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INTERFACE CONTROL DOCUMENT
(REQUIREMENTS AND DIVISIONS OF RESPONSIBILITY)
ACCELERATOR AND HALL D

. Intent of Document

The intent of this document is to provide the reguients and divisions of responsibility,
beyond those defined in the “Interface Control Doeut for Accelerator and Hall D” [1], for the
interfaces between Hall D and the Accelerator 3ystéroups to also include Accelerator
Operations.

2. System Roles

Accelerator System Groups:

The Accelerator Systems provide an electron beaapdb 12 GeV to the Hall D Tagger
hall and 11 GeV to Halls A, B, and C. 12 GeV is foreseen nominal energy for Hall
D and it is understood that operating at a lowesrgy rapidly degrades the Hall D
physics program. As the direction of the Hall D fam beam is determined by the
direction of the electrons at the point where thetpns are generated, the accelerator is
also responsible for steering the Hall D photomiea

Accelerator Systems is further divided into sixtepyss: 1) SRF Cryomodules, 2)Beam
Transport, 3) Linac RF and DC Power Systems, 4)instntation, Controls, and Safety,
5) Extraction, and 6) Cryogenics [2].

Operations or Accelerator Operations, as definetthisdocument, refers to Accelerator
Operations Division and/or Accelerator Operatord/anAccelerator System Groups.

Experimental Systems (Hall D):

Hall D is responsible for the systems which geresatd monitor the Hall D polarized
photon beam. Hall D will provide a diamond or anogpious radiator which can be
precisely positioned in the 12 GeV electron bearthantagger hall. The interactions in
the radiator generate bremsstrahlung photons wbich the beam of photons to Hall D.
The diamond or the amorphous radiator will be pas&d using a precision goniometer.
The overall setup of the electron and photon beamrelation to Hall D is shown in
Figure 1. The momentum of the electrons which tadiae polarized photons is analyzed
in the tagger spectrometer thereby measuring tieeggnof the radiated photons. The
tagger magnet also directs the electrons which nditl radiate photons towards the
electron beam dump. The photon beam propagates tlhentagger hall to the Hall D
collimator cave extension. Here a collimation sysgelects the photons radiated at small
angles, Which have a higher linear polarizationdifidnal sweeping magnets and clean-
up collimation ensure that the collimation of ffremary photon beam does not produce
significant background for the experiments in HallDownstream of the collimator cave
the photon beam enters Hall D. Located in Hall B ampair spectrometer to analyze the
collimated beam, the Hall D experimental apparaams] the photon beam dump at the
far end of the hall. (The photon beam dump isthetresponsibility of Hall D).
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Details of the tagger hall containing most of themeents discussed below are shown in
Figures 2 and 3.

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 minimouanrent will be 0.3 nA.
Necessary safety devices shall be implementedewept the transport of any
electron beam to Hall D. The characteristics ef ¢hectron beam required for
Hall D are summarized in Table 1. [3] During themissioning phase it is
understood that the machine will not perform upthese specifications. A
detailed commissioning plan will be developed twlfor the machine to
optimize its performance and commission all itssygbems while the Hall-D
photon source and GlueX detector are commissiamedrallel.

Accelerator Systems is further divided into sixtegss: 1) SRF Cryomodules,
2) Beam Transport, 3) Linac RF and DC Power Systethdnstrumentation,
Controls, and Safety, 5) Extraction, and 6) Cryagen Each system’s design
solution document details system requirements asigd solutions for these
requirements. [4,5, 6, 7, 8, 9]

Hall D: Hall D will provide all equipment necessary produce the photon beam. This
equipment includes crystal diamonds and amorphaugets to be used as
bremsstrahlung radiators, a goniometer for pregisicgnment of the radiators,
a quadrupole of type QP for focusing the scattesiedtrons on the Hall D
tagger spectrometer, one dipole magnet W8 sufficient to bend the 12GeV
beam by 13.4°, detectors needed to analyze thé&ratecwhich generated the
photon beam, an instrumented collimator (used tasme the photon beam
centroid) in the entry cave of Hall D, and a paiecrometer.

