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The most world test beam facilities

* There are many of test beams at most of accelerator
laboratories.

* Base on the accelerator, the test beam can provide beam in a
multitude of particle types and a range of energies.

*The goal of the Test Beam Program is to provide flexible, equal,
and open access to test beams for all detector tests and

detector RA&D.

» Vertex detector technologies: SOI, MAPS, 3D, CPCCD, FPCCD, DEPFET, ...

»EM Calorimetry: Silicon-Tungsten based fine pixels

»HAD Calorimetry: analogue/digital with RPC, GEM, MicroMegas, Scintillator readout
» Forward Calorimetry: BeamCal and LumCal

»TPC: Gas amplification systems, GEM, Micromegas and readout

»Muon Detection: MRPC readout

*More applications like irradiation experiments.



Comparison of the most test beams

Laboratory | Energy(GeV) | Particles | Rep. rate (Hz) AP/P Detectors
CERN-PS 1-15
h h kov, TOF, MWP
CERN-SPS | 10-400 ehH Cherenkov, TOF, MWPC
DESY 1-7 e 12.5 1% Pixels
Fermilab 1-120 e KP 196 >10Gev | cherenkov, TOF, MWPC,
Si-Strips,Pixels
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1.5-2.5GeV e, 5-50 0.5% Cerenkov, TOF,

IHEP Beljing s

0.1-1.2GeV e,n,P 1-4 0.5% MWPC,SI-Strips
IHEP Protvino | 1-45 e,m,1,K,P gfhfe”ko"" TOF, MWPC,
KEK Fujj, 0.5-3.4 e 100 0.4%
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Pixel Telescope
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28.5, e
SLAC 10 0.2%
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SPS Test Beams

Test Beams at CERN
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SPS Beamlines
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Momentum Range 10 - 400 GeV (H2)
10 - 400 GeV (H4)
10 - 400 GeV (H8)
10 - 205 GeV (H6)
Spill Duration 48-98s
Duty Cycle 1spill /14 —-40 s
Particle Type electrons
hadrons
muons
Intensity ~ 108 part./spill
PS Beamlines
Momentum Range 1-3.6 GeV (T11)
1-7 GeV (T10)

1-10 GeV (T7)
1-15 GeV (T9)

PS Test Beams

Spill Duration 400 ms

Duty Cycle 2spills/16.8 s

Particle Type electrons
hadrons
muons

Intensity

1 -2 106 part. /spill




Test Beams at SLAC
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SLAC Final Focus Test Beam

SLAC test beam line -- FFTB

There are three possible modes of operation. All provide beam
pulses ~ 6ps long at 1 - 30 Hz depending on the accelerator

program:
a) Low intensity electron or positron
Typical momentum range 5 - 20 GeV.
Up to a few x 10”3 particles per pulse, depending on
momentum.
Space presently available ~1 m to south of beam line, ~2 m to

north, ~1 m above and below, ~2m along beam line.



SLAC FFTB (cont.)

b) High intensity electron or positron. Available for very thin
materials in vacuum or in some cases in air.
Momentum = 28.5 GeV
10° o 2x10% per pulse (down to 107 under development).
Various possible experimental stations, all with substantial
space constraints.

c) Bremsstrahlung beam
Peak energy 28.5 GeV
Radiator up to 0.02 X, for 10!° /pulse electron beam
Electron beam pipe passes 30-35 cm below the gamma ray

beam at the experimental station.
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KEK TesT Beams
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KEK East Counter Hall
(Gene Fisk, yoshiaki.fujii@heh.jp)
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DESY II

Bremsstrahlung derived
from in a carbon fiber in
DESY IT is converted to
e+e- pairs in Cu, Al of
thickness 1 - 10mm.

e+, e- momentum selection
range: 1-6 GeV/c.

Intensity: maxis ~ 1
kHz/cm? (avg)
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*Information from: N. Meyners ‘
http://desyntwww.desy.de/~testbeam/welcome.html
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Fermilab Test Beams

* The facility uses two versatile beamlines (MTest
and MCenter) to provide beam in a multitude of
particle types and a range of energies.

MTest

*The MT6 areas are the most commonly used. They
have all of the features in Facility Infrastructure,
and all of the Instrumentation available to them.
The primary beam consists of high energy protons
(120 GeV) at moderate intensities (~1-300 kHz).
This beam can also be targeted to create secondary
particle beams of energies down to about 1 GeV,
consisting of pions, muons, and/or electrons.
MCenter

*The MC7 areas are purposed more towards long-
term experiments with a turn over rate of months
or even years. This beamline has the same secondary A
particle beams as MTest, but has the added
capability of a third beam line, which can produce
pions and/ or protons down to energies of 200 MeV.
Most of the same infrastructure and
instrumentation are available.




The Beumg Test Beam Facility

oy e : The Beijing Test Beam Facility

' is Located at the hall 10 of the
BEPC, when collider work at
Synchrotron radiation pattern,
after the sTorage ring
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®The facility is in Hall 10 there is an area of 540m?, and with a crane

has a capability of 10 Tons.
®As shown in the figure, the E1 and E2 electron beam line which is

20m and 29m long respectively. The E3 line provided with a
spectrometer and that is 17m long.

The Configuration of Beijing-BTF Upgrade at Hall 10
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[1The Linac beam which has a bend of 22° into the Hall 10. As
the left fig. that is an E1 Line, is used for Slow positron
Facility specially.

[1Two dipole magnets were inserted to the El line that beam
was bend 18.6° again, and then come into the E2 line as a
primary beam line.

[1The E3 line is a secondary beam line which is produced by
electron impinging a target. Particles that are at fixed angular

41° enter a spectrometer and are transported to beam test
area.



