from straw
wall) as a self-trigger

It is necessary to measure the
charge Iin the track to determine
the value of dE/dx or dN/dx

electrons will drift to the

— Ll L1
N

___.=-_:-_-_:-:-_%_fff?ff.?:?5'35-?'773L

CLOSE to WIRE MIDDLE

STER WALL

CLOSE to
WALL

| |

el L]

AMPLITUDE

PARTICLE

CLUSTER ‘ CLLSTER WALL

FALLING EDGE
ALWAYS THE SAME



STRAW winding

* radiation resistance+
* shape retention+

* diffusion of gases-
 elastic deformation range-
* sensitivity to humidity-

ATLAS, LHCb, COMPASS, COZY-TOF,
NA64, Mu2e, PANDA, CBM...

STRAW welding

 elastic deformation range+ ..,"-:ii'-'-"""""."";‘;ﬁ“
e sensitivity to humidity+ 7
 diffusion of gases+

* retains shape under-pressure-
* radiation resistance-
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NA62, COMET, SHiP, DUNE, SPD...



Type of straw trackers used In different experiments

Straw winding Straw welding

e ATLAS EAXI!T .ﬁNST e NAG2

e LHCb e COMET

* PANDA ; e SHIP .

« CBM e DUNE (NICAS
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ATLAS(CERN,Geneva)

350,000 read-out channels

*Volume 12m3

*Basic detector element: straw tube with 4mm

diameter, in the centre a 0.03mm diameter gold-plated

tungsten wire

50,000 straws in Barrel, each straw 144 cm long. The
ends of a straw are read out separately

forvrd oot «250,000 straws in both endcaps, each straw 39 cm

LAr electromagnetic calorimeters | O n
Muon chambers Solenoid magnet | Transition radiation tracker g

AN *Precision measurement of 170 um

Tl *Provides additional information on the particle type
that flew through the detector, i.e. if it is an electron or
pion

Pixel detector

R = 1070mm

" Shell thickness

is ~400 um -

- Endcap modules: 248760 straw
Module of type A (PNPI) 147456 straw
Module of type B (LHEP) 08304 straw




COMPASS(CERN,Geneva)

Muon Wall 2,

| Termination Boards | ) Read Out Physical Hole

STRAW oSSR T
module ST05 B | Transversal
Al-plate
g;(?:véer::;du'e SM2 10 mm Straws, -
; ol sictice A &C Physical Hole
% 3 ﬂi STRAW R with gas manifold
Target ¢ A P _,,'-’"""'}A \ module ST06 6 mm Straws, ~—— % Carbon Strips |
LA E section B t /

MWPC, GEM, Scifi, W45

. Longitudinal Al-bar |___ | ST
7=~ Muon \Yal 1 | and Gas Manifold
| Front-end cards I\ e == —
sTRAw Yy R [V
module ST04

" - -F- '
Miciomegaa, DG, S Fig. 2. Schematic view of a chamber (type X).

*12440 read-out channels

*Volume 130m3

*Sensitive area 2802x3232(mmxmm) for X, 3254x2427(mmxmm) for Y

Straw tubes of different size (6mm and 10mm diameter) instrumented with 30um diameter gold-plated
tungsten wire

Drift distance resolution: 200 um



SHiP(CERN,Geneva)

NI
Target oy N
Magnetic p-shield Spectrometer = —
Emulsion Vacuum decay-vessel | =
' — —

eUltra light straw detectors in vacuum 7200 straws 4 XYUV station

*Sensitive Area 5x10m?

*Straw tube with 20mm diameter, in the center a 30mkm diameter gold-plated tungsten wire
eLength of straw 4m

*Drift distance resolution: 160 um
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*768 straws

*6 XY station
estraw tube with 6mm diameter, in the
centre a 30mKkm diameter gold-plated

tungsten wire

*Length of straw 20 cm

*Drift distance resolution: 200 um

*Planned upgrade: 8 XY station with size 1200x600 mm ~ 4000 channels



COMET(J-PARC,Tokal)

9.75 mm diameter conducting
straws, metalized polyimide film of
20 um thickness. Anodic wires 25
um diameter gold plated Tungsten
wire. The baseline choice of the gas
is Ar/Ethane (50:50).

Muon transport

\

detector for
M-€ conversion

Pion pro

o
- —
- -~ -

COMET Phase-| Layout

Metal Deposition

Photo

Current Status

Straw Wall Thickness -

Straw Diameter :

.. <

‘ 36 nm._

..98mm
- Cu+Au, 70nm

In Operation iUnder Construction Just Developed

AI, 70 nm

| COMET Phase-| |
. 20pm
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_New Straw_
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MuZ2e (Fermilab, Chicago)

electron trajectory in a 1T magnetic field

Hit rate: > 5MHz/channel, 500 ns after proton bunch hits production target
Operation time: > 10 yrs -\
20,736 straws 6 um Mylar + 3 um adhesive + 6 um Mylar double helical wrap