Electron beam emittance €x< 10 mm-prad
& < 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 pm
Oy < 600 pm
Beam halo* <5x10-5
Beam position stability at collimator Ax <200 pm
Ay <200 pm
Electron beam current 0.3 nA<Ile<3 pA
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* Fraction of electron beam outside a radius of 5 mm at goniometer

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

The Accelerator and Hall D systems, which requirénéerface between the two groups, are as
follows, staring with systems in the tagger hallil éimen those in the experimental area:

The electron beam

Goniometer

Hall D Tagger quadrupole magnet

Hall-D Tagger dipole magnets

Electron beam dump

The vacuum system

The photon beam

Instrumented primary photon beam collimator andili@ek system

© © N o bk wDdRE

Hall D collimator sweep magnets

10.Photon beam dump

11.Hall D machine inhibit (FSD)

12.Personnel protection systems (PPS)

13.Machine protection systems (MPS)

In the following sections each of these interfagdsbe defined.

1. The Electron Beam

The accelerator system groups will provide andalhste beam transport system to the Hall
D tagger hall. The beam transport system, as efin this document, includes the beam
pipe as well as numerous devices necessary to onagitd control the electron beam to
include but not limited to BPMs, Harps, Viewers, giats, lon Pumps, and BCMs [2, 4, 5, 6,
7, 8, 9]. The devices closest to the taggerwglllbe described as they are most important
for monitoring the beam quality. An instrumentatiginder will be placed at the entrance to
the tagger hall at 1860-NS on which the instrumen@&able 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 entnze to the tagger hall.
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Directly after the instrumentation girder will be law current beam position monitor
(iICLnApm2) which is the last beam monitoring instrent in front of the Hall D goniometer.

Halfway along the labyrinth to the electron beanmg@uwill be a beam position monitor
(IPMD 100 BPM) and a beam current monitor (1BCD )1@0nally directly in front of the
beam dump will be a beam viewer (ITVD 100). The idey inside the 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 thdextron beam dump.

All the beam line instruments above are under #spansibility of the accelerator systems
group and will be controlled by the acceleratortelys groups and/or accelerator operations
division. Information from these instruments wik lavailable to the Hall D experiments
through the machine controls system EPICS.

2. Goniometer:

The goniometer is located upstream of the tagggmnetaand is used to hold the diamond or
other radiators which produce the photon beam.gimometer will be controlled by Hall D
using its own control system provided by Hall D.eTgoniometer is an ultra-high vacuum
device which poses no contamination hazard to tkelarator. Accelerator Operations must
insure that the electron beam strikes the diamawdtal inside the goniometer which is
precisely positioned along the nominal beam lirlge Tuning of the beam on the goniometer
radiator will be discussed in the startup plan andtandard operating procedure will be
developed for the radiator alignment procedure. @lgnment procedure for the crystals
consists of rotating the radiator independentlyuahdifferent axes, while monitoring the
energy spectrum of the bremsstrahlung photons. Rhisndata set the exact orientation of
the crystal planes can be measured and the optiorientation of the crystal determined.
Hall D will provide the information concerning tloeystal position to accelerator operations
via EPICS.

3. Hall D tagger quadrupole magnet:

Hall D will provide and install a QP quadrupole mag the stand for the quadrupole, the
water cooling, the power cables, and the power Igupp\ccelerator system groups will
provide the mapping of the magnet and the confaslsnagnet and power supply including
the temperature switch interlock [5, 6]. The QRdpole, with nominal field gradient of -
0.5215 kG/cm and a length of 31.26 cm, will be afistl by Hall D downstream the
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goniometer. This magnet is needed to focus thdrelex which underwent bremsstrahlung
on the tagger spectrometer consisting of a fixedtifator hodoscope and movable high-
resolution microscope. The quadrupole will be colteéd by Accelerator Operations and/or
Accelerator System Groups but set at the constamérmt specified by Hall D. Dedicated
calibration measurements which determine the famlushe electron fan on the tagging
spectrometer detectors will need to be performetbgieally by Accelerator Operations.

Operating procedures for these calibration measemé&s will be developed between Hall D
and Accelerator Operations.

4. Tagger dipole magnet:

Hall D will provide and install the tagger magngower supply, NMR probes used for field
stabilization, and a PLC based control system ®PHCS interface. The Accelerator System
Groups will provide and install any additional gguent needed to interface the magnet to
the PSS and MPS systems [6,7]. The tagger mdgrseta 1.5T nominal magnetic field
which bends the 12 GeV beam by 13.4° toward thetrele dump. The tagger dipole magnet
must be operated by accelerator operations as #&nisntegral part of the accelerator
personnel protection system [7]. Small adjustméatshe magnetic field during machine
setup are acceptable, but once data collectiostas®d the field must remain constant. The
beam steering and control devices provided by tteelarator system groups must be
sufficient to enable accelerator operations toexirthe beam position on the electron dump
without changing the current in the tagger magfdtis magnet will be mapped by Hall D at
its nominal operating current.

