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RHIC will be run at low ion beam center-of-mass energies of 7.7 — 20 GeV/nucleon, much lower than the typical operations at 100 GeV/nucleon. The primary motivation is to explore the existence and location of the critical point on the QCD phase
diagram. An electron accelerator is being constructed to provide Low Energy RHIC electron Cooling (LEReC) [1] to cool both th e blue & yellow RHIC ion beams by co-propagating a 10 — 50 mA electron beam of 1.6 — 2.6 MeV. This cooling facility will
include a 400 keV DC gun, SRF booster cavity and a beam transport with multiple phase adjusting RF cavities to bring the bea m to one ring to allow electron-ion co-propagation for ~¥21 m, then through a 180° U-turn electron transport so that the
same electron beam can similarly cool the other counter-rotating ion beam, and finally to a beam dump. The injector commiss ioning is planned to start in early 2017 and full LEReC commissioning planned to start in early 2018. The instrumentation
systems that will be described include current transformers, BPMs, profile monitors, multi-slit and single slit scanning emittance stations, time-of-flight and magnetic energy measurements, and beam halo & loss monitors.
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Electron Beam Instrumentation Electron Beam Parameters (Cooling Section Energy Matchmg Beam Pulse Structure
For successful cooling, beam energies require 104 The electron beam has a nested pulse structure [1], where
mm accuracy. Electron beam energy will be set to an 80 ps bunches at 704 MHz are grouped in macro bunches
Beam Energy 1.6 —2.6 MeV : : : - " : :
Profile 13 3 1 1 1 6 1 increasing accruacy in the following way. and positioned to overlap with the 9.1 MHz RHIC ion beam.
Bunch Charge (v...=4.1-6.2 100 - 200 pC
Charge 4 2 1 1 g€ (Vion ) P 1. setto a 5% accuracy by setting the V.. to an o e e s @ O M1z rem e
Current 4 3 2 Macrobunch Charge (@ 30 — 24 bunches) 3-4.8nC accurate value ' P
Position 41 8 9 2 2 17 3 0 st overlapped by
Average Beam Current 30 —-50 mA 2. Set to 0.3% accuracy by adjusting V. based on
Halo 1 1 the magnetic spectrometer measurements 704 MHz electron macro-bunches @ 9.1 MHz rep rate
Emittance 3 1 2 Bunch / Macrobunch Rep. Rates 704 /9.1 MHz 3. Set to 0.1% accuracy by adjusting . based 9 MHz RHIC RF L5wC Boam Stucars
Ap/p 2 1 1 Bunch Length 80—120 ps on recombination rates o4
Energy 1 1 4. Set to 0.01% accuracy by Schottky Spectrum :
-4 . .
Long. O 1 1 Max. Allowable Energy Spread (Ap/p) 5x10 eacurements
Beam Loss 15 4 3 1 5 2 Beam Transvers Size (cooling section) o=3.84 mm
e o e 2.5 um Energy Measurement Ranges 031 7
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As an indicator of proper alignment of the electron and ion beams

| 2% © © 0.10%
Analyzmg e SEelLY) :spectrum from iz sl wel) elnrent for cooling, PIN diodes attached to rate counters will be installed in L Recombination J
monitor (WCM), the evidence of cooling can be seen as was done . - r————— 0.1 1
, , one of the cold arcs of RHIC to detect radiation from lost Au’s* ions

at Fermilab recycler [S. Nagaitsev, et al.]. The Schottky spectrum trom recombination | Schottky Spectum
will be used as a probe to find the precise electron beam energy. . _ ' . 37 |\ CourtesyF Carlier | _ ™ | l
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e Electron beam concentrates ions at Electron energy
 Peak forms in Schottky spectrum on Wall Current Monitor
* Adjust LEReC RF to alight energies
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energy to <1x10*4 and 2000 ‘2?;?;;1 - : recombination
RESEUTITE T 7E . Yeiiacied (5o Absolute Energy Measurement
electron energy with § 1500 |- \ | . portional to BPM accuracy requirement: 50 um
respect to the ion < ' collisions. Two BPMs will be used with the 180° dipole magnet in the
energy we, know the § 1000 | . cooling section as a spectrometer. For absolute calibration,
Nt er’1ergy - S | | a YAG screen profile monitor is inserted into the BPM
o <1x10 500 \ : P8 Pt 5 ) chamber in the same X-Y plane as the BPM buttons.
v ~ #3
0 | | | | /
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Calibrated Scanner (2)
IP6 by Profile
—— PHENIX.ZDC.(C) (Y1) y1—pmt1s.1:diffM(D)(v2)- Mon|t0r 1 80 Q/gvg/
Emittance YRR -
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Multi-Slit — Iniection Section: <od of deflect: " g f . An energy spread measurement is required with a resolution -
. Automatejd Analvsis ' Sleprlsed ofa 704'M|:Zh € gcnn? EEME} oc;te st ? Er aj20 of better than 10% of the maximum Ap/p of 5x104. -
Ul : 'POIE an upstr.eam o1 nE MBS Pk T e Ap/p of the 1) Insert slit in #1 ,turn off 180° Dipole, energize high field "
e 0.5 umres. (norm Emit <2.5 um) macrobunch is displayed on the PM as the dipole expresses the Ap/ solenoid Hybrid
* Low Power Operations Only p as horizontal Ao, and the deflecting cavity tilts the beam to 2) Take Profile on #2 BPM-+YAG+SLIT
. thngrztaecr:(;tl)il:rr:as{(sec) e?<|0ress t.he bear?As I;)nglttlj_idma: axlls onttr:)_th)e vertical axis. This 3) Energize 180° Dipole & take image on #3 / \
’ Mask 1.5mm thick... gIVES aniMmage Of 8p/p Vs tIME {OTIEgth = 2). 4) Compare images from #2 - #3 in horizontal #1 H2
10 x 150 pm slits @ 1.35mm