High radiation survival (structure & electronics) " e
Straw diameter: 5 mm

Lengths: 45 to 120 cm Inner wall coating: S00A Al + 200A Au, Outer wall

coating: 500A Al Production (4.5 - 2.5T)
Solenoid

Tracker must be improved =2 2030 .... 3 ; «—— 8 GeV protons (8 kW)

Transport (2.5T) 20 m downstream
Solenoid STM

Detector
Momentum Solenoid (2.0-1.0T) & CRV

Selecting N m—
N v U

e e ” W e o 5 s O S

Al-Stopping
Targets Calorimeter
11




PANDA(FAIR,Darmstadt)

STT LAYOUT

© 4636 straw tubes in 2 semi-barrels around beam/target pipe
© 23-27 planar layers in 6 hexagonal sectors

© 15-19 axial layers (green) parallel to the detector axis

© 8 stereo layers (£ 2.89°) for 3D reconstruction (blue/red)
¢ Length: 1500mm + 150mm (RO upstream)
“ Rin/Roy: 150 /418 mm
“ Angular acceptance: near 4n
“ High momentum resolution: 6,/p ~ 1-2% at B = 2 Tesla
“ High spatial resolution: o,, ~ 150 (100) um, o, ~ 3.0 (2.0)
mm (single hit)

End plug | Gas tube

. Wire o
/ ! Electric | Fixation ring
/ Crimppin | contact

Solenoid

Barrel TOF

Beamp

GEM Detectors

Micro Vertex Detector Mini Drift Chambers

Central Tracker

Targetsystem

Muon Detection

EM Calorimeter

Muon Range System

" TOF Wall

Barrel DIRC [Straw Tube Tracker]




GLUEX(JLab,Virginia)

Straw tube chamber Example of cylindrical
1.5m long x 1.2m diameter chamber with stereo angle

3522 straws, 1.6cm diameter
28 layers, 12 straight, 16 stereo

\\,\, barrel  time-of
I_ U E calorimeter -flight
start

counter

forward calorimeter

target

photon beam

diamond
wafer

forward drift
chambers

central drift
chamber

electron
dlackion tagger magnet beam

beam tagger to detector distance
is not to scale

superconducting
magnet



2360

= ... SPDNICA(JINR,Dubna)

* Main tracker system of SPD

e Straw diameter 10mm thickness 36mkm PET

* Spatial resolution of 150mkm

e Barrel is made of 8 modules with up to 30
double-layers, with the ZUV orientation

* Endcaps are made of 12 double-layers with the
XYUV orientation

* Vast experience in straw production in JINR for
several experiment: COMPASS, NA-62, NA-64,
SVD-2; prototypes for: CREAM, SHiP, COMET,
DUNE.

Straw layer scheme

Straw modules scheme

Carbon fiber 30 double

frame layers of straw

Carbon (x2 zoom)
capsule

AT100

1700




NA62(CERN,Geneva)

E
=27 STRAW CHOD
NA62 straw spectrometer: 7 ANTI-0 LAV spoy MUV1,2
 Straw diameter: 9.8 mm . - o rieaf ]I UV3
| Target KTAG GTK i
* Material: 36 um thick PET 0- — Xmmmm=it CHANTI Vacuum J
* Plating: 50 nm copper + 20 nm gold | SAC
1] _ .} [RICH
* Wire: 30 um tungsten wire | ! J TR IRC Dump
2 Deca -
»  Gas: Ar+CO, (70:30) ’ ~— Region —t= LK|
* 4 chambers, 7168 straws in vacuum D T P

* ~30 straw hits per track

e Total material budget: 1.7% X,

* Dominated by the PET (70%)

* Single straw timing performance:
e Maximum drift time: ~150 ns
e Leading time resolution: 3-4 ns

* Trailing time resolution: ~30 ns




STT for DUNE

Thin (1-2% X,) passive target(s) separated from active tracker of negligible mass (STT)

» Many target layers dispersed within tracker by keeping low average density p~0.18 g/cm?3
* Replaceable targets of high chemical purity give ~97% of total STT mass (straws ~3%)
* “Solid” hydrogen target from subtraction between CH, (polypropylene) and C (graphite)

straws

37.7180
18.6600
5.0000 —5.0000
%
. ah
Z Tunable % " ’
é target é Radlat?r: 4
é slab % 105 foils
/ >
/ } < 3% of mass
. il .
/%” (fl H XX straws YY
|
//I//é:! |H i It .}
Replaceable by nuclear target: < |
C,Ca,Fe, Pb,Ar, etc.
v ' >

< Total thickness ~ 0.015X

Straw outer diameter: 5 mm
Wall thickness: 20 um or lower

Double film metallization: 70 nm
(inner) + 70 nm (outer)

Wire: W/Re 20 um diameter
4 straw layer XXYY glued assembly

Operated at internal overpressure
of about 1 bar (2 bar absolute)

Thin modules with light C-
composite frames

Compact low-power frontend
readout integrated into frames
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Ultra Sonic Welding (USW) Straw Trackers

for future experiments

SHiP @ SPS [2]

