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INTERFACE CONTROL NON-DOCUMENT
ACCELERATOR AND HALL D

1. Project Mission

The 12 GeV CEBAF Upgrade would increase the avi@labergy of the facility from 6 GeV to
12 GeV, and add to its experimental capabilitiesrater to more fully explore the nature of non-
perturbative QCD as manifested in the nucleus, paientially solving the riddle of quark
confinement.

2. System Roles

Accelerator Systems: The Accelerator Systems provide an electron beaapdb 12 GeV
to the Hall-D tagger hall and 11 GeV to Halls A,@d C. 12 GeV
is the foreseen nominal energy for Hall-D and itmslerstood that
operating at a lower energy rapidly degrades thi-[ighysics
program.

Experimental Systems: The Hall-D systems will pdavia diamond radiator held with a
precision goniometer which combined with the 12 Ge&lgctron
beam from the accelerator produces a polarizedophoéam. The
overall setup of the electron and photon beam latiom to Hall-D
is shown in Figure 1. This photon beam propagates the Hall-D
tagger hall to Hall-D itself. The momentum of tHeotrons which
radiate the polarized photons is analyzed in tggdaspectrometer
thereby measuring the energy of the radiated plso#@rollimation
system at the entrance to Hall-D defines the liggaolarized beam
of photons necessary for the Hall-D physics goals.

Details of the tagger hall containing most the @ata discussed below are shown in Figures 2
and 3.
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3. System Requirements

Accelerator: The Accelerator Systems shall proallequipment for delivery of beam of up
to 12 GeV to the tagger hall, and the electron bdamp. The maximum beam
current to the tagger hall is 3 pA and the minimounrent will be 0.3 nA.
Necessary safety devices shall be implementedewept the transport of any
electron beam to Hall-D. The characteristics @& ¢hectron beam required for
Hall-D are summarized in Table During the commissioning phase it is
understood that the machine will not perform upthese specifications. A
detailed commissioning plan will be made to enabtgh the machine to
optimize its performance and commission all itssygbems while the Hall-D
photon source and GlueX detector are commissioneplarallel. Burirg—the
: as gy/ors

Hall D: The Hall-D systems will provide all equipntenecessary to produce the photon
beam. This includes a goniometer for precision natignt of the diamond
radiator, a QP quadrupole for focusing the scattedlectrons on the Hall-D
tagger spectrometer, one dipole magnet Y8tll sufficient to bend the 12GeV
beam by 13.4°, and the active collimator (used tasnre the photon beam
centroid) in the entry cave of Hall-D.

Electron beam emittance &x< 10 mm-purad
& < 2.5 mm-prad
Electron beam energy spread <0.1%
Uncertainty in electron beam energy <0.1%
Spot size @ radiator 800 pm < 0x <1600 pm
300 pm < 0y <600 pm
Beam image size at 76m from radiator Ox < 600 pum
Oy <600 pm
Beam halo* <5x10->
Beam position stability at collimator Ax <200 um
Ay <200 um
Electron beam current 0.3 nA<I.<3 pA
* Fraction of electron beam outside a radius of 5 mm at goniometer

Table 1 Summary of electron beam characteristics meled for the GlueX experiment.
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4. Interfaces between Hall-D and the accelerator

The accelerator and Hall-D systems which requirensgrface between the two groups are as
follows:

The electron beam

The photon beam

Instrumented primary photon beam collimator
The vacuum system

Goniometer

Hall-D tagger quadrupole magnet

Hall-D tagger dipole magnets

Hall-D collimator sweep magnets

© © N o bk wDdRE

Hall-D machine inhibit

10. Personnel protection systems (PPS)
11.Machine protection systems (MPS)
12.Electron beam dump

13.Photon beam dump.

In the following sections each of these interfardkbe defined.

1. Electron Beam

The beam transport system to the Hall-D taggerihalides numerous devices necessary to
monitor and control the electron beam. The deviclesest to the tagger hall will be
described as they are most important for monitothrg beam quality. An instrumentation
girder will be placed at the entrance to the tadggdrat 1860-NS on which the instruments
in Table 2 will be mounted.

Device Name Description

IPM 5C11B Beam Position Monitor
IHA 5C11A Harp wire scanner

ITV 5C11A Viewer (phosphor screen)
MBD5C11AH Horizontal steering magnet
MBD5C11AV Vertical steering magnet
VIP5C11A lon Pump

Table 2 Beam monitoring devices placed at the entr&e to the tagger hall.

