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IP-11 Status summary
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* Ready to inject beam into the RFQ
= Shutdown expected by Monday, August 10

 The beam line as intended for FY15 is complete

= Design of the bend is progressing (including its vacuum
chamber)
«» Should be able to start procurement by the end of the month

« Continued measurements of beam properties at the exit
of the ion source

* Implemented rudimentary Machine Protection System
= Enough for RFQ commissioning with MEBT 1.1

 Recent emphasis on instrumentation development
= Toroid, new DAQ system...
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IP-/l Outline
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LEBT configuration

Phase space measurements at the ion source exit
Machine Protection System

Instrumentation development

Operation

Bending dipole magnet design
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Beam line configuration
PIP-ll (June 26- July 20)

« Removed MEBT scrapers; added beam stop and vacuum valve
= Also realigned electrically isolated diaphragm in Solenoid #2
= Emittance scanner rack and power supplies moved outside the cave

 From July 22, added Fast Faraday cup between donut and ‘regular’
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PIP-lIl

Phase space measurements at the ion source exit
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Phase space measurements at the exit
of the ion source

PIP-lIl

* Multiple measurements for various ion source tunes

= Pulsed and DC beam

= Some data with IS settings
identical to those used for
measurements made
downstream previously

« Limitation at ‘high’ current

= Emittance scanner front slit
might get too hot

< Working on simulations vs.

data to better understand
how high we can safely go
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C‘E’« Extracted beam current vs. beam current
1 measured with DCCT

* Some beam is scraped off in the first isolated diaphragm
(known amount) but also in the ‘bellow shleld (unknown

¥ siis S

amount a priori) “ ) A

« Use phase space
‘integral’ from when |
the scanner was
downstream and
cross-correlate with
DCCT
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yp.y EXtracted beam current vs. beam current

S -1 measured with DCCT (cont’)
« Based on phase space ‘integrals’, as much as of
the beam may be scraped off in the bellow shield
= For nominal IS settings (and 5 mA in DCCT), appears to
be IOSt . :Beam Current at DCCT Vs Extraction VoltageI |
+ Fairlygood e e
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transmission  £° ; N 1
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PIP-II Extracted beam centroid

« The beam exit trajectory depends on the IS settings

IS vertical corrector current that centers the beam in solenoid #1

arc current =
(& beam current)...

= Space charge
effects ?

IS Y-corrector current, A
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It was found that the IS X-corrector did not need
to be adjusted during the centering procedure
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PIP-II Comments (1)

* Measurements of the phase space taken at the exit of
the IS show that the emittance downstream can be
smaller than at extraction

= j.e. effect of scraping is larger than the emittance growth

AllisonScan-2015-05-29_08-40 AllisonScan-2015-07-17_13-59
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PIP-ll Comments (lI)

* Because so much beam is scraped off at the exit of the
lon source vacuum chamber
= May not be able to reliably run at 10 mA

= Cannot center the beam in Solenoid #1

+ In the original design, a small fraction of the beam (< 5%) was
supposed to scraped off in the first isolated diaphragm removing
non-linear tails where the beam is mostly neutralized

:} lon source vacuum chamber needs

to be modified for the long(er) term
- Possibly when we install the bending
dipole magnet
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PIP-lIl

* Machine Protection System

12
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PIP-II Machine Protection System (MPS)

* Need to ensure pulse length < 20 us (and 5 mA max
peak current)
= Faraday cups are the limitation for MEBT 1 commissioning

= First, inhibit beam based on LEBT scraper loss/pulse length
« Then use pickup ring signal (at 162 MHz) as main device

= Start with smallest LEBT scraper aperture (3.5-mm diameter vs. 9-mm)
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PIP-ll MPS architecture/setup

« Basic MPS setup — No pre-defined beam modes
 Permit line — TTL or close-contact

* Primary beam inhibit — LEBT Chopper (~ 150 ns delay + 110 ns rise time +
propagation)
» Secondary beam inhibit — Modulator extractor (~150 ns delay + 250 ns rise

time + propagation) and/or High voltage (several ms delay)
* Fast Shut Down signal — 30 MHz carrier (arbitrary) —>

1 L T |
Timing/ MPS PERMIT SYSTEM
Triggers

Beam switch

Extractor

e ¢ 1V Supply

A. Warner

LEBT
Scraper
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A. Warner,
B. Brooker,
T. Zuchnik

PIP-II Preliminary implementation

« Beam loss signal from LEBT scraper
= 3 different windows of integration | Tested successfully but

= Remove permit to chopper if above limit not operational
+ Beam deflected to LEBT absorber i

= “Pulse length limit” trip condition not tried yet

'+ Beam stop status signal (from PLC vacuum)

= = |S HV is tripped off if beam stop is inserted
into the beam line

Operational

General purpose FPGA Board
® 64 inputs expandable to 162
= 32 outputs
= 405 MHz max for registered logic
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PIP-lIl

Instrumentation development
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PIP-II Instrumentation development

