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Project X Outline

he

* Project X

* HINS Beam Studies

* BPM Read-out for HINS an PIP
* What is PXIE?

* Optional: TOF Measurements
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Project X Reference Design #

* Stable since more than a year, delivers simultaneously:

— 3MW @ 3 GeV, 200 kW @ 8 GeV, 2 MW @ 120 GeV
* Serves simultaneously (intensity frontier):
120 GeV

Neutrinos

2 MW
— HEP rare processes (kaons, muons)
— Nuclear physics & energy R&D
— HEP neutrino physics
» Pulsed 3-8 GeV SRF linac extension
> Stripped H- injection in RR / MI e Schedule
— 2010...2015:
360, 1m, C SRFLnar ——> R&D
[ETm— _ 2015...2020:
e Staged approach back to the construction
HEP energy frontier — 2020...:
. operation,
— Neutrino factory upgrades

— Muon collider

Nuclear
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rofect X accelerator Scope & Staging #

Warm CW front end 162.5 MHz, 5 mA (H- ion source, RFQ, MEBT,
chopper)

3-GeV CW SCRF linac (162.5, 325, 650 MHz), 1-mA ave. beam current
Transverse beam splitter for 3-GeV experiments
3-8 GeV: pulsed linac (5% duty cycle), 1.3 GHz
Recycler and Ml upgrades

1-GeV extraction section (new) Pulsed dipole
Various beam transport lines,

' S
. . | H- Source — = 3 GeV, 1.0 mA CW Linac
Including targets (new)
3 GeV campus 1-GeV
350 Mev :
Front extraction
end to 1 }.O sy
350 Mev i i inac GeV cw 0.75 0.75

Mw MwW
&éf Nuclear :a'vsv Muons

Recycler /
Main Injector
120 GeV

ol i Kaons
Campus J1 GeV xfer 3-8 GeV pulsed linac

in Booster

tunnel/
8 GeVAransfer line to LBNE enclosure
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IProject X Beam Chopping #

1 usec period at 3 GeV
Muon pulses (16e7) 81.25 MHz, 100 nsec at 1 MHz 700 kW
Kaon pulses (16e7) 20.3 MHz 1540 kW
Nuclear pulses (16e7) 10.15 MHz 770 kW

lon source and RFQ operate at 4.2 mA
~75% of bunches are chopped at 2.5 MeV after RFQ

18

[EEN
(op]

Separation scheme
(M)

/7 \
SN
o/

Transverse rf splitter

[ERN
N

[ERN
N

[
o

Number of ions per bunch, (e7)

o N OB~ OO

00 01 03 04 05 06 07 09 10 1.1 12 14 15 16 17 1.9 20
Time, us

March 20, 2012 — ESS Beam Diagnostics Meeting (M. Wendt) Page 6



iProject X SRF Technology Map =

B=1.0

A

162.5MHz 325 MHz 650 MHz
5 1-10 MeV 10-160 MeV 0.16-3 GeV 3-8 GeV
Section Freq Energy (MeV) | Cav/mag/CM Type

HWR (B;=0.1) 162.5 2.1-10 9/6/1 HWR, solenoid
SSR1 (B=0.22) 325 10-42 16/8/ 2 SSR, solenoid
SSR2 (B=0.47) 325 42-160 36/20/4 SSR, solenoid

LB 650 (B;=0.61) 650 160-460 42 [14/7 5-cell elliptical, doublet
HB 650 (B;=0.9) 650 460-3000 152/19/19 5-cell elliptical, doublet
ILC 1.3 (B;=1.0) 1300 3000-8000 224 /28 /28 o-cell elliptical, quad
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Project X MDB Test Facility Layout #

: 7 e /|
1 3 GHz HTS %44 325 MHz Spoke Cavrl'y
[15FT HIGH SHIELDII Tes‘l’ FGCI|I1’Y

i... 4 A R / ELY I
7‘ Y s ’
CLEAR 4RE2 HTS 2
% CRORR G EEEEE-'r
- QVEFHEAD CRAME Fy
P . fo
/'.

\ \ OER C=]
) H ]

35 e
.

M
TT‘r"r"lH'ﬂ I ﬁlﬂl-lul-llnl%i’””||||||||| | | Scale: Squar'e blocks

|||||||||||||||||\|\| !
L|||||||||||||LP!_||||\ L .
|

B = = ',|.|.LL|1£_|._|,?||f.|._i_1“i' — ILIFI‘I‘I‘I‘I a_r'e 3ft X_3f'|'

kan Sour;ce of mmﬂ.m.”.*-.m-a'mm | | \
o cry ogemcs V1 N T=Y ‘ ‘ _FM I [h | q]
‘ Ion Sour'ce and . ] e / :

e j MDB Linac enclosur'e T e ]
RFQ for 10 MEV é Z | —

H —wrer IREES 30 TON CRANE LIMITS =

1 METER

ZCHANICAL mrmere. g
UTILITY
RO

LEVEL WOMEN

ROCH 1 ROOM 2

March 20, 2012 — ESS Beam Diagnostics Meeting (M. Wendt) Page 8



Project X
LIAEEE & HINS Beam Parameters #

| Proposed | Actwal |

Particle H+ then H- H+ (then H- ??)

