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INTERFACE CONTROL DOCUMENT

1. Project Mission

ACCELERATOR AND HALL D

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:

Experimental Systems:

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

The Hall-D systems will pdavia diamond radiator which
combined with the 12GeV electron beam from the lacator
produces a polarized photon beam. The overall s#ttipe electron
and photon beam in relation to Hall-D is shown igufe 1. This
photon beam propagates from the Hall-D tagger twmlHall-D
itself. The momentum of the electrons which radihee polarized
photons is analyzed in the tagger spectrometeeltyemeasuring
the energy of the radiated photons. A collimatigstam at the
entrance to Hall-D defines the linearly polarizeshin of photons
necessary for the Hall-D physics goals.

Details of the tagger hall containing most the eata discussed below are shown in Figure 2.

3. System Requirements

Accelerator:

Hall D:

The Accelerator Systems shall proallequipment for delivery of beam of up
to 12 GeV to the tagger hall. The maximum beameturto the tagger hall is 3
HA and the minimum current will be 1 nA. Necesssayety devices shall be
implemented to prevent the transport of any electbeam to Hall-D. The
characteristics of the electron beam required fafl-B are summarized in
Table 1. During the commissionipgase the emittance may be up to a factor of

5 worse.

The Hall-D systems will provide all equipmtenecessary to produce the photon
beam. This includes a goniometer for precision natignt of the diamond
radiator, a QP quadrupole for focusing the scaltelectrons on the Hall-D
tagger spectrometer, two dipole magnets wWBhdl sufficient to bend the
12GeV beam by 13.4°, and the active collimatohmentry cave of Hall-D.
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Electron beam emittance €x<10 mm-purad
&y<2.3 mm-prad
Electron beam energy spread <0.1 %
Uncertainty in electron beam energy <0.1 %
Spot size @ radiator 0x <1600 pm
Oy <600 pm
Beam image size at 76m from radiator Ox <600
Oy <600
Beam halo* <5x10-5
Beam position stability at collimator Ax<200pm
Ay<200pm
Electron beam current 1 nA<le<3pA
* Fraction of electron beam outside a radius of 5Smm

Table 1: Summary of electron beam characteristicseeded for the GlueX experiment.

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 interfagdsbe defined.
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1. Electron Beam
The beam transport system to the Hall-D tagger inaludes numerous devices necessary to
monitor and control the electron beam. The devatesest to the tagger hall will be described as
they are most important for monitoring the beamliuaAn instrumentation girder will be
placed at the entrance to the tagger hall at 183@®@N which the instruments in Table 2 will be
mounted.

Device Name Description

IPM 5cl4c Beam Position Monitor
IHA 5cl4c Harp wire scanner

ITV 5cl4c Viewer (phosphor screen)
MBDH 5cl14c Horizontal steering magnet
MBDV 5cl4c Vertical steering magnet

Table 2: Beam monitoring devices placed at the erdnce to the tagger hall.

Directly after the instrumentation girder will bécav current beam position monitor which is the
last beam monitoring instrument in front of the IHalgoniometer.

Halfway along the labyrinth to the beam dump w# & beam position monitor (IPMD 100
BPM) and a beam current monitor (1BCD). Finallyedity in front of the beam dump will be a
beam viewer (ITVD 100). The devices inside the tatift 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 thelectron beam dump.

Information from all the beam instruments above @ameer the responsibility of the machine
group will be controlled by the accelerator divisidnformation from these instruments will be
available to the Hall-D experiments through the Iniiae controls system 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 usablealin@larization the photon beam must be
collimated after a 76m drift length. After primacgllimation, sweeping magnets and secondary
collimation are needed to remove from the beam ateeaparticles produced by interactions in

the primary collimator. The collimated beam pas$esugh the GlueX target and the GlueX

detector and finally enters the photon beam durhp. ghoton beam layout is shown in Figure 1.
Hall-D is responsible for the photon beam line. Tesign of the photon beam line has been
approved by the machine group and Radcon.
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3. Instrumented primary photon beam collimator
An instrumented collimator will be installed at tkatrance to the Hall-D collimator cave and
will measure the centroid of the bremsstrahlung@hdeam with an accuracy of 20t and an
update frequency of up to 1 kHz depending on edacheam current. This information will be
provided to the machine for purposes of precisersig the electron beam on the diamond
radiator and collimator system.

4. Vacuum system
The machine will provide and control a 1.5” gatévegVBV5c14B) directly downstream of the
low current beam position monitor at 18xx-NS, whiglin front of the goniometer. The machine
group will be responsible for the vacuum upstredrthis valve and Hall-D will be responsible
for the vacuum downstream. Neither Hall-D nor thechine may vent their section of the beam
line unless this valve is closed. The valve may drd opened with the mutual agreement of both
Hall-D and the accelerator. The accelerator wsurae responsibility for the vacuum in front of
the beam dump at 19xx-NS where they will providd &%” gate valve (VBVD101l) and
Thermocouple gauge (VTCD 102). The vacuum systempoments at the entrance to the
electron dump region are listed in Table 5.

Device Name Description

VBVD101 1 v%" gate valve (2 % CF flange)
VRVD101 Roughing Valve

VTCD102 Thermocouple gauge

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

The vacuum system for which Hall-D is responsiliéats after the machine valve VBV5c14B.