5. Electron Beam Dump:

The Accelerator System Groups will be responsibtettie electron beam dump. The gate to
the labyrinth leading to the electron beam dump el padlocked by the radiation control

department. Access to the beam dump will be rsttiby the radiation control department.
Radiation from the beam dump could produce backgion the tagger hodoscope. The
projected rates of 2000 mrem/h at the start ofldbgrinth under conditions of maximum

operating beam current have been computed by thati@ control department and are
acceptable for the Hall D experiments. Changesh#oshielding design must be made in
consultation with Hall D and the radiation contdepartment [11].

6. Vacuum system

The accelerator system groups will provide andalhst 1.5” gate valve (VBVD5C11A)
directly downstream of the low current beam poaitieonitor at 1871-NS, which is in front
of the goniometer. The accelerator system grouds b responsible for the vacuum
upstream of this valve and Hall D will be respotesitor the vacuum downstream. Neither
Hall D nor the accelerator system groups may Vet section of the beam line unless this
valve is closed. The valve may only be opened wighmutual agreement of both Hall D and
the accelerator system groups. The acceleratoeraygtoups will resume responsibility for
the vacuum in front of the beam dump between 2030aXd 2040-NS where they will
provide and install a 2” gate valve (VBVD101) andefmocouple gauge (VTCD 101). The
vacuum system components at the entrance to th&aiedump region are listed in Table 5
and detailed in the system’s design solution docurite 7].
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Device Name Description
VBVD101 2" gate valve
VRVD101 Roughing Valve
VTCD101 Thermocouple gauge

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

Hall D is responsible for the vacuum between tHeesaVBVD5C11A and VBVD101. This
is the region from the goniometer to the valve rgash of the electron beam dump. The

ultimate pressure in the Hall D section when VBV3&lis closed will be belowix10°
mbar. Hall D will provide, install, and controlrée pumping stations using turbomolecular
pumps which will be used to evacuate the Hall Dgémgbeam line. One pump near the

goniometer will reduce the pressure to thel0° mbar level for the machine. A second
pumping station near the East wall of the taggér sexvices the beam line between the
tagger hall and Hall D. The third pumping statiom the vacuum vessel of the tagger
spectrometer evacuates this large vacuum vessgrandies pumping to the short section of
beam line between the tagger vacuum vessel andeo® dump. All pumping stations will
be instrumented with thermocouple pressure gagescaid cathode gages. Near the
pumping station at the East wall will also be avealvhere an accelerator system groups’
portable roots blower pumping station can be a#idcfor the initial evacuation of the
vacuum system. Hall D will provide and install icuum equipment instrumentation and
controls and will be read out and controlled bylHal Hall D will provide all information
via EPICS to accelerator operations and the mactafiety system as required [7]. Hall D
will provide valve control capability to the acceleor system groups’ valve control box so
the isolation valves can be closed in case of vactailure. The logic of the valve control
will be such that either the machine or Hall D n@gse the valves but they can only be
opened if both parties enable the valves [10].

7. 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 usébkar polarization the photon beam is
collimated after a 76m drift length. After primagollimation, sweeping magnets and
secondary collimation are needed to remove frombteem unwanted particles produced by
interactions in the primary collimator. The collited beam passes through the Hall D target
and the Hall D experiment and finally enters thetph beam dump. The photon beam layout
is shown in Figure 1. Hall D is responsible for theoton beam line and will provide
information via EPICS to accelerator operationse hesign of the photon beam line has
been approved by the accelerator system groupsadiation control group.

8. Instrumented primary photon beam collimator andili@ek system

An instrumented collimator will be installed at thetrance to the Hall D collimator cave and
will measure the centroid of the bremsstrahlungt@mdoeam with an accuracy of 2@én
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and an update frequency of up to 2 kHz dependingel@atron beam current. This
information will be provided to accelerator opevas for purposes of precise steering the
electron beam on the diamond radiator and the phbgam on the primary collimator.
Accelerator System Groups will provide and installfast feedback steering system to
stabilize the position of the electron beam spotawhator and the photon beam spot on the
instrumented collimator to the precision listedahle 1 above [7].