Nominal Bunch 325 325 MHz

Frequency/Spacing 3.1 3.1 nsec

Pulse Length 3@ 2.5Hz 1 @ 0.2 Hz msec
1 @ 10 Hz 0.1 @ 1Hz

Average Pulse ~ 20 (source) ~ 20 (H, 2H+, 3H+) mA

Current ~8 (RFQ - H)

Pulse Rep. Rate 2.5/10 0.2/1 Hz

Beam Energy Up to 10 2.5103.0 MeV
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Proiect X HINS Proton Source and LEBT #

Wire
DIP-UH DIP-DH I RFQ Scanner
SOL-U DIP-UV DIP-DV SOL-D :
Proton :
Source I
I
TOROID |
— 16.0cm—p «—16.0cm —
< 52.0cm >« 22.4cm —
Name Current [Amp] B [Gauss]
Duo-plasmatron Proton Source
SOL-U Upstream solenoid 850 7900
Energy 50 keV SOL-D Downstream solenoid 850 7900
Peak Current >20 mA DIP-UH Upstream horizontal dipole 3 100
Pulse 3 msec DIP-UV Upstream vertical dipole 3 100
Rep. rate 2.5Hz DIP-DH Downstream horizontal dipole 3 100
DIP-DV Downstream vertical dipole 3 100
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Project X1INS LEBT Beam Characterization #

Proton Focusing Wire
Source Toroid Solenoids Scanner

|
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Project X A Typical Wire Scan (LEBT) #

0.5 0.5
™ L — itting Resul "~ 0.4f — Fitting Resul
50.4 Fitting Result g itting Result
;g 0.3 g 0.3
= 0.2 | ﬁ — 02
201 | 201
0,00 00t = e
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Wire Position [mm] Wire Position [mm]
Signal with background
™ subtracted.
|| 0.3
0.2

The time structure of a 100 us

S0 pulse. The flattop is about 50 ps.
Time [pus]

X [mm]

14
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~~~~~~ Slit-WS Emittance Measurement #

)

|l Other particle
|| species fill the
‘ beam pipe

x' [mrad] 0F

/)

Proton

Slit motion

-20

0.02
Arbitrard 01
0.00 ¥

O v o Fow v Fow o e 0 § e oo d
0 5 10 15 20

X [mm]

Background signal
outweighs proton signal.
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Project X gpecies from the Proton Source #

LEBT

<l -
- -

Testing Diagnostics Line

A
Y

West
Faraday
Cup

Source Spectrometer

Magnet

Upstream Downstream
Solenoid Solenoid

|
[
|
Proton |
|
|

East
Faraday
Cup

RFQ Entrance Wire

smm Oource Species  "on Scanner
Green — Source Extractor Voltage

Red — Straight ahead Faraday Cup
Blue — Spectrometer Faraday Cup (bend)

» Downstream solenoid optimized for each species
» Upstream solenoid fixed at 470 A

~ 40% Protons
~ 30% H2+

o ~ 30% H3+
& - As measured by LEBT toroid
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Project X Phase Space Cleaning #

Source Emittance
Slit & Solenoid Scans

0.6+
+ Slit-x
« Slit-y
) 0.5¢ KV Envelope - x
§ * KV Envelope -y
=
£ 0.4
o
W
)
% © 0.3+
8 F
© £
£ .E 0.2
S &
0.1
O | | | 1 1
0 1 2 3 4 5 6

Proton beam current [mA]
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Profect X HINS 325 MHz Pulsed RFQ

HEEEEEEE Y
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Proiect X |nitial RFQ Beam Measurements -'"'-._"_.

Wire
Solenoids Toroid Scanners
RFQ design:
* 25MeV aoen RFQ
e 325 MHz Beam
ﬂh — Toroid Dump

* Peak power up ® ores

to 450 KW Profile Sigmas and Integrals ; I ~ 4 mA
° 1 ms U|SeS at Horizontal Scan, WS1+42+43, 200an2010, | ~ 4 ma

10 Hz 15} i Scanner 1 4.5 mm 4.2 mm 4.3 mm
RFQ suffered 1t Scanner2 7.0 mm 6.8 mm 6.2 mm

from detuni ng Scanner3  16.2mm  13.2mm  13.4mm
problems and el Integrals _Horizontal Vertical _Diagonal
water leaks = 50 . Scanner1 14.8V*mm 149 V¥mm 14.7 V¥mm

ulsesatl1Hz “% @« =2 o0 = #0 = . . \
ﬂS p Horizantal (mm) Scanner2 11.8V*mm 10.5V*mm 10.2 V*mm
Scanner3 11.6 V¥mm 10.1 V¥mm 10.7 V¥*mm

