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Booster NSLSS-II projected parameters

Perimeter

Injection energy

Extraction energy

Repetition rate

HF

Horizontal emittance (3 GeV)
Extraction pulses jitter
Beam charge

Linac - main ring charge efficiency
Annual operation time
Unplanned shutdown time

RUPAC 2012, 28 September

158,4 m
200 MeV

3 000 MeV
1Hz
499,68 MHz
<40 nm-rad
<0,1%

10 nC
>70 %

6 000 h
<0,1 %
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% Beam diagnostic systems BROOKHRUEN

OF NUCLEAR PHYSICS
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& Beam position monitors
2N BPM housings and supports (BINP)

OF NUCLEAR PHYSICS

NATIONAL LABORATORY

Type 1 (arcs): 28+1 pcs Type 2 (sgptions): 8 pcs

A

4

131

3

19904401

Maprupofen

'QQTA

All 37 BPM housings have been manufactured
and most of them are installed
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% Beam position monitors BROOKHAVEN
A Button electrodes (MPF products Inc.)

159 buttons have been manufactured.

A quality problem was faced when assembling the 15t BPM:
the design dimensional tolerances of 0.005” (0.127 mm)
were not fulfilled.

For all buttons, the button-flange angular misalignment and
button-flange non-axiality have been measured using Zeiss machine.

12
h Button-flange angular Button-flange non-axiality

misalignment 10
10 1 g

12

o ] £ o
||

0.06 ———

0.08

0.1

5 defective buttons have been replaced by MPF according to manufacturer's warranty.
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BUDKER
INSTITUTE
OF NUCLEAR PHYSICS

All BPM assemblies
have been measured
using a test bench.

A 3r—order polynomial

linearization is imple-

mented. Using the data

measured, a table of
coefficients has been

Beam position monitors
Bench measurements (BINP)

CMEMPCKOE OTIENEHVE PAH THE BUDKER INSTITUTE OF
VHCTUTYT ALEPHON SM3MKK ‘ - NUCLEAR PHYSICS SB RAS
ww. T Eymwepa 630080 Novosiirsk,
630000 HopoouBupes. POCCHR \ﬂ RUSSIA
| v ‘ SwaraL |
47 (383) 329-47-60 +7 {383) 330-71-63

INSPECTION REPORT

NSLS-Il Booster
BPM Assembly BR-ATPKU2

201

calculated for each BPM.

The measurement results

are summarized in the

inspection reports.

CHEWPCKOE OT/IENEHME PAH THE BUDKER INSTITUTE OF
WHCTUTYT AOEPHOR $U3NKK NUCLEAR PHYSICS SB RAS
63000

. T Eynrepa osbirsk,
630090 Hosocubmpex. POCCUA RUSSIA
0k 2
3294760 +7{383) 330-T4-63

INSPECTION REPORT
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201

4. ELECTRIC MEASUREMENTS

The button capacitances have been measured by 3 LCR Meter MT4020 {Motech
Industries, Inc.) at 10 kHz, certified accuracy is 2%. The measured data are given blow:

Pickup-slecirode | Part number | Capaciance, g
A 0017 555
g 00z3 240
c 0022 855
D 0018 830

The coordinate grid of BPM has been measured using a movable RF antenna with a
3 Mtz sme signal. The signals induced to the buttons are measured. The horizontal X
and vertical T coordinates are calculated using the formulae:

F-Fu-FsF, P+,
Nak 48 7 0 FmE -2 1
A A ub

where ¥,7,.F.¥, are the ampitudes of voltage induced to the butions A, B, C. D,
respectively: K, E,, are the initial seale factors, calculated on the base of first derivative

at the BPM center. The measurement results are given in Fig. 1. the antenna positions are
shown by crosses connected by the motion path, the measured vakues — by cirdles.

B
-
Fig. 1. Measured data without Ensarization.
[ Producer BIP B BE-AIPEUL |
[Customer: BT [ |
Pam§ofl

4. ELECTRIC MEASUREMENTS

The bution capacitances have been measured by a LCR Meter MT4000 (Motech
Industries, Inc.} at 10} kHz, certifed accuracy is 2% The measured data are given biow:

Pickup-slecirode | Part number | Capaciance, pr
A 245 8.23
B 237 8.37
c 47 518
o 208 788

The coordinate grid of BPM has been measured using @ movable RF antenna with 3
3 MHz sine signal. The signals induced to the buttons are measured. The horizontal X'
and vertical T coordinates are calculated using the formulae:

