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Introduction CERL2015
1.3-5.3 GeV A
R (RY Beam ourp wnind The R&D ERL facility serves a test bed for the Low
Energy RHIC electron Cooling and eventually the
/ ‘ P S electron-hadron collider, eRHIC (200GeV, 3.8km).
eRHIC -
ERL Instrumentation Layout
SRF Gun
o 8
&
ERL is presently being commissioned
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ERL Facility Layout ms

N

Control Room

Instrumentation

2MW Klystron HVPS & Controls Racks

Magnet PS’s

1MW Klystron

Laser Room
Beam Dump

Gun

g
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ERL Early Commissioning Parameters “ERi2015)

Parameter High Charge High Current Comments

Mode Mode

g‘l’;‘e‘; fo‘f)rgy ~2.5 MeV

Beam Current 50 mA 500 mA

Bunch Charge 0.05-5nC 0.7 nC

Bunch Rep. Rate 9.38 MHz 704 MHz

Bunch Length 30ps 20ps

Car Rep. Rate SkHz Limited by integrator recovery time

el upOt; (73\5{/8 ((II)((:STC)T)

Train Rep. Rate 1 Hz

Train Length 0-990 ms
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ERL Instrumentation Requirements “ERi2015)

Parameter Expected Value / Range Accuracy Resolution Comments

Current/Charge per bunch

Lower range needed for

Current (Ops.) 50 pA - 500 mA 1% 0.1% at I=500 mA ning.
Bunch ch e 5% 0.1% (at 5 nC 1% will be sufficient for ERL
unch charge | Hz — 10 MHz 0 1% (at 5 nC) o will be sufficient for :

« TWO instruments cover the Measurement Extremes:
50 pA — 500 mA (1 bunch up to CW)
= |[CT: 50pA — 800pA (1 x 50pC — 50 x 5nC / 200us)
— macrobunhces < 7us
= DCCT: 50nA — 500mA (1000 x 50pC pulsed — Cw,,..,.)
— macrobunches > 100pus long in pulsed mode

— Blind to macrobunches between 7 — 100us !
— Can’t see beam in diag. beam line !

. e of Nuclear pp
O&&\Ce e ] o ySCJ‘
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Instrumentation Layout —

@ B 0OTR Screen @ IhFroreol Camera B

(3> B HE YAG Screen @)# 0C Current Tromeformer - Solenoid

(1> B Pepper Pot

(> @ Emittonce St O :& Integroting Current Tronsformer t Quodrupole

@ B Flog Target Screen (167 BB PMT

(3 @ LE YAG Screen © @ PIN Diode A vroe

(3 ‘—'Scroper (8>- Ion Chombker B
(3 1 Foradoy Cup Flange

16> [8] BPM Button Faraday

4) i<_ Synchrotron Cup

Light Monitor
(31> ( Heliox Loss Mon,

SRF 5-CELL
CAVITY

ICT

€ DCCT’s - Eﬁ‘;‘n";
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Injection & Diagnostic Beam Line

— ICT (5:1 turns ratio,~ 6%/us droop) + BCM-IHR electronics (10kHz)

. g ol |
S —“‘— LJ LL"‘ - Farada
— Scraper | oY Diagnostic C y
_ Beam Line Profile up
— Emittance Slit || BPM monitor
Emittanc
. . Hal
— Profile Monitor Solenoid ICT |0 % e
A Inj.
Faraday Cup Dipolc
SS flange on

ceramic break with
copper mesh noise
shield

|Alll.l u

I Cathode Cav1ty

— DCCTSs (not pictured) . l
= Zig-Zag & Extraction —-..-—_E -
.l | 4 N
) . O«\CE of Nuclear Ph}/s,' )
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Faraday Cup ==

c1

Faraday Flange

¢f

to dump flange i} to FC amp
0.1uF

BNC BNC
100V rating

R2
R1 50

100k
12w

12w

o

SHV

tobias [ p—m————

max 49V

Circuit proposed for bias connection.

capl/resistor combo on Faraday
cup/flange connection

flange with enclosure to
protect from exposure to
faraday cup bias voltage

1st beam tests made with
O-Scope with direct

connection... Amplifiers & integrators for two
faraday cups (plus 6 halo monitors).