Beam loss after first wire scanner - need focusing
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Project X|nitial RFQ Beam Diagnostics

he

The HINS linac was equipped with a reconfigurable, movable diagnostics
station at the end of the linac _ RFOQ
Beam Dump Wire Scanners BPMs _Toroid

.
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PrQJ.eiGt?ﬁqFQ Energy Measurement by TOF-.|'.’:=

Preview

Tek

13 Jan 10 15:46:33

- B00psht 9.42ps -

. M20ps 12568k
AT LY

PR LY

Signals from toroid and two
| ; 1 BPM buttons, all downstream of
1] the RFQ

Upper display: 2 usec/div
Lower display: 20 nsec/div

S~ : -

2+l

Lower display shows the 44 ns
delay expected for transit of
A , 2.5 MeV beam between the
| 1 f 1 BPM two buttons separated by
0.96 meters

it

il

| Lol pareliy AT il | PHIK e T Y T

Beam current is about 3 mA

Zoom1 ChZ —
100mY 20.0ns

Zoom 1
100rmY

Ch3 —
20.0ns

Zoom 1 Chd —

S0.0mY  200ns
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Project X RFQ Stability #

RFQ Output vs RFQ Power
T T T

T T T
X BPM 325 MHz Cormponent

% X e Phase variation from

@]
xo |

r| © RFQ Output Toroid S
O ><
5 o . .
| time-of-flight
3 . | I
E o) o _ rmasemomor i gnais
S 06 o
2 06r X E
- o n
S
& 0P -
5
g o ©
o
02k X
O
X
0 | L L | L | L L
0 50 100 150 200 250 300 350 400 &

RFQ Power (KW)

Relative RFQ output
beam vs. RF Power

~ 8 keV

I and Q (volts)

. . L L . . L
10 15 20 25 30 35 40 45
Time (usec)
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Profg&iteration of RFQ Beam Measurements #

* Initial measurements suffered from RFQ water leak problems
— RFQ limited to 50 usec pulses
— RFQ has been repaired and reinstalled at the Meson test facility

* Initial RFQ measurements suffered many issues
— No transverse focusing = Quadrupoles added
— No longitudinal measurements = FFC and BSM
— No transverse emittance measurements = Quad-Wire, Slit-Wire
— Energy measurement was not precise = Spectrometer magnet
— RFQ efficiency not accurately measured = Toroid at RFQ output

* New diagnostics line has been install
— Reconfigurable, movable
— Space available for R&D projects
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Proiect X Advanced HINS Diagnostics Line #

T: Toroid

GV: Gate Value
: Quadrupole
BPM: Beam Position Monitor
WS: Wire Scanner
S: Horz and Vert Slits
BSM: Bunch Shape Monitor (Longitudinal)
FFC: Fast Faraday Cup
FD: Faraday Cup/Dump
SM: Spectrometer Magnet

G
\'

T

RFQ | &

Q

B
P

o |

B
S
M

w
S

S
F
F
C

=0l

=W

RFQ Beam
Diagnostics
April 2011

N
F
D

STV
n S|
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Source - I .
/LEBT

RFQ

2.5 MeV
Diagnostics
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Prolect X NS MEBT Beam Dlagnostlcs #
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Project X 1t Emittance from Quad Scans JE

