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TRT = Transition Radiation Tracker 
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TRT in ATLAS Inner Detector

TRT detector:

 ~0.4 M channels

 Single hit resolution: ~130 μm (rφ)

Momentum resolution: 

σ(pT)/pT = 0.05%pT ⊕ 1%

 TRT geometry gives ~30 two-

dimensional spacepoints for

charged particles with |η|<2 and 

pT > 0.5 GeV/c

 e+/-Particle ID by detection of transition 

radiation γ with |η|<2 and p>1 GeV/c

The TRT is the outermost and largest of the 

three sub-systems of the ATLAS Inner 

Detector. It is designed to operate in the 2T 

solenoidal magnetic field at the LHC design 

luminosity  (L = 1034cm2s-1).
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TRT Design  

• The straw is made by spirally winding 
and fusing 2 bands of aluminized kapton.

• The aluminized surface is protected by 

a carbon-polyimide coating. 

• The outside surface of straw is laminated 
with 4 bundles of carbon-fiber filament 
to improve electrical/thermal 
conductivity and mechanical strength. 

• The straw tubes are 4 mm diameter with 
a 31 μm diameter gold plated tungsten 
anode wire in the center. 

• The wires are in individual gas envelopes

• The straws work in proportional mode 
with a -1.5 kV potential in the straw wall 
with respect to the wire that is held at 
ground. 

The TRT is made of thin-walled straw drift tubes with a single hit design

resolution of 130 μm.

Enforcement 
carbon-fiber 

bundle

Ruslan MASHINISTOV - P.N. Lebedev Institute of Physics (FIAN) IHEPLHC2010



TRT Design 

• The Barrel covers |η| < 1

• 52544 straws 1.44 m in length are oriented 

parallel to beam axis

• Wires electrically split in the middle to 

reduce occupancy (1.5 cm dead region)

The TRT consists of three parts, a barrel and two end-caps.

TRT Barrel:

• Each straw has an independent readout on both ends

• The straws are arranged in 3 layers of 32 modules each

• The transition radiator material which completely 

surrounds the straws inside each module consists of 

polypropylene-polyethylene fiber matting.

• 105088 readout channels
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TRT Design

• The two end-caps cover the region: 1 < |η| < 2

• Each end-cap contains 122880 straws 39 cm in length 

radially aligned to the beam axis

• 20 wheels with 8 straw Layers

• The TRT end-cap radiators are disk-shaped stacks of 

alternating layers of thin plastic film and sheets of a spacer 

fabric

• 122880 readout channels

TRT End-caps:
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End-cap  radiator



• Accurate pT measurement in conjunction with the Si tracking detectors:

 Long arm needed

Many hits (30-40 TRT hits per track)

 Impact of TRT on Pt resolution measured in Cosmics and collision data

• Provide Electron Identification

• Very high occupancy: up to 30%

• Very high counting rate: up to 20 MHz/straw

 Time between bunch crossings: 25 ns

• Minimal amount of material (in radiation lengths)

• Hard radiation environment

 ~10MRad

 ~1014 n/cm2 year

• Fast and chemically passive straw gas: ageing

• Chemically resistant straw materials

• Extremely precise and robust mechanical structure

 Tolerances <30 μm

• Temperature stability: cooling

TRT Design
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1988: Initial paper published on TRT concept

1989: R&D for the TRT begins (1990: RD6)

1994: LHC machine approved. First full-size TRT prototype completed (10’000

channels for end-cap wheel)

1996-1998: Major Technical Design Reports for ATLAS construction approved

1998: ISTC project #441

2000: Assembly of Barrel modules and end-cap wheels starts

Front-end electronics specified and vendor chosen

2001: ISTC project #1800

2006: First cosmic track recorded

2006: Installation of Barrel ID in ATLAS cavern

2007: Installation of ID end-caps in the cavern

2008: TRT routinely operated

Various Milestones Cosmic runs

September 10th: first LHC beam seen (beam splashes)

2009: Stable operation

Spring/Summer Cosmic Combined runs

October ATLAS 24/7 operation first collisions at √s=900 GeV

2010: Stable 24/7 operation

first high energy proton collisions √s=7 TeV

Timeline
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Principles of Operation

Particle arrival

T0 TDrift

TMeasured

• 4 mm straws with drift time (TDrift) 

measurements for increased spatial 

resolution

 The measured drift time depends 

on the position along the straw, gas 

density, threshold setting,...

 Need to be converted into 

distance with a proper R-t relation 

(drift radius)

 R-t relation is straw dependent 

and time dependent
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• T0 depends on ToF, cable lengths, 

electronics delays, etc.

 Different for each straw

May change from run to run

 calibrated every 24 h

Principles of Operation

Particle arrival

T0 TDrift

TMeasured
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TRT R-T dependency

• Converts TDrift to distance 

measurement used in tracking

• Gas composition, gas conditions 

and magnetic field dependent

Can change with time and 

from straw to straw

• Calibrated every 24 h

proved to be very stable

same performance 

900GeV/7TeV

One R-t fit is used for all TRT 

straws
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• During cosmic runs a good understanding of 

the Barrel was achieved

• Cosmic rays measurements did not allow to 

study end-caps in detail. Further analysis and 

alignment is required to achieve similar 

performance as the Barrel

• The 7 TeV data taken with the post-collision 

alignment (using 2009 cosmics+ 900 GeV data) 

is improved compared to pre-collisions 

Alignment (using 2008 cosmics), but still 

differs in end-caps from Monte-Carlo 

simulations with perfect geometry

TRT Performance - Resolution

Ruslan MASHINISTOV - P.N. Lebedev Institute of Physics (FIAN) IHEPLHC2010



TRT Fast-OR Cosmics Trigger
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The TRT “Fast-OR” trigger is the highest rate cosmic-ray trigger of the

ATLAS Inner Detector. It uses a fast trigger generation circuit on the front-end

electronics and a simple trigger logic circuit on the TRT trigger, timing and control

board.
TRT front-end electronics 

The custom made radiation-hard TRT frontend electronics implement a two threshold

algorithm to discriminate the signals: a low threshold (<300 eV) for registering the

passage of minimum ionizing particles, and a high threshold (>6 keV) to flag the

absorption of transition radiation X-rays.