Diameter [mm] 20

Length [m] 4

Film thickness [um] 36
Metalization [nm] 50(Cu)+20(Au)
Operation pressure 1atm

N of straws ~20 000
Occupancy [kHz] 10-100

Readout (under
development)

time + time-over-threshold,
rising edge shape (optional)

DUNE (SAND) [3]

SPD @ NICA [4]

time + charge (PIE J

-y 10 ||
upto 4 \ 2.4 K .
2t | ) ( /33@35»\
70(!—\\|) double-sye/ N 70(Al) \l ‘
= A 4 /
2 atm X 1 atm S
~250 000 ~30 000
<1 15-150

time + charge
(PID)

The possibility of using this Straw tracker is also considered for FCCee




Straw welding-production lines

L.Gas Inlet

JINR (Dubna) — operational for mass production —Cx— Joint Institute for Nuclear

(el Research
« Up to 5.5 m straw length with speed of 2 m/min
GTU (Thilisi) - operational ﬁ"‘ ez
SEFAR (Swiss industrial company) - operational S EFAR

PNPI (Gatchina) - developing @

INP (Almaty) — developing mass production lines




Project new production line in JINR and INP

« Commissioning JINR- May 2025

 Lengh-12m

 Start of construction of production
line at INP of May 2025

« Commissioning INP— July 2025

* Production speed is about 2 m/min

« The production line will be
iIntegrated with many automated
control systems

 Itis planned to use artificial

intelligence to determine the quality

of the seam
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INP Personel traning at JINR Straw Production Site

added a new microscope with better resolution for visualization
Improved the seam positioning system

production line speed ~3 km/month

active work is underway in the field of R&D with colleagues from the INP
Installed a laser

Temur Enik for the StrawTrackerRD team 20



Advancing the USW technology : production quality control

During production: Post-production:

overpressure tests guarantee
good long-term operation

visual control of seam quality
ap express stress test at the

beginning and at the end of

visual control of the seam stability
the position of
| head Short-term test: several minutes - NA62: 3 atm, DUNE: 5 atm
Long-term test: “month - NA62: 1 atm, DUNE: 3 atm
Continuous measurement e Measurement of the inner

of outer straw diameter
during production

* straw diameter (both straw
ends) with tools;

-

Fig. 5 Sensor unit SU Fig. 6 Controller CU

A measurement system consists of: - laser

- controller



Advancing the USW technology : production from
double-side Al-metalized film

&4

\\\\ ‘4

the process of |
removing metallizatiogn__ﬂV |
from the edge of the 4
tape using a laser

/i \
2T \

during welding | '- LU
the process of Removing the
destruction of the metallization

ultrasonic head under
the influence of
aluminum oxide

made it possible
to achieve the
required quality

22



Test of mechanical strength of the welding for
DUNE STT straws at CERN

JINR 2010 (36um)  JINR 2022 (19um) DUNE 2024 (19um)

Stress at break 5, (MPa) 103.5+ 0.9 102.2 £ 20.8 95.99 + 19.64
Force at break (N) 36.0+14 31.0+£16.7 2762+ 5.14
Force at break per unit length
(N/mm) 240 2.06 1.82 £ 0.37

CERN Straw analysis

JINR Weld 36 pm-2010 JINR Weld 19 uym-2022 STT Prototype Weld 2024
Samples

Test of mechanical strength of the welding for STT straws at CERN



Prototyping

The first prototype((1200x800mm) was built at CERN in late 2023
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T h e S P S Setu p Reference tracking:

* MM detectors (250 um, 400 um) + Tiger readout (Torino University)

Jura side

_ ] ) ‘£ Under test: a combined straw tracker prototype + two types of

*FEs A reference tracklng 1 readout: Tiger and VMM3

GR1 FEB3 MM2 m MM3 N

! (new) & Goals: g e

N -y
Oﬁ;j » evaluation of the realistic noise prediction and thresholds settings for the £
<@>‘/< X developing ASICs (Dune, DRD1-WP3)
> (\7/
Q(,) * evaluation requirements for SHiP STT readout

Coordmate resolut|on 10mm, VMM3 + evaluation of TimeOverThreshold mode capability for straw readout with [z
oot maimecs . ‘ Tiger ASIC (to be continued at H8)

+— Derivative [100um Bin] 404056

e
~

l
Lo * evaluation of the charge measurement requirements for future PID optlo
LR 8 (to be continued at PS T9)

—%— Suchonos [100um Bin] 404056 | !

5
@

2
«

resolution, mm %(mm)

v Improved reference tracking resolution

v TIGER readout for high charge/high rate under study]

"7 X codrd, mm® ek . .
v Upgraded TIGER FEB and cooling design

T(R), 20mm . . . _ &) NeShd)
e v Efficient data taking at H4, studies to be continued x ;

v Offline analysis started

it Nlawvi:s ~mvadbafiid A PMIMNMEAINAMNA fAr At Ave A A

et m et m mmreme mm o mmee— — i — - g — e — — -
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