Haorizontal Quad scan and fit

\
= I [
File Edit Tasks Tools Custom Help
q
=tk s 0.005 ,
v|scan WS1 v scan WS2 scan WS3 start scan abort scan Configure scan Save & View results Slice Yalues PotLoc Quit
Pot Pos: Shots/step: Vertical Center: Select Slice:
[Start Pos: # time slices: Horzontal Center:
Step Size: Slice width: Diagonal Center: 12.0 -
1 of Steps: Avg time: No. of Samples:
Wire Scanner 1 | Wire Scanner 2 | Wire Scanner 3
i Vertical zii| WVertical, Resulifvolts within Slice) Single Vert Slice  (mm)
| | | | '
0.005- 154 { i i 1.5
o : : : 1
0 | | | '
‘ 057 : : : e
| | I |
- I I i
T T T T T T T T T T T T T T 04
0 200 400 600 g00 1000 105 11 11.5 12 125 13 135 14 145 “"] él] 2‘[' l‘l] I!I llﬂ
usec shice amp: 1.842 rms:3.7376 it -1.5196
% Horizontal #%| Horizontal, Resuli(volts within Slice) Single Horz Slice  (mmj 0.001 | | |
L T e e e e T O N R I I | 8 9 ID 11 12
S T O R 2
15_:::1:11::11:1:::1:1:157 LAV |
0,015 R e |
T T I T I R I Y I T 14
T U R A R T A R I T U ST ST
[ | . . . _ "
0.01- ‘ U_: 0 O O O O 0 O O | 0.5 the Equatlﬂn |S. SIgma—.DSdSQ.- 01034k + 502791 E-‘lk 2 ]
w " " w w AR AN A At Al I B setting the derivative to zero gives kO=10.283. Mote this is the gradient at
1] 200 400 600 800 1000 1] 2 4 6 8 10 12 14 16 18 l‘[l [II 1‘[I 2'“ 3‘|] 4'“ .
A - MIANmMuUm
usec slice amp: 2.2554 rms:  3.2021 it 0.3383
| Diagonal #%| Diagonal, Result(Volts within Slice) Single Diag Slice  (mm)
I I T . .
I | | Unnormalized emittance
ol e e oefe o[ |
I 78 A A S S S [
o4 I Il
L B S R R R RS
O ]| e
_0.0054 I I I 1 ol
I I ! I ! B B B e -
0 200 400 600 8OO 1000 0 2 4 6 8 10 12 14 16 18 T 0 0 0 o 10 o . . [} 100 useC pu Ses
usec slice amp: 2.3535 rms:  3.1335 ot -1.323
H: 1.49 pi mm-mrad
. .
V: 1.88 pi mm-mrad
: 1.88 pi -mra
-0
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Project X Emittance along 500 psec Pulse —
Quad Scan

Long Pulse Un-normalized Emittances

he

2.4 ! | | | |
-»--Horz

~—— 22 B -@--vert K
ke

o

-

r2r .
£ ,.-6"’@

; o
a 1.8+ #6..-*' i
— Q ___,..-@""'

8 \\ G.—-"‘"’e

= 1 6 B - - I
2 © . X

E —-ni'
1.4k X __ye=m=X .
D Y *___*—-"’X'—
= Ny
X 12t .
1 | | | | |
0 100 200 300 400 500 600
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Proiect X ppase Space Plots: 9 mA RFQ

—r>—Z0N—"X0I

X-prime (mrad)

Horz Phase Space; 9 mA

B =

Y-prime (mrad)

Vert Phase Space; 9 mA

-10 5 0 5 10 -15 -10 5 y 0 5 10 15
X (mm) (mm)
Horz Phase Space; 9 mA Vert Phase Space; 9 mA
15F T = 15ET T T T
101 i 10+
T b5 i 5 5
S &
E £
o Of 8 w OF
£ £
a 5
s o1 ] > -5¢
1o+ A -10+
—15- 1 1 1 1 I —15-, 1 1 1 1 | |
10 -3 0 5 10 -15 10 5 0 5 10 15
X (mm) Y (mm)
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Profect X Hor. Phase Space along Pulse #

10 usec 20 usec 30 usec 40 usec

50 0 20 220 0 20 220 0 20 -20 0 20

S50 usec B0 usec TOusec 80 usec 90 usec

220 0 20 -20 0 20 -20 0 20

« X — X along beam pulse; arbitrary units
* 6 MAbeam
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Proiect X odd Transverse Shape Effects #

Vertical Horizontal

Front
| |of pulse

Halo?

Back
of pulse

Main beam

Horz ++
Slit
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Project X Hor. Shape at Minimum Focus at s
Wirescanner M

Beginning of 100 usec pulse Middle of 100 usec pulse
3627 4 T T T T T T 4.458. 5 T T T T T T T
3 4 -

ir -

w8 B wwll

far e by 2+ -]

g3Hr) gll{)

=0
1 -

e e e e e e » /\ 7\ T e e e ST I] | A ALY J ___- P
- ﬁ.ssmu‘{ 1 | | | | | | 93807, -1k L L (Y I f L l
- 3 = = 2 3 3 3
ﬁ : B

Background? Background?
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Proiect Xongitudinal Bunch Shape Monitor #

Beam Pipe
I Bunch Length Monitor

Electron RF Deflector
Frequency = h x f,

FWHM: (prelim)
~ 40°@325 MHz

ST ~ 340 ps
/ AN RF Field
Electron /// \\\ EMT Signal Over Phase
\
N - :
\ /" Pass at 2N

\ /  zero-phase / \
/ // . \

Translate time coordinate into space coordinate using M \w"
RF deflector cavity

» like a streak camera

Systematics need to be understood for H- at low energy

Voltage (V)

-60 -40 -20 5 ]
MHz
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oject Longitudinal Bunch Shape —
Fast Faraday Cup (SNS)

he

8 x10° FFC, 6 mA, 325 KW, 20 Gs/s

T 1 " L ~ 12 GHz bandwidth

i 7 « Some limitations by signal cable
4+ -«/, ) 2

3r 4

g { el ‘ u‘ "‘11\ Ly

1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16
Time (hsec)
%107 FFC, 6 mA, 325 KW, 20 Gs/s
T T T T T T

Preliminary

| 1 1 1 1 1
0 05 1 15 2 25
Time (nsec)
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Project X Longitudinal Shape VS RFQ Power #

Feed fast Faraday Cup into high
bandwidth scope (6 GHz ABW)
to measure bunch shape.