. f Nucl
office S = ar J/s .
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Diag. Beam Line Faraday Cup — DARK CURRENT &5

oseam, Creens_ oocre [
Long Coax g 1 Faraday Cup

~ R \y/SCOpe
Faraday -~ 'scope

Cup -

Discharge
Into R,;qpe

 Beam Current into Faraday Cup:

GCTV) (SR G ) ) Tbase -17.8 msfInig

. . . 1.0 Vidiv 200mV 100 mV/s G £ 5.00 ms/ “Novm. 410 m
— Finding effective C: [t =R T : Stlsh el Posi
- — 215V --- -822 mVi i 238 mV||---- B ---- -21.5 m| X1= 1081172 ms AX= -8.51444

20 mV||----- -38.8 mV| |- 455 mV||----- 200 | V X2= 229728 ms 1/AX= -117.4475

oy 217V/ay  434mViay  217mViay  247Viay

" Crcery= Oms / TMQ = 5nF Dark Current

= We. find a Dark Current = 2uA Q=f1(t)dt=lfv(t)dt
during the RF pulse from the R
voltage measured on the 1=-2- L v
effective capacitance of the I 2T1 7 f/ /IMQ/10
=21./mVs ms
Faraday Cup. = 2.17uA

Nuclear p
P SN
A @\ -
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Diag. B/L Faraday Cup —- PHOTO-CURRENT {105

AV for each beam Phato-current

current pulse gives IR N B o\ Dark Current
the charge. e wme———roa>, |,=0-8nC —— Charging Curve

/SN S NS iy .. TR S
« Q=CAV
=(5nF)(158mV)
=0.8nC

« Superimposed on
Dark Current curve |

)SUDCTM ) (62 C2 PEF D EE)INLT) \ : )50 ﬁ"‘_‘_ﬂ 3 [Tbase -510 psfTrigger
B i g  m 5oomwaJ 500 MS/ 500 ps/div Normal 150V
305.0 mV 57.00 mV 18 20 mV -180 mV 250 M 25MS 500 MS/s/|[Edge Positive
89 mV||---- -354mV ---- 2360mV - 720 mV| |---- X1= -159.100us AX= 21.028 us

=247 mV| |----- 512 mVl 19.65 mV X2= -138.072 us 1/AX= 47.556 kHZ
-15.8 mV.

-395 mV
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Integrating Current Transformer  ERL201S

N— ;/

Bergoz ICT-CF6-60.4-070-05:1-H-UHV-THERMOE

Integrating type, In-flange CT
For bunches bunches & bunch trains
Bergoz IHR electronics
Noise <IpC beam charg
Calibrated

v

Mechanical details:

Signal processing timing diagram:

60.4mm ID Gate width <0.1us up to >7us
40mm aXlal length First Integration Window
Rad-Hard option — Charge Sensitive Tiger ey ot e o
Bakeable to 180C, 1= Niums a3 it seoond window
- [ ! Signal View A femo
plan 48h at 150C 2 \ Ot Ugue | Smiver [, ,
m calibration pulse 9 i 1
Separate bake-out zone e - & '
Intemal TC, type-E < ICT > < User connectiony e e ; - T T 2
Output View 2?5‘6?\/ |
ERL requirements for bunch charge at 0.1-5nC: + ‘ T i i
S ps .]
Trigger 5.6V .-
5% accuracy wameaosen | o0y L] ——
1% resolution (at 5nC) sy oo gazme
4 é 3 EE I 4 e2ev 1 AuTo
_ ce of Nuclear pp,
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Injection — Integrating Current Transformer {55

1 200%/ 2 1.00%/ 200%/ 100%/ & 82.60% 10.008/ Trig'd £ E 1.26Y
Agilent
7us Integration window + Boquiston

Hormal

1ys macro bunch . - oc oo
: Laser Pulses on ZLo L
Photocathode (9)

Cursors

9 pulses with 9.38MHz
spacing and 44mW

1.68nC total charge

Channel 1 Menu

— O19pC per bunch EO%ngng O llr:;FEﬁSn BW Limit FRERR

— (550pC,,,, demonstrated using 4W
laser pulses)

office of Nuclear pp,

oy Cs
. 5
N (=B
i .l
. s
atter - QU2

BROOKHIVEN Toby Miller

NATIONAL LABORATORY June 10, 2015



Bunch Patterns compatible with ICT

\ ERL2015
\

Bunch pattern for ramping up the beam current (for fault studies):

Short Train

+ 200pC/bunch

1 car with 1 bunch at 1 Hz —>k<_ L8 | , 5kHZ rep.
e 7 7 <"1 —50 bunches
2 cars e‘aTh with 1 bunch per car at 1 Hz s <ihort Train ‘ ‘ per car
J(\ \W/X\ Mm
= 200 : <
and so on until ... 'avera.ge ' I CT
All cars contain 1 bunch over full RF pulse Full Train (In traln) Charge/car
AT N TR TR
= = — 7JS max
car length
All cars each with 2 bunches over full RF pulse at 1 Hz rep.
2uA
N <~ <A <

and so on until ...

RF Pulse length

7us max =>» Max train length
50 bunches/car at 1 Hz rep. -

QP 1111111111 i 1111111111

S0pA

[ITTTITTIL.
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\ ERL2015 /

Machine Protection — Over Current/Charge

« The ICT is used (under limited pulse structures) to:
— Limit operational current during commissioning & fault studies
— Log operational current

— Limit operational current in “Instrumentation Mode”

= Specific charge thresholds are set during the insertion of each of
the following instruments:
— Profile Monitor
— Dipole Profile Monitor
— Emittance Slit Mask

— Halo Monitors
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ICT interface to MPS | ﬁmm; -

\/

* Dedicated amplifiers & integrators for ICT signal
« MPS compares Charge to limit for inserted device
» Limited to 7us cars or macrobunches

1 macrobunch o Must count pulses beyond 7ps...

50 x 200pC
b h
ICT (5:1) .
0 A P
|(—>| 7 ps (max) —_
IHR-BCM
V3123 Gate:
IN ouT > Digitizer Macr;)
100kS/s
bunch _

width

Compare to Limits for:
Si a 500 10 - Profile Monitor
Vifw vps = - Dipole Profile Monitor
- Emittance Slit Mask
- Halo Monitors
Trigg -
Offset
adjust
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Pulse Counting Scheme “Eri201s)

Extending charge measurement beyond ICT 7us window
Pilot macrobunch charge measurement
+ 50 pulses in pilot
x Counted laser pulses

i o = Compare to threshold (for inserted device)
—_— A N
’ 7
IHR-BCM Signal Processing
Photodiode Trip MPS
et S&H Point
aaa ! 1 Charge
9.38 MHz . \Per Pulse Thresholc_i Detect (1 of 4)
e (One per instrument type)
Comparator
(TTL Out) T -l + ST
50 4 ] T pown
Counted
Pulses per Pilot Counted
Pulses MacroBunch K/ Charge
S1S3820
Scaler/Counter  [€ > f
Pulses / Sec.
oice Ol Phy,
i ks
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DCCT System ( ERL2015

\\/

« High precision DC measurement
« DC - 10kHz bandwidth

« ~1uAresolution expected @ 1Hz
Modes:

 Absolute Gun & Dump currents
» Differential Gun — Dump current

Al m—
[ |

for Machine Protection Bergoz NPCT system

(10uA loss budget) BNL designed enclosure:
DIFFERENTIAL SCHEME: Calibration winding

The toroids installed in the injector and dump lines are connected via a current Water cooling (80C max bake)
loop that threads both toroids and that is driven by a stable low-noise current Mu-metal shield

source. The current of this source is regulated to minimize the output of the dump
toroid. The output of the injector toroid is then the differential current
measurement.

Bergoz model # NPCT-S-115 New Parametric Current
Transformer, with options: :
 M5mmID

« Very high resolution (<1uA/(Hz)'?)
* Radiation resistant sensor
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Time response of DCCT vs ICT “Eria0is)

« DCCT requires long macrobunches (>100pus)

. Pulse structures tailored F o PECT Response
for each instrument I T S
(ICT vs. DCCT) | I |
* Instantaneous current i .
measurement for each | | ]
long macrobunch gives croutut = ——
11 b} (Sig. Vle.w) 100ps
a “pulse current 10usidiv [ ]
Marcrobunch Widths  / U /
(7_u:| |< 100 pus min )I
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Bunch Patterns— ICT vs DCCT

Pulse Structure for ICT
ICT is gated around the Car

1 Hz
RF Pulse

Length

/// THITHETH] ////_lly

\

Pulse Structure for ICT + DCCT
ICT is gated through the Pilot macro pulse

DCCT is sampled at the end of the Long macro pulse

1 Hz
RF Pulse

/-

Length >
" -

Car Current = 1,876 pA
Long Car: 950 x 200pC bunches

\ ERL2015
AN

1C r
i 23(§pC Rt 1576 IJA Pilot Macrobunch Long Macrobunch >
_,l]umhe(s_ __ Foricy < For DCCT S
Al a1y 1] 11111111111 [l
/ I/ 50  Delay 950 Il /
H 5 kHz rep rate <_)I< >|<
2'3!”[8 200 ps 5| 53us  18.4us 101.3ps
Train Current = 50 pA ; 125ps
; 4 ms 250 Hz rep rate
Train Current = 50 yA
Toby Miller O
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Summary (erL2015

N— ;/

« A Bergoz ICT is used to measure beam charge in short macrobunches
— Up to 50uA average pulse train currents

 Measurements are confirmed with Faraday Cup

* A pulse counter is planned to be used to extend the measurement range of
the ICT

« A Bergoz DCCT is used to measure long macrobunches

» Interlock thresholds are set in the Machine Protection System

» Future plans include the use of differential current measurements using
separate DCCTs placed near injection and extraction.

. f Nucl
O&;“Ce e "% ar Pyss
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