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Beam-Test Facility (BTF)

The BTF uses electrons/positrons from the DA®NE linac:
= When the collider is in operation:
= Only linac bunches not injected into the collider
main rings are available for the test beam
= Beam pulse duration fixed to ~10 ns
= Primary beam energy fixed to 510 MeV,
continuously alternating between electron (~2 nC) LN .
and positron (~1 nC) beam i

= When the linac is fully available for the BTF: A T I\
= All bunches (50 Hz) from the linac are available for '
the test-beam g oms
= The primary beam energy can be changed (up to S "
750 MeV for electrons) &/ — ‘
= The beam pulse length can be changed inthe range - & A L\
1-200 ns f main rings L ‘
Most of the time, BTF operating with secondary beam: X ~, e
= Energy can be changed from the maximum linac energy ] ; ""’,_:;‘-7 AN
down to few tens of MeV J J ?"5;; &
= Beam energy spread out by a target % top o B
gy sp y atarg Ve
= Intensity is also greatly reduced, down to “single particle’ M 2
regime g
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secondary beam production

2 targets can intercept the primary linac beam:

Positron converter: 2 X,, W-Re target;
= Hit by electrons at 220 MeV
= Captured positrons accelerated up to 550 MeV
= Still produces a primary (1 nC), fixed energy
positron beam BTF

Positron converter
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. 750 MeV e /
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BTF target: 1.7 X, Cu target
= Energy selection system and collimators on the BTF
transfer-line for defining momentum, spot size, and intensity
= Transfer line: 2 FODO quadrupoles doublets for focussing ~ ‘amTelescopes and Test Beam:

Energy selection and attenuation scheme
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BTF heam parameters

:

Beam imaged by FitPIX detectors, 15x15 mm?, 65536 pixels

* The beam spot minimum size and divergence are
dominated by multiple scattering on exit window (0.4 mm
Beryllium): 0=350 uym at 450 MeV

= Hard to monitor below 50-60 MeV
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_ Still possible to perform measurements of tracker resolution
E (MIMOSA 28 tested with 450 MeV electrons, 6 =6 um)
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Why a second heam line?

Increasing pressure on the facility:

= Standard test-beams:
= Average of 200 beam days/year,
= 25-30 experimental groups, 150-200 users/year

= |Increasing request for medium and high intensity electron beam
(108-10" particles/s) for irradiation (TID), in particular for space
applications

Space Environment Hazards

Single event effects from
high-energy protons and
galactic cosmic rays

Deep internal charging
from high-energy electrons

1

Solar array
power decrease
due to radiation

Solar array
arc discharge \\
L
Surface charging from

low-energy electrons .
Electronics degrade

due to radiation dose

= Partially supported by AIDA-2020
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= Split beam-line for servmg two experimental areas

= Build second branch and new experimental hall

= New bunker for shielding the second hall

= New control room

= |n addition: linac consolidation (PFN charging HV power

supplies, modulator interlock and controls, etc.)
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The project

Upgrade principles:

= Preserve BTF beam parameters for both beam-lines
= Full use of available duty-cycle, with and without
DA®NE collider operations
= Minimize down-time of the facility, and in particular:
= Enable PADME run in 2018 (international
competitors) on BTF-1 line
= Be ready for LS2 with the new line
= Decrease faults, improve reliability (or at least, do not
spoil past performance)

Main ideas:

= Use fast-ramping dipole for switching the beam among
the two beam lines without losing linac bunches

= Use former control room as second experimental hall

= Spread/reselect energy on second branch for getting
similar secondary beam parameters
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The project

New magnets:

= 15° fast-ramping dipole

= Two 45° DC bending magnets + final 30° dipole
(in the new bunker)

= 7 new quadrupoles
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New magnets:

= Design completed, fast-ramping dipole
construction started

Status one year ago: BTTB-6

Experimental halls
= New control room ready and operational
= Former control room empty but untouched

=  New bunker designed
= Old beam-line and services still installed

Building and infrastructure:

=  Project of all modifications,
work not yet started
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= Review, clean-up or re-route all cables in the area
of the former control room

= Enlarge room (preserving existing DA®NE racks)
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= Racks room refurbishing

= Racks host crucial systems for
DA®NE collider operations (damping
ring diagnostics, timing system, etc.)
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= Enlarge main entrance
= Foundations for external shieldings
= Add access door to BTF-2 area (side)
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= Drill the hole in the wall separating BTF-
1 and BTF-2 areas for the BTF-2 pipe

= Prepare power supplies room (upstairs),
drill holes in the floor, lay cables on new
cable-trays

= Build the new bunker in the BTF-2 hall
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©) AIDA

Adding ~100 kW of new magnets:

= Replace cooling water distribution with more (larger) collectors and
pipes

= Upgrade power distribution

= Refurbish conditioning of BTF-1 and BTF-2 halls

BTF_Q Tth Beam Telescopes and Test Beams Workshop

s (INFN

Istituto Nazionale di Fisica Nucleare



= [n-house magnetic, thermo-mechanic design and detailed drawings

Sonr vt e |

= External company construction and assembly

= [n-house magnetic measurements
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» [n-house magnetic, thermo-mechanic design and detailed drawings

= External company construction and assembly

Delivery expected this week
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In-house magnetic, thermo-mechanic design and detailed drawings
External company construction and assembly

Delivery expected next month
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* Quadrupoles - Fast dipole

T

Performance tests done
Control and timing systems ready

Ready for installation
= DC dipoles

| 90 ms ramp
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0.4 mm Beryllium diaphragm

Beam-splitting 2-way
vacuum chamber

(Aluminium) \

BTF-2

BTF-1 vacuum
(turbo pumps)
<107 mbar

linac vacuum
(ionic pumps)
<10 mbar

]
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" Btuum interlocksfrom f
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New beam-lines installation - phase 1 - | — =
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BTF-1heam commissioning and first user (PADME)

= Beam commissioning in July 2018
= Beam spot similar to what achieved with old beam-line
(with same Beryllium window)
= Good agreement with G4beamline simulations

B 24336E-15~

= |nstallation of the PADME experiment (dark photon search in
positron on fixed target electrons annihilations) on the new
BTF-1 beam-line

= Running from Oct. 2018 to Feb. 2019




PbF, fast BGO calorimeter Scintillating bars veto Diamond target BTF-1 beam
calorimeter
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Outiook and perspectives

= This required a lot of work on the infrastructure (building, shieldings, cabling, power, cooling, conditioning,
etc.)

= Added 100 kW of power and cooling for the magnets of the new beam-line

= New bunker in the former control room, new power supplies room, new control room realized

= A set of new magnets have been designed, including detailed drawings, and (almost completely) built

= The BTF-1 new line has been installed and commissioned with beam in July 2018

= BTF-1 is routinely delivering beam (since Oct. 2018) to the PADME experiment as first (long-term) user

= The BTF-2 branch is also installed, aligned and connected to the (linac) vacuum, including the beam- YOU'VE GOT THE RIGHT APCRESS, BUT-
" . WE'RE A BIT BEHIND SCHEDULE.

splitting, fast-ramping dipole

= In March 2019 the infrastructure upgrade will be concluded (power supplies installation, new bunker services, radio-protection and interlocks, etc.)
= Then it will be possible to perform the beam-commissioning of BTF-2

= |n the meanwhile, all new magnets will be delivered and measured

= Phase-2 of the installation (second part of the BTF-2 line down to the second experimental area) will follow

= Aiming to have BTF-2 open to users in the next months, helping to bridge CERN LS2
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