¥ 107" Fast Faraday Cup Sigma VS RFQ Power
T T T T T

45+
— 4
Q
1))
W 35F
g
IS 3t X %
0 X
1 25
£ X
o
= 2 -
z
het X
G 15-
=
a 4l

0.5

| | | | | |
800 220 240 260 280 300 320

RFQ Power (KW)
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ProjectX  B.nch Shape Along Pulse #

10K Bunches, 300 KW RFQ

Fit individual bunches along pulse
RFQ at 300 KW

Histogram - ~ 0.28 ns sigma
- 33 deg @ 325 MHz

Need to deconvolve cable

FFC Voltage (mV)
[ ] [ [

0 5 10 15 20 25 30
Time (usec) 300 KW, Fitted Sigmas, 10K Bunches

<107 FFC. RFQ Power at 300 KW /

551

a5 0.2 0.25 0.3 .0.35 04 0.45 05 0.55
<10° Sigma (ns)
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Progg&bth Diagnostic Projects for Project X#

integrating

sphere {D
power monitor
Transverse Diagnostics /%

— Laser Transverse Profile Monitor*
— lonization Profile Monitors _\

— Electron Wire Transverse Profile
Monitor — with SNS

Longitudinal Diagnostics
_ Wire Longitudinal Profile Monitort o seeeefeeeeefeesssee g

— Laser Longitudinal Profile ——— . T -
Monitor* - with LBNL modulator -
— Broadband Faraday-cup — with
SNS*
Halo Monitoring — transverse and
longitudinal 7T

— Vibrating wire* - from Bergoz control, analysis
Instrumentation

B ok g . Electron
Laser wire* - with LBNL Laser Wire Detector

MEBT Emittance station Emittance Station Dump
— Slit-collector*
— Laser Slit*

* Project X related instrumentation to be
tested at HINS

preamp

control

Y
a

Laser Spectrometer
Wire Magnet H® Profile
Monitor Monitor
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frafeet & BPM Technology #

BPM Pickup control
feedback bus system
A (if appllcable) position (LAN)
R data
° . ; ':?;r:glg Digital Signal Data
>§}Z ; Con i Processing Acquisition
° BPM pICkUp Power Trigger,
- - , Supply & Timing & RF
— RF device, EM field detection, uPPYy Dt

Misc. Control
center of charge

. timing,
— Symmetrically arranged electrodes, RF & GLK
or resonant structure

signals
* Read-out electronics
— Analog signal conditioning — Data acquisition and control

— Signal sampling (ADC) system interface
— Digital signal processing — Trigger, CLK & timing signals
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Project X Read-out Electronics #

—-———3 A-Electrode Analog Conditioning

LPF

N

V

=

B _\A — —
i E2 D3 R
R

Typical BPM read-out scheme

Separate analog signal
processing for the channels

Analog down-converter if
undersampling is not applicable.

D '"; B, C, D Analog same as A °
raw
M
E
CLK & M WB | ™
Timing (0]
N | R
® CIC ~ FIR Y
A @ [-Channel
a D
C - NCO
® > Q-Channel sameas | ——

uonewuJojsuedj
9}euipJoo)

A Data
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Proiectdpm Read-out Hardware: Analog #

Directional
LNA
Coupler BPF NA
714MHz IE E%
BW: 800 MHz CF: 714MHz G:15dB
BW: 10MHz NF: 1dB G:14/-2dB
Cal Tone 0- 28dB NF: 1dB
Signal 4 dB steps
1.6 dB loss
ATF_KEK Downconverter dynamic range test
— High gain Low gain
20 €
10 £
0 ; /// /
10 £ =
20 4 E s
30+ = /
_ o N /
40 £ /
50 £ = -
o] /
-60 + - /
70 | <
= o /
8+ 3
90+ ° 7 7
_ g / /
100 4
-110 ; Input 71 M"Z[ b ]
-120 +

-1461360126116100-90-80-70-60-50-40-30-20-10 0 10

SSB Mixer

729.145 MHz

-1
15.145 MHz

CF:15.1MHz  G:18dB  BW:40 MHz
BW: 4MHz
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Proiect §pm Read-out Hardware: Digital

he

BLOCK DIAGRAM Generic Digitizer VME bus
O—GATE > | VME |
_ O TRIGGER > Drivers
Externa.l_”g O TCLK >
Control @ SYNCIN R 4x32M
B : g DDR2
O«—SYNC OUT <~ SDRAM
: AC passive
> O—>— A —> FPGA
5 " O— >—> Altera —
O_’D—’ 8 Cyclone IlI JTAG
v {} ﬁ
8 Analog Inputs £
4 Channels per Chip: O—r>— — (= EPCS4
: O— > A Interface
D
125 MSPS, 500 MHz BW O—>— ¢
4-ch serial ADC chips O—>— [ K= Oscillator
8-ch, AC passive (or DC active) @ il
S _ CLK IN
PLL/VCO CLK distribution Oo— _ .
Clock Driver (PLL & DIV) K== Oscillator
SNR > 72 dB (@50 MHz) o
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ProlectX | inac BPM Electronics #