It consists of analog and digital chips, mounted in Barrel on the opposite sides of PCB 

and in End-caps – on separate PCBs located on top of each other. TRT readout chipset:

• ASDBLR – “Amplifier Shaper Discriminator Baseline Restorer” – analog integrated 

circuit

• DTMROC – ”Digital Time Measurement Readout Chip” – digital integrated circuit

End-cap digital

Barrel analog



TRT Fast-OR Cosmics Trigger
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• Motivation:

High good-track rate in standalone and combined running

Enhance track rate in the end-cap region

Independence from other systems

• After Sept.2008 LHC incident -> decision to finalize the trigger

• Configuration: use DTMROC high threshold signals lowered to MIP levels

• Implementation was quick: first tracks – end Oct.2008, timing-in completed 

May 2009

• The number of recorded cosmic muons tracks was doubled in just a week

Data from the June 2009 combined run with the full Inner Detector shows:

 Total TRT barrel trigger rate of 8 Hz on cosmics tracks with a track purity from

offline reconstruction of 98%. The endcap trigger rate is 13 Hz.

Using tracks triggered by the Calorimeters, the trigger efficiency in the barrel is

estimated to be 75%.

• Very good trigger timing jitter of 9 ns

• Trigger rate ~10 Hz with a high purity of >90% events with tracks

• Became a major player in ATLAS commissioning:

 reference trigger for timing-in of other ATLAS triggers



TRT Fast-OR Cosmics Trigger
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Each straw that exceeded the HT (red straws) 

contributes to the trigger signal. The trigger 

granularity is roughly one green-bordered 

segment (one TTC line with 200 straws). Each 

red-bordered segment contributes to the trigger 

decision. A set of 9 such segments makes a “phi 

sector” ( 1/32 in azimuth), labeled from 1 to 32 in 

the Figure. The trigger logic comprises 4 adjacent 

phi sectors (36 TTC lines) and was configured

to generate a trigger if there are at least four red 

segments.

Example of an event display with a track 

from a cosmic ray traversing the detector. 



TRT Performance - Efficiency
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o The TRT efficiency is defined as the number of

straw with a hit on the track divided by the

number of straws crossed by the track.

o The known non-functioning straws (2%) are 

excluded from this study

o Same performance 900GeV/7TeV

o Track selection cuts:

Pixel hit >=1

SCT hits >=6

TRT hits >=15

pT > 0.5 GeV

|d0| < 10 mm

|z0| < 300 mm



TRT Performance - Particle Identification (0.9 TeV)
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Transition Radiation:

• Photon(s) are emitted by a charged particle

traversing the boundary between material with

different dielectrical constants ε1, ε2

• Intensity I ~ γ = E/m, θ ~ 1/γ

• Emitted photons per transition ~O(αEMγ)

Many transitions needed

• Emitted energy ~(ε1 - ε2)

gas and light plastic, photon energies 5 

– 30 keV

• To detect TR photons, a gas with a high 

photon absorption cross section is required -

use a Xe-based mixture

The TRT is able to separate electrons from 

pions over a momentum range between 

1 GeV/c < |pT| < 150 GeV/c

• requirement for the selection of electron

candidates: HT probability on track > 12%



TRT Performance  - Particle Identification (7 TeV)
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Transition Radiation:

• Photon(s) are emitted by a charged particle

traversing the boundary between material with

different dielectrical constants ε1, ε2

• Intensity I ~ γ = E/m, θ ~ 1/γ

• Emitted photons per transition ~O(αEMγ)

Many transitions needed

• Emitted energy ~(ε1 - ε2)

gas and light plastic, photon energies 5 

– 30 keV

• To detect TR photons, a gas with a high 

photon absorption cross section is required -

use a Xe-based mixture

The TRT is able to separate electrons from 

pions over a momentum range between 

1 GeV/c < |pT| < 150 GeV/c

• requirement for the selection of electron

candidates: HT probability on track > 12%



TRT Performance  - Particle Identification
o Time over threshold (ToT) is a second 

method of Particle ID

 The ToT is corrected for the particle 

path length in the straw 

 The ToT is corrected for z effects of 

the straws and divided by transverse 

length in the straws

 Pion candidates:
 SCT hits >3

 TRT hits >20

 Tracks from conversions are rejected

 Electron candidates:
 Pair Conversions

 Selection performance in MC:
 Pion selection:

• 80.5% pions

• 11.3% kaons

• 6.9% are protons

• 1.3% are other particles

 Electron selection:

• 99.6% electrons
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• Very successful construction and commissioning process has been 

accomplished in the last years

• Good understanding of the detector achieved with Cosmic Rays 

and Collisions

• TRT is operating smoothly on a 24/7 basis since September 2009

• Many studies ongoing to improve TRT performance 

• Many analyses of first collisions data already make use of the 

excellent TRT performance

• The detector has started collecting data for at least next 10 years

Summary