The ultimate pressure in the Hall-D section whenVBB14B is closed will be belowx10”
mbar. Three pumping stations using turbomoleculsngs are foreseen to evacuate the Hall-D

tagger beam line. One pump near the goniometerredlice the pressure to th&10° mbar
level for the machine, one pumping station neam8hst wall of the tagger hall services the beam
line between the tagger hall and Hall-D, and oneping station on the vacuum vessel of the
tagger spectrometer evacuates this large vacuumelvesd provides pumping to the short
section of beam line between the tagger vacuunelass the beam dump. All pumping stations
will be instrumented with thermocouple pressure egagnd the pumping station near the
goniometer will also be monitored using a cold odhvacuum gage. Near the pumping station
at the East wall will also be a valve where an kra#or group’s portable roots blower pumping
station can be attached for the initial evacuatibthe vacuum system. All the Hall-D vacuum
equipment will be read out and controlled by HallHall-D will provide all information to the
machine control system and the machine safety rsyste required. Hall-D will provide valve
control signals to a machine group valve controf bo the isolation valves can be closed in case
of vacuum failure.

5. Goniometer:
The goniometer will be controlled by Hall-D usirtg bwn control system provided by Hall-D.
The goniometer is an ultra-high vacuum device wiposes no contamination hazard to the
accelerator. The accelerator must insure thatldatren beam strikes the diamond crystal inside
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the goniometer which is precisely positioned alding nominal beam line. The tuning of the
beam on the goniometer radiator is discussed instagup plan and a standard operating
procedure will be developed for the radiator aligmtprocedure.

6. Hall-D tagger quadrupole magnet:

A QP quadrupole with nominal field gradient of 2/kf and a length of 0.5m will be installed
after the goniometer. This magnet is needed to sfothe electrons which underwent
bremsstrahlung on the tagger spectrometer congistina fixed scintillator hodoscope and
movable high-resolution microscope. The quadrupalebe controlled by the machine group
but set at the constant current specified by Hall-D

7. Tagger dipole magnets:
The tagger magnet has a 1.5T magnetic field andthe 12GeV beam by 13.4°. The tagger
dipole magnet must be operated by the acceleratar farms part of the personnel protection
system. The field in the magnet will be adjustedLt600 T which is needed for the accurate
operation of the tagging spectrometer. The beaeriatg and control devices provided by the
accelerator must be sufficient to enable the acagleto steer the 12 GeV beam onto the beam
dump without changing the current in the tagger meag

8. Hall-D collimator sweep magnets:

A pair of sweeping magnets will be installed in tba@limator extension of Hall-D. These
magnets will be controlled by Hall-D.

9. Hall-D machine inhibit;

The machine will provide to Hall-D a beam inhibyisteem. In the event of equipment failure or
large backgrounds, Hall-D can inhibit the transpafrthe electron beam to the tagger hall. A
beam shutter will be provided in the beam transpegton 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-degradetioinaaf the CEBAF 12 GeV beam by 13.4°
toward the electron beam dump. The accelerator asifitinuously monitor the currents in the
magnets which steer the beam into the tagger hdlltle tagger magnet itself. The currents in
these magnets are compared and if the currentatddvdom the combination needed to transport
the beam to the hall and beam dump then the be#irbemlumped. The currents in each magnet
will be measured with a 3-fold redundancy. To immpdat this system, the tagger magnet needs
to be controlled by the accelerator.
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In the event there is a failure in the above actiygtem, a passive system is foreseen that makes
it impossible for the 12 GeV beam to be transpottedall-D. A permanent dipole magnet with
an integrated field strength of 0.822 Tm will betadled in the photon beam line at xxx. This
magnet was constructed at Fermi National Laboratony is of type PDV. The dipole gap is
such that a 1 % by 3 % elliptical beam pipe fitsvddhe bore. The magnet iron is 145" long.
This magnet will be mounted downstream of the taggagnet and forms part of the personnel
protection system. It has sufficient strength ®une that the 12 GeV beam cannot be transported
into Hall-D. Any electron beam passing through diyole will be steered down toward the floor
of the tagger cave.

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

11.Machine Protection System (MPS):

As part of the machine protection system for theebrator and the tagger hall, the accelerator
will mount a beam current monitor downstream of tlhigger magnet in the photon path on an
instrumentation girder between 18??-NS and 18?7fN&.purpose of this monitor is to disable
the beam to the hall in the event that any measueiarged beam is detected in the photon
beam line after the tagger magnet. This device asinted in the photon beam line for which
Hall-D is responsible but it remains under the Begor responsibility. The beam current
monitor will have 2 34" rotatable CF flanges for cewting to the photon beam line vacuum.

In order to detect any beam in the tagger halhm é¢vent of the failure of the magnet current
system the machine will install ion chambers in ftladl along the East wall. The MPS will be
able to close all vacuum valves.

12.Electron Beam Dump:

The accelerator will be responsible for the elattvteam dump. The gate to the labyrinth leading
to the electron beam dump will be padlocked byrdd#ation protection group. Access to the
beam dump will be restricted by the radiation prota division. Radiation from the beam dump
could produce background in the tagger hodoscolpe pfojected rates of 2000 mrem at the start
of the labyrinth under conditions of maximum opergtbeam current have been computed by
Radcon and are acceptable for the Hall-D experimédhanges to the shielding design must be
made in consultation with Hall-D
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13.Photon Beam Dump:

The photon beam dump is the responsibility of thé&R) radiation protection group. The
accelerator group provides the interface to théateh protection group for issues related to the
photon beam dump. Hall-D will place less than 2(Ra cadiation length of material in the path
of the collimated photon beam under normal runmiogditions. During special calibration runs
at low current a total absorption counter will Haged in the photon path. Procedures for these
calibration runs will be established with the maehgroup.
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Figure 1 Overview of the tagger hall and Hall-D.
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Figure 2 Accelerator — Hall-D interface drawing.
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