Base band is set to 22.5° per ADC sample at 50.31Msps

Mini-Circuits uadrature o P
ROS-1640-219 AD9518 Docavnconverters Mini-Circuits Directional
811.24875 RBP-400 Coupler
1610 -1640 Mhz LO « Band |, [3dB N QO
MHz VCO PFD »AD8348 Balun [« N <«Couple
< Pass| |Pad
1622.4975MH L I 292-430
' 4 » Osc i MHz I
Micrel Micrel > T
SY89872 SY89474
FP ~~—_ »AD8348 r« Couplerf Splittey
804.96 ()] + 8 »| Ref 101.406 MHz 5 5
MHz Coupler
100.62 MHz s Micrel
LVDS 2:2 ' SY89872
Ref! Mux/Fanout 5
gel | Mux/Fanou
A
\ 4 A\ 4
LVDS bus_.| R . v
100.62 MHZ " Re
l— ADF4001 g AD4360 402.48 MHz
Synthesizef CAL Tone
100.622 oED FGPA
*{MHz VXO
I
» Osc
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T
L.

#

Ethernet
JSB

arial Bus

Linac
nconverter
2 1T

S
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Proiect X inac BPM Read-out Electronics #

* Analog Quadrature Fully configurable within the FPGA

Downcoverter — AD8348 — Linac Clock Event
— Provide from 0-40db variable — External Trigger (TTL)
gain — Delay & Acquisition Window
* ADC-LTC2265 — Beam Search -
— 12 bits @ 805MHz/16 = 50.3MHz Implemented and working
* FPGA - Altera Cyclone Il * Provide average Position, Intensity, &
— Can provide all needed DSP Relative Phase over each beam pulse
e uController — Stelaris LM3S5B for every BPM @15Hz
_ 32 bit ARM processor, — Beam pulse varies from

operating at 80MHz few psec up to ~40usec

e Ethernet — Wiznet W5300 * Provide “waveform” data for select

— 16 bit providing ~4MB/s BW BPMs @15Hz

. — Can select minimum of 1 BPM per crate
* Custom LVDS Serial Data Bus Average & decimate data rate i
— 25MHz providing J

. S data transrer + I frequency out of the Quad DC

— Can be sped up if needed (remove distortions)
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Project X Timing Notes

* All signals locked to Ref = 805Mhz
* ADC Clock = Ref/16

* |F =ADC Clock/16 = Ref/256
— Pi/8 phase advance per adc sample
* Eff LO=Ref/l2+IF

* LOto Quad DC =2*Eff LO
— Generates I,Q on successive edges of LO input
* Cal = Ref/2

he
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Proiect X prototypes: Position Resolution

he

Position Resolution - 100k Pulses

0.12 T
—&— Raw (B2um)

—G— SVD-1 (41um)
—&— SVD-2 (26um)
01H —&—svD-3 Fum) b 0.05F
—&— SVD-4 (2um)

Singular Values

0.06

Positions RMS (mm)
Positions RMS (mm)

0.02 0.01r

1 2 3 4 5 B

BPM (1:3V,4:6H)

* SVD with only 6 position measurements (3H,3V)
— ldeally expect up to 3 modes to correlate with initial trajectory & energy
— With only 6 pickups, real noise sneaks into modes

* Conservative estimate resolution < 40um
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Project X Prototypes: Phase Resolution #

Phase Resolution - 100k Pulses

0.35 T

Singular Values
0.25 T T T

—&— Raw (0.24deq)

—&— SVD-1 {0.09deg)
03k —&— SVD-2 (0.01deg) H
N N 02
= s
o 025 o
= o
< <
@ , LRI
o =)}
[ [0
12} o
S g
0 0.15 )
= = 0.1
o o
© ©
L 01 o
P P
y 005+
o Sy o
005} gy
A oo e : ; : ;
0.5 1 15 25 3 35 1 15 2 25 3

BPM
* Measured on 2"d Harmonic at 402Mhz

* Expect correlations from Beam & LO
— SVD suffers from only 3 pickups...