Directly after the instrumentation girder will béaav current beam position monitor
(iICLnApm2) which is the last beam monitoring instrent in front of the Hall-D goniometer.
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Halfway along the labyrinth to the beam dump wal & beam position monitor (IPMD 100
BPM) and a beam current monitor (1BCD 100). Findilectly in front of the beam dump

will be a beam viewer (ITVD 100). The devices imstte labyrinth are summarized in Table
3.

Device Name Description

IPMD100 Beam position monitor
1BCD100 Beam current monitor
VBVD101 Beam Viewer

Table 3 Devices places along the labyrinth to thdeztron beam dump.

All the beam line instruments above are under éispansibility of the machine group will be
controlled by the accelerator division. Informatfoom these instruments will be available to
the Hall-D experiments through the machine contsgtstem EPICS.

2. The Photon beam

The photon beam is produced by bremsstrahlungaictiens of the 12 GeV electron beam in
the diamond radiator. In order to produce a ushidar polarization the photon beam must
be collimated after a 76m drift length. After primpecollimation, sweeping magnets and
secondary collimation are needed to remove frombtem unwanted particles produced by
interactions in the primary collimator. The collitad beam passes through the GlueX target
and the GlueX detector and finally enters the phdteam dump. The photon beam layout is
shown in Figure 1. Hall-D is responsible for theof@m beam line. The design of the photon
beam line has been approved by the machine graliRadcon.

3. Instrumented primary photon beam collimator

An instrumented collimator will be installed at tetrance to the Hall-D collimator cave and
will measure the centroid of the bremsstrahlungt@mdoeam with an accuracy of 2@én
and an update frequency of up to 1 kHz dependingel@ttron beam currentlhis
information will be provided to the machine for pases of precise steering the electron
beam on the diamond radiator and collimator system.

4. Vacuum system

The machine will provide and control a 1.5” gatéveaVBVD5C11A) directly downstream
of the low current beam position monitor at 1871-M@&ich is in front of the goniometer.
The machine group will be responsible for the vaswpstream of this valve and Hall-D
will be responsible for the vacuum downstream. INgitHall-D nor the machine may vent
their section of the beam line unless this valvelased. The valve may only be opened with
the mutual agreement of both Hall-D and the aca&der The accelerator will resume
responsibility for the vacuum in front of the bealump between 2030-NS and 2040-NS
where they will provide a 2" gate valve (VBVD10dnd Thermocouple gauge (VTCD 101).
The vacuum system components at the entrance teléiatron dump region are listed in
Table 5.
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Device Name Description
VBVD101 2" gate valve
VRVD101 Roughing Valve
VTCD101 Thermocouple gauge

Table 5: The machine vacuum system components ingHall-D tagger hall dump region.

The vacuum system for which Hall-D is responsibtarts after the machine valve
VBV5c14B. The ultimate pressure in the Hall-D sactivhen VBV5C11A is closed will be

below 1x10° mbar. Three pumping stations using turbomoleculangs are foreseen to
evacuate the Hall-D tagger beam line. One pump tleargoniometer will reduce the

pressure to théx10° mbar level for the machine, one pumping statiorr tie& East wall of
the tagger hall services the beam line betweenattger hall and Hall-D, and one pumping
station on the vacuum vessel of the tagger speetemevacuates this large vacuum vessel
and provides pumping to the short section of beias between the tagger vacuum vessel
and the beam dump. All pumping stations will berin®iented with thermocouple pressure
gages and cold cathode gages. Near the pumpitignséd the East wall will also be a valve
where an accelerator group’s portable roots blgwenping station can be attached for the
initial evacuation of the vacuum systeail the Hall-D vacuum equipment will be read out
and controlled by Hall-D. Hall-D will provide alhformation to the machine control system
and the machine safety system as required. Halllpwvide valve control capability to the
machine group's valve control box so the isolatiatves can be closed in case of vacuum
failure. The logic of the valve control will be $uthat either the machine or Hall-D may
close the valves but they can only be opened i patties enable the valves.

5. Goniometer:

The goniometer will be controlled by Hall-D usirtg own control system provided by Hall-
D. The goniometer is an ultra-high vacuum devicéctviposes no contamination hazard to
the accelerator. The accelerator must insure tmatelectron beam strikes the diamond
crystal inside the goniometer which is preciselgiponed along the nominal beam line. The
tuning of the beam on the goniometer radiator sewbsed in the startup plan and a standard
operating procedure will be developed for the radialignment procedure-all-D will
provide the information concerning the crystal gosito the machine.