Spectrometer

The magnetic spectrometer on E3 line
which has a structure of 2Q2D, its
momentum resolution is 1% and has two
running modes to detect both negatively
and positively charged particles. In the
spectrometer the detectors contain a

Cherenkov counter, TOF counters and
MWPC.
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The detectors on E3 beam line
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sci  Cherenkov wypci  yypez  wwpce scz detector prototype
Detectors Specification Functions
Scintillator 50*50*5mm3 TOF measure ,identify particles
CO2 Cherenkov barrel, L=1330mm identify /e
counter ®=220mm
MWPC stripe width is 4.2mm. The position | Determine the position of the income

resolution is less than 300micro-m. | particles

Silicon strip Strip width: 60um Determine the position of the income
Active area: 120*100mm? particles

BGO crystal 25 pieces of 200*200*20mm3/1) Distinguish single particle and multi-

calorimeter BGO crystals particles

Silica aerogel Sensitive volume: identify m/e

Cherenkov 100*100*117.5mm3

Plastic scintillating With 4 layer of fibers(D:1mm) Determine the position of the income

fiber hodoscope Active area: 60*60mm? particles
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Beam test on the BTBF:

> BESIIl sub-detectors: MDC. TOF. Muon detector (RPC) .
EMC (CSI) and its electronics system;

»Some detectors of Particle Astrophysics: HXTM. YAC. POLAR.
GRM HERD etc.

» Irradiation experiments for crops

@®Institute of Genetics and Developmental Biology; CAS
®Institute of Crop Sciences (ICS, CAAS)

»Some electronic components and material (magnetic material )
irradiation experiments,
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Other Beam lines in china for experiments

IMP:HIRFL-CSR, proton 10-100MeV

CIAE: HI-13(Tandem accelerator), proton 3-26 MeV(100MeV)
CSNS(will deliver a beam at 2017: LE proton 2-80MeV(250MeV).
HE proton 400-1600MeV(1-10"4 ppp )

y - o+ NSRF & SSRF: Synchrotron
BUEy radiation
155 5
55t o 5 "% Other low energy e-; proton;
® HHIEN heutron can be achieved at

NSSC/NINT/CAST and some

i R r'eac’rqr's for some irradiation
o IR TR experiments.
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Laser Compton backscattering (LCS) y-ray source

at IHEP
incidant laser * High brightness
/: - © * The Small divergence
Electron beam = A ~” angle: 1/y
- * tunable energy in the
/‘ Supercavity Scattered photon . _
Ea=hy=srh wide MeV-GeV energy
E, Giant resonance ra nge.

Fig. 10.1. Principles of this scheme

* Quasi-monoenergetic
* Highly polarized

e Applications:

« Gamma-nuclear physics: (y,*) reactions

* Nuclear technique

e Calibration of y-detectors



10 hall at IHEP
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LCS at 10 hall E2 line

4500.00 2500.00 9500.00 5000.00
’— =V A T e YT ——_——_—e——————————— _—w T T =
777 "?““T@}a' _____@ _'7/ ] 3000‘0|0—_
T Vacun Eg 7 o ' /,,f,,/////”/// 5k S LU
H;%E QF1 QDI QF2 QD2 W Eos RukRF
i L o}
S—DL - e o) | [l | ewne

440.00—

7000.00 / | 4500.00
='|= -

o
13500. 00, HMAMEARESEMHNEIEE (ESENS)

Z | B R i 1R T
i o 8.5%2.5 = 21. 250

E%i SC1 SC2 ;g i i
te==  Shiclding Concrete %‘L = N N |
: : i
T e - E3 Line b
o i:‘f-]:
A0 o B
e I
]

WTKITAHR




LCS parameters—energy:MeV-100MeV

Electron beams: 0.5GeV-
2.5GeV,10ps, 1nC,12.5Hz
Laser systems:

CO2 laser: 10.6um, 180ps,1)

Solid laser:1053nm,5-10ps,
500m)

E,=E )
”4E bf’ 1+z+x
e“L

= ,x = (0 -

(D) 2 (Oy.)
0: the angle between the y-ray and the
electron;y,: the relativistic factor of the
electron

VA

Head on 527nm 1053nm 10.6um(0.117
collsion& (2.36eV)| (1.18eV) [eV)

0.5GeV 9MeV
1.0GeV 35MeV

2.5GeV 207MeV

4.5MeV 0.45MeV
18MeV 1.8MeV
108MeV 11MeV



The parameters of electron and laser beam

electron:

e 2.5GeV/c (1.1Gev /c for future giant resonance experiments)
* pulse width: 10ps

e Charge per bunch: 10nC

* oXx,y=0.2mm, 0.6 mm

* Laser:

 Wavelength: 1064 nm

e Pulse width: 10ns.

* pulse energy: 2J

e Repetition frequency: 12.5 Hz

e saddle size: 0.4 mm, 0.8mm (focus).



LCS Current status
Magnets(B4, B5,Q9,Q10):completed ( on calibration)
Shield structure and clean room: under construction
Vacuum tube : completed
Power supply and control system: under construction
Beam detectors: under construction
Maybe perform Collision before Feb. 2018
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summary

There are significant test beams lines at most of our
laboratories.

Detector R&D is critical o extract the physics from the
machine.

As hardware and software prototypes are developed, and
test beam results will have a significant impact on the
research tool we are building.

Need a strong user support to keep the facility operational.

High brightness Laser Compton backscattering (LCS) y-ray
will be a very useful tool for nuclear physics.



Thank for you attention !



Backup

Transport Lines of the Beijing-TBF (E2 Line)
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temporal synchronizing system Characteristics of the input signal for flashlamp synchronisation

clock
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