9. Hall D collimator sweep magnets:

Hall D will provide and install a pair of sweepingagnets in the collimator extension of Hall
D. One of these magnets will be a permanent mageeaither magnet an electromagnet. The
electromagnet will be controlled by Hall D.

10.Photon Beam Dump:

The photon beam dump is the responS|b|I|ty of thdlatlon control department—The

Fela{ed—te—the—phe{en—beam—dﬁmp[mhll D will place Iess than 20% of one radlatlength

of material in the path of the collimated photoraimeunder normal running conditions.
During special calibration runs at low current @akoabsorption counter, provided and
installed by Hall D, may be placed in the photothp&rocedures for these calibration runs
and any other dedicated measurements will be ¢stabl between Hall D and accelerator
operations.

11.Hall D machine inhibit (FSD):

Hall D will provide signals to the accelerator F8MRich will be used to inhibit the transport
of beam to the tagger hall. In the event of eq@ptifailure or large backgrounds, Hall D
can inhibit the transport of the electron beamhe tagger hall. A beam shutter will be
provided in the beam transport region which is dbed in the accelerator design solution
document for safety systems [7].

12.Personnel protection systems (PPS):
Two parts of the Hall D provided equipment are gnéted into the CEBAF PPS [7].

A Beam Transport Monitor (BTM) provided by the Atmmator System Groups will
continuously monitor the currents in the magnetsclvisteer the beam into the tagger hall
and the tagger magnet energy setting. The curnmeniteese magnets are compared and if the
currents deviate from the combination needed tospart the beam to the hall and beam
dump then the beam will be dumped. The currene&agh magnet will be measured with a 3-
fold redundancy. To implement this system, the éagmagnet will be controlled by
accelerator operations.

In the event there is a failure in the above adiygem, a passive fail-safe system is foreseen
that makes it impossible for the electron beam dotransported to Hall D. Hall D will
provide and install a permanent dipole magnet arthintegrated field strength of 0.822 Tm
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in the photon beam line at about 2030-NS. This raagras constructed at Fermi National
Laboratory and is of type PDV. The dipole gap ishsthat a 1 %2 by 3 % elliptical beam pipe
fits down the bore. The magnet iron is 145” longisTmagnet will be mounted downstream
of the tagger magnet and forms part of the perdoprwection system. It has sufficient
strength to insure that the 12 GeV beam cannotdesported into Hall D. Any electron
beam passing through the dipole will be steereddimmward the floor of the 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 theleator system groups [5]. Accelerator
system groups will inspect magnet installation pmlarity to ensure the electron beam
passing through this dipole will steer down towdre floor of the tagger cave [5].

In addition to the above the accelerator systenuggavill provide and install ion chambers
in the hall along the East wall to detect transiedm loss associated with failed optics.

13.Machine Protection System (MPS):

The tagger Machine Protection System (MPS) is dansion of the existing CEBAF MPS
architecture. Fast shutdown (FSD) modules areetirik a tree structure back to the CEBAF
injector. The FSD will monitor interlocks on thedmline and electron dump. FSD inputs
include vacuum/valve status, beam dump coolingjatad status, and the experiments
inhibit. Beam Loss Monitors (BLM) will be positied at tight apertures and bends where
loss is most likely. lon chambers (ICs) will besfiimned near the radiator to detect beam
loss in a thick target. The existing CEBAF Beamr€nt Accounting (BCA) System will
include a cavity monitor at the electron beam duripe BLM, ICs, and BCA trip the beam
off through the FSD network when a fault is detdctdf any gate valve closes or there is a
vacuum failure the beam will also be disabled. Beam Envelope Limit System (BELS)
system monitors the total beam power in CEBAF tsuem the JLab operations and DOE
safety envelopes are not exceeded. The existingB&ll be extended to account for beam
power directed to the tagger/Hall D. Energy calted from the BTM is multiplied with the
value of the current measured in the BCA systemlodal limit for the tagger area will
provide protection for the beam dump. In additittre beam power in the electron dump is
combined with the beam power for the other expemialeareas to verify the total beam
power for the facility.

Page 12 of 16



beam Pair Photon

Top View \ Spectrometer Beam dump

| . Cnuntingl
Radiator E Coherent Bremsstrahlung House
photon
b~

Y gl

Solenoid-
Based detector
Electron beam / dump E
!
Tagger Area Collimator Cave T
£t Lo e Experimental
Hall D

Figure 1 Overview of the tagger hall and Hall-D.
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