6. Hall-D tagger quadrupole magnet:

A QP quadrupole with nominal field gradient of -P15 kG/cm and a length of 31.26 cm
will be installed after the goniometer. This magiseheeded to focus the electrons which
underwent bremsstrahlung on the tagger spectrontesisting of a fixed scintillator
hodoscope and movable high-resolution microscope. quadrupole will be controlled by
the machine group but set at the constant curpetified by Hall-D. Dedicated calibration
measurements which determine the focus of thereledan on the tagging spectrometer
detectors will need to be performed periodicallypegating procedures for these studies
must be developed between Hall-D and the machine.
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7. Tagger dipole magnet:

The tagger magnet has a 1.5T magnetic field andisoéme 12GeV beam by 13.4°. The

tagger dipole magnet must be operated by the aeteteas it forms part of the personnel

protection system. The field in the magnet willdngusted to 1.500 T which is needed for the
accurate operation of the tagging spectrometer. Oé@m steering and control devices
provided by the accelerator must be sufficientrialde the accelerator to steer the 12 GeV
beam onto the beam dump without changing the cuimghe tagger magnet.

8. Hall-D collimator sweep magnets:

A pair of sweeping magnets will be installed in g@limator extension of Hall-D. One of
these magnets will be a permanent magnet the atiegnet an electromagnet. The
electromagnet will be controlled by Hall-D.

9. Hall-D machine inhibit:

The machine will provide to Hall-D a beam inhibysgem. In the event of equipment failure
or large backgrounds, Hall-D can inhibit the trams$f the electron beam to the tagger hall.
A beam shutter will be provided in the beam tramspegion which is described in the

radiation protection documents.

10. Personnel protection systems (PPS):
Two parts of the Hall-D provided equipment are gnéted into the CEBAF PPS.

The tagger dipole magnets bend the un-degradetioinacf the CEBAF 12 GeV beam by

13.4° toward the electron beam dump. The accelewatiocontinuously monitor the currents

in the magnets which steer the beam into the taggkrand the tagger magnet itself. The
currents in these magnets are compared and if uhments deviate from the combination
needed to transport the beam to the hall and beenp dhen the beam will be dumped. The
currents in each magnet will be measured with al@-fedundancy. To implement this

system, the tagger magnet needs to be controll¢debgccelerator.

In the event there is a failure in the above actiystem, a passive system is foreseen that
makes it impossible for the 12 GeV beam to be paried to Hall-D. A permanent dipole
magnet with an integrated field strength of 0.822 Will be installed in the photon beam
line at about 2030-NS. This magnet was construatdeéermi National Laboratory and is of
type PDV. The dipole gap is such that a 1 % by @lligtical beam pipe fits down the bore.
The magnet iron is 145” long. This magnet will b@unted downstream of the tagger
magnet and forms part of the personnel protectystem. It has sufficient strength to insure
that the 12 GeV beam cannot be transported inte[Hahny electron beam passing through
the dipole will be steered down toward the flootlod tagger cave.

The permanent magnet dipole has no active compsn€hé exact position of the magnet in
the hall has been agreed upon by Hall-D and thelator.

11.Machine Protection System (MPS):

In order to detect any beam in the tagger halhéevent of the failure of the magnet current
system the machine will install ion chambers inlia# along the East wall. The MPS will be
able to close all vacuum valves.
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12.Electron Beam Dump:

The accelerator will be responsible for the elettb@am dump. The gate to the labyrinth
leading to the electron beam dump will be padlockgdthe radiation protection group.
Access to the beam dump will be restricted by #mehation protection division. Radiation
from the beam dump could produce background irtagger hodoscope. The projected rates
of 2000 mrem at the start of the labyrinth undenditons of maximum operating beam
current have been computed by Radcon and are abtepior the Hall-D experiments.
Changes to the shielding design must be made isuttation with Hall-D.

13.Photon Beam Dump:

The photon beam dump is the responsibility of thAB) radiation protection group. The
accelerator group provides the interface to théteh protection group for issues related to
the photon beam dump. Hall-D will place less th@#o2f one radiation length of material in
the path of the collimated photon beam under nomaahing conditions. During special
calibration runs at low current a total absorptemunter will be placed in the photon path.
Procedures for these calibration runs will be disthéd with the machine group.

CoherentBremsstrahlung

photon beam i I F|>hot0n
Spe o Beam dump
/ e { _\ = P

Electronbeam / dump

Tagger Area Collimator Cave

Experimental
Hall D

Figure 1 Overview of the tagger hall and Hall-D.
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Figure 2 Machine interface drawing for the

beam lhe components upstream of the tagger area
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Figure 3 Accelerator — Hall-D interface drawing forthe tagger area.
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