Deflecting Diagnostic Section
1 o W Charge & Current Halo
[ | I | | (<) All digitized by Zynq Monitor S\ e ma e T Thy :
| L. ADC @ 250 MS/s B =D WE Tl
| s %p Faraday Cups r (Quad) . =
' Fe * (3) one for each dump 2 X palr
* (2) end flanges 3-mm
Beam Image on YAG . ’ - 2 pairs of stepper controlled copper jaws with current measure-
. 1.5E-02 (4) Halo Mon’s Gap
BN ment from the blades with loss signals from downstream BLMs.
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_ 5 . Shicldod coramic L. |Iprofile Monitor & Hybrid PM+BPM
. s ) _ ARB: Ceramic Shield
15605 -apeor soeor TOMEER: B0 10802 1B ’ . = . -
U E Fast Current Xfmr's for MPS oy PM Key Parameters: Hybrid PM Functions:
. Dif'ff;'L‘S cavity: * FCT-CF6.75 '_9_6-_0'UHV'ARB * Cylindrical Vacuum Chamber * Absolute Enrgy
v U~ o f=704MHz L _ * 45 mm screen aperture * Beam Profile
oy=56mm | wmem * Tuned to 704MHz with Q=5 * YAG crystal 0.1 X 50 mm * Energy Spread
b . b . ) oz= 32mm . * ARB option: 3-mm Slit shield e 50 um resolution o
eam multi-sli eamlets profiler . : :
7l =p€/€U'/Z/27ZL 'le Aluminum coating
DCCT (NPCT) Differential Inj-Extr * Normal to beam
e NPCT-S-115 . e Copper mirror @ 45° behind YAG
. e Shielded Ceramic FCT & ICT * Low power (1 macrobunch / sec) Slit Mask
Em |tta nce e 1Hz Average — Slow beam loss -
(Cooling) 704 MHz Transverse YAG SN
Mode Deflecting Cavity DCCT with
One in each cooling section, a tungsten single- current
slit mask is scanned through the beam upstream bypass shield
of a profile monitor that takes images once per
second. -

e 0.5 mm/s scan over 30 mm
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beam spot (1 min) Bea m POS Itl on 5 FM% . L?cg BPM
e 2 mm thick tungsten mask ACCINE" ol o Button
e 1Hz images e 41 Button BPMs (28, 15, 9 mm) o ey [Feoa | L
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1306 Lsp PMT BLM electronics developed at
oo, [ ) JLAB for the 12GeV upgrade will be Bea m LOSS

used for the PMT detectors.
T * R11558 side-on PMT
. " / : MMM WMWW / e * For MPS & Diagnostics
L | g i | e 16-bit DAC for LIN & LOG signals
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* Response<1ps
* FPGA based & VME interface

Amplitude (mV)

il -  For pulsed beam & CW Module
0 30 60 ] 90 120 150
Conical 28mm ———
A 10 > > 1.5 .
, ) Gold beam - lon Chamber RHIC style loss monitors.
y=4.1 -
Local 6 Charge/bunch=9.56-9C | e 113cc gIaSS tubes
amplifier z4 RMS length = 3.2m s 0 95 f A
g2 =00 3 O .95 atm of Ar
boosts mV Y O “ g
signal B, == i 05 £ o q
/ Tungsten maSk g 5: before filter [:::.:::_ P g NI e|ECtrO'des,
N with H & V slits ., A , s shorfiker ......| * +1400V biased.
o Y ' - >, __ -8 . .
)/ 2 2~ , > 10 2.0 * Signals processed by VME
\ ) 0 20 40 60 80 100 120 140 160 180 200 .
N\ ¢ LI electronics developed for RHIC.