* Estimate resolution < 0.1 degree at 402MHz
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IProject X PXIE Test Facility 4

:  RFQ i MEBT i HWR @: SSR1 ¢
iy A | * Lo
1300 -0 g} - - 1Rl T el 1y Bl | e P e F s s B | EEERSESRSRENE RS o RS SRS | Rl o R Rt . TN 1118
iy
o
LBNL FNAL, SLAC™ ANL FNAL

Dump

* CW H-source delivering 5 mA at 30 keV
* LEBT with beam pre-chopping

* MEBT with integrated broadband chopper and beam absorbers,
capable to generate arbitrary bunch patters at 162.5 MHz, while
disposing 4 mA average beam current

* Low beta SRF cryomodules capable of accelerating 1 mA to 15 MeV

* Beam dump capable of accommodating 1 mA at 15 MeV (15 kW) for
extended operation periods.

* Associated beam diagnostics, utilities and shielding.
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CralectX PXIE at CMTF =

Cleanroom Electronics Racks
Layout is iterative process T /n ™ 4 (mezzanine area)
Identify: /: T ML 1
+ Sizes of components/caveg tHE= L. B E RF Power
» Special requirements ] :
« Safety considerations

« Life and Rad 41 - e
. /[~

«  Optimize placement - Cryoplants

+ Cable length g . i A=

- Easeofaccess [ 1 P H i B GE| i

« Distance to cryo E — . — s

_ AP A A

*  Min. penetrations | JL/.,;*.E,‘,. %ﬁTL\—lu = '\!_g_ } L i P

» lterate as required D s : S~ n | AT \
iil
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ProfectX  pXIE lon Source & LEBT -

* Provides 30-keV beam transport
from the lon Source to the RFQ

— chopper
— diagnostics
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Profect X pxIE CW 162.5 MHz RFQ

he

lon type: H-
Beam current: 5 mA (nominal); 1 —10 mA

Transverse emittance (norm, rms): < 0.25 mm-mrad
Longitudinal emittance (rms): 0.8 — 1.0 keV-nsec
Input energy: 30 keV

N2 =
W
il
41| ‘

o~

gl - Output energy (kinetic): 2.1 MeV
g 'I— Duty factor: 100% (CW)
Frequency: 162.5 MHz

Length: ~4.4 m
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Project X px|E MEBT Beam Diagnostics

T
L.

Slow
valve,
toroi

Scrapers
RF

Emittance
monitor,
laser wire,
scraper,
wire

Kicker

RF, wire

scanner,

Fast
Faraday
Cup

Kicker

Absorber

Different.
pumping,

scrapers,
wire

Scrapers,
RF, slow
valve,
extinction
monitor

Fast valve,

DCCT,
toroid,

laser wire,

wire

Slow
valve

* BPMs in each triplet or doublet (3D positions)
— Draft of specifications
* A set of beam diagnostics to characterize the RFQ beam

— Toroid, emittance monitor, laser wire(s), wire scanner, fast F-cup
— Scarpers a halo diagnostics

* A set of diagnhostics to characterize the beam towards the HWR
— Toroid, DCCT(?), laser wire(s), wire scanner, extinction monitor
— Scrapers as halo diagnostics
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Proect X | aser Wire for H- Beams #

Galvanometer
4

Laser Beam
Laser beam

w10 H- Photoneutralization Cross Section
T T T T T

45

* H-neutralization by photo-detachment ‘|

— Cross-section 0,,,, = 4.2x10-1’cm? A
— Electron binding E, = 0.7543 eV 25

* Typical HINS / PX MEBT parameters

— Epeam = 2.5 MeV, Nd:YAG laser 1064 nm, |
90° angle, -> 0= 3.66x101" cm? ;

— Requires laser energy ~ 10-30 mJ 055 1 15 3 25 5 35 4 45 s

Photon Energy in CM frame [eV]

Cross section [cm?]
[

Eg/Z(E _ E0)3/2
E3

O_(E) = 8Gmax
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Project X | aser Wire (400 MeV H) #

BPM

double dipole

Laser Profile Monitor details
— Q-switch laser

— Laser energy: 50 mJoule

— Wavelength: 1064 nm

— Pulse length: 9 nsec

— Fast rotating mirrors (x4°/ 100 psec)
— e detector: scintillator & PMT
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Profect X | aser Wire: First Results #

PMT Sigma(mm} standard deviation E scan data m J

Profile created from
10 Laser pulses at
each of 80 mirror
positions across the
beam.

System acquires data

Profile created by
integrating the
area of the raw

pulse area (volt-seconds)
g 0 0

at 15Hz, Linac Cycle PMT Signal
rate.
s 7 &6 &5 4 3 2 -1 0 1 2 3 4 5 & 7 8
laser position {millimeters)
Integrals  Raw |
Optics Phata Diods oo O | pwr poto 9 |

Timing stability of

he Jholo tiode Each PMT trace is

Amplitude

e signal in launch box. the average of 10

samples at a single
mirror position.