V. Scarpine, B. Fellenz, A. Saewert,
G. Saewert, N. Liu, A. Ibrahim, D. Heikkinen

« Test of new isolated bias circuit for current measuring
electrodes (e.g.: isolated diaphragms, LEBT scraper)
= Remove DC offset due to resistors
= Allows one HV supply for many isolated pickups
¢ &7+ |nvestigation of asynchronous noise on
. LEBT toroid signal
' . * Beam studies with Fast Faraday cup
' - Old SNS-style FFC first

= |nstalled new FFC yesterday (designed for
MEBT)
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PIP-Il

* Operation

18
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PIP-II Operation issues

* Mass flow controller (at HV) failed (7/17/15)

= Cause of failure and failure mode have not been clearly
identified but there had been some HV discharges (sparks)

+ Noticed a lot of condensation on the IS body when failure/sparks
occurred

o The cooling water temperature for the IS is only 19°C/66°F
(recommended by the manufacturer)

= Replaced with spare
« Should probably get a new spare soon...

* Filament failed (7/27/15) and was replaced
= |t was expected... Almost ~800 hours lifetime !!!
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PIP-|I Cave temperature and humidity

Sensor above ion source cage

= That day (7/17/15) was the
most humid since the device
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PIP-lIl

Bending dipole magnet design

21
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PIP-Il  LEBT bending dipole magnet design (1)

« Magnet conceptual design (magnetics) well advanced

= Air cooled

= Some optimization of the pole tips remains to be done

Parameter Unit Value
Beam energy keV 30
Bending radius mm 300
Bending angle grad. 30
Beam bending radius mm 300
Magnet center gap field T 0.0854
Integrated field T-m 0.016 T-m
Magnet gap (between shims) mm 60
Magnet shims (height x width) mm 3x20
Copper conductor dimensions (width x height ) AWG 8 mm 3.26 x 3.26
| Number of circular coils 2
Vi7s-{-Coiknumber of turns .,/ 225
[ Total cbnductort:tgr%éth m 225
Winding resistance ? 0.44
Peak current at 0.016 T-m integrated field A 10.2
Peak voltage \' 4.5
Power losses W 46
Magnet height mm 264
Magnet width (min/max) mm 296
Magnet length mm 208
ope€ra V. Kashikhin
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PIP-Il LEBT bending dipole magnet design (Il)

 Vacuum chamber conceptual design almost complete

= Optimization of the beam
absorbers in progress

= Work with magnet

I
=== —
. N
designer from TD L= L
1 7
/
/ \
| 85

(S. Krave) to integrate|

the magnet with the
vacuum chamber
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= Procurement of H 1

materials for the

vacuum chamber could

Start soon "‘.‘I‘—.TST [20.0]
FEND ‘I". ) la,
®- - O R

_________ 5 D. Snee
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PIP-II Cut-off date for running the LEBT

Al =1%

 August 10, 2015

= ~2 weeks before RFQ scheduled delivery (week of 8/21) for
prep work in the cave
« E.g.: move cable trays, racks...

= Assumes a last weekend run (Aug 7-10), likely in DC mode

« There is quite a bit of data that remain to be analyzed
= In parallel, we will continue to work on simulations
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PIP-Il

Al =1%

Additional slides
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PIP-II Role of LEBT in PXIE

* Prepare beam for RFQ (i.e. «, ) and machine protection

« DC operation

= 5 mA, reliable and ‘stable’
* €1 ms S 0.18 mm mrad

= Uncontrolled losses <10%

* Pulse operation
= 1-16667 us, 60 Hz

= Twiss functions representative of DC beam operation

- To transition from short pulse (commissioning) to DC (normal operation)

o If not the same, DC Twiss functions should be predictable from short pulse
measurements

lon Beam
LEBT
40m

-4
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PIP-ll LEBT ‘scraper’

« Movable isolated electrode with holes

= Beam measurements and RFQ protection

- . KD LEBT/RFQ
; = o~ & @ a ’ Interface flange
-.._.;.‘__.__v‘_;.-. i : . . B, = >
" 1 TS Pencil
r i < 2 beam

/ aperture

Regular
aperture

Up/down
motion with

stepper motor

N

Scraping

T. Hamerla
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C'« LEBT scraper pictures
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f’f‘” Extracted beam current vs. beam current
"WhH-\ measured with DCCT (cont’)

* Phase space ‘integral’ downstream for 34 data points in
pulsed mode & 56 data points with the beam being
chopped

= 5.120.04 mA & 645129 V

« For identical ion source settings, in pulsed mode

= Phase space ‘integral’ at the exit of the IS=470V

«» Corresponds to 7.4 mA !l

o Signal gain was reduced by a factor of 2 after the scanner was moved
to the IS vacuum chamber because it was saturating

«» DCCT does read 5 mA
o = ~30% scrape before first current measurement

= For different IS settings, phase space ‘integral’ as high as 730 V
= 11.5 mA, even though the DCCT read back 5 mA
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