] ] ] ] | 1 1 ] | 1 | 1 ] 1 | ] ] 1 ] | | 1 ] | | | 1 ] 1 |
20 40 &0 80 100 120 140 160 180 200 220 240 260 280 300 20 40 &0 80 100 120 140 160 180 200 220 240 260 280 300
Samples Samples
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Project X E|ectron-Beam Scanner -'"'-1'_.

* Non-intrusive profile measurement of high intensity p-beams
— SNS/Fermilab R&D collaboration for Project X, beams in Ml
— Evaluate measurement techniques for available electron gun
— Setup simulation

* Look at the deflected projection of a tilted sheet of electrons
due to the proton beam charge
— Neglect magnetic field (small displacement of projection)
— Assume path of electrons is straight (they are almost straight)
— Assume net electron energy change is zero (if symmetric)
— Proton bunch length >> electron scan

da (X) J‘ e Ax, y)

I.e. take the derivative to get the profile

->

—
R -
P e —— %
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Prole¢t 8 cam Scanner Test Setup at NWA

he

Actuators

Electron Gun
EGH-6210

Gun

e
Solenoid {

Gun Parameters
Energy: 1 - 60 keV
Current: 10 uA -6 mA
Spot size: 50 um — 10 mm
Gateable: 2 us — DC; 5 kHz max rate

Firewire Faraday Cup / Dump

Cameras
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Project X

Thank You!

he
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Project X

OTR with Protons

Protons
-

Normal Incidence

Far-field imaging

OTR
RADIATION
PATTERNS

BEAM
DISTRIBUTION

OTR FOIL
(OBJECT PLANE)

Obligue Incidence

Near-field imaging

>

P, PATTERN

OTR

OTR
PATTERN
IMAGED

&

ISTRIBUTION
IMAGED \@

Y {mm)

MuM| Beam Intensity 2.4e13

-10 0
X (mm})

10000

5000}

Horz centroid = -0.33878 mm
Horz ¢ = 1.098 mm

10000
8000
6000
4000
2000

10 0 10
A projection (mm)

WVert centroid = -1.8811 mm

WVert ¢ = 1,0681 mm
f
iy
] %
-10 0 10

Y projection {mm)

T
L.

Nul| Beam Intensity 4.1e13

-10 0 10
X (mmm)
Horz centroid = -0.018797 mm
15000} Horz & = 1.285 mm
10000 i
[
5000 Py ]
i 4
-10 0 10
X prajection (mm)
Vert centroid = -2.0276 mm
Verto = 1.2894_ mm
10000} it
;
5000 i
{4
f !
-10 0 10

Y projection {mm)
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Project X SEM Mulitwire

he
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Project Xonization Profile Monitor (IPM) #

Clearing Field
Anode

-10k . J——

Secondary Electron
Suppression Screen

* Based on the ionization
of the residual gas

— p or pbar collisions

Field Shaping

Electrodes
— Gas molecule ->ion + e
* Collect either
— lons
» Subject to space charge
— or Electrons ) 80;;2: o0 T T T Microchannel Plate
. o osooy o L o e o o ] |
» Needs magnetic a guide J7 Anode Strips
field, such that the

) . . ] Mark Il Electron Profile Monitor
spin diameter < detector strip width

* Used for turn-by-turn measurements
— Booster: 2.25-1.5 psec
— MI: 11.1 psec
— TeV: 21 psec (also single bunch)
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Project X

* Commercial UHV RF button
feedthroughs, made to specs
— RF properties
(numerical simulation)
— Environmental requirements

e Compact construction
* Installation, tolerances, cabling
* Other button load impedance,

“ than Ry =50 Q 7%
. (:0)

| Zputton(®) = ¢ Rg

_ 1
“1 RO Cbutton
¢ _ Tputton
4 Rpipe

Button BPM

1 (w1/w5)
wy) 1+ (w/wq)?
0o = VUbeam

? 2 Tbutton

1p

_____'

0.8 P il
E’ 0.6
]
= 0.4 /

02 /

0 S 10 110% 1.5 10° 2 10°
frequency[Hz ]
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ProigsbX1 Electronics Scheme (ATF DR)

Down Mix A

0> »

Down Mix D

1714

15.1f

il

T
L.
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Proiect X aAutomatic Gain Correction #

CALtrans | Down MixB * Use calibration tone(s)
e
— ALAAYI— _ 714+€ MHz, 714-& MHz
— Reflected and/or thru BPM
CAL"EfI"‘ Down Mix A calibration signal
— [8PFH{ >0 > LPF = — Inside analog pass-band
— Separate DDC in NB mode
CALtrans | Down MixD — Error & correction signals:
—
() LPF e
Ve A AcaL + Bear t Cear + Deal
d Err — 4 X
CALreflt " CAL
) Pown Mix € Xcorr = Xraw XErr X:A4,B,C,D
A
* Advice:
— Two calibration tones is not
a good idea!
714-¢ | 714+¢ (use “ping-pong” calibration
1?29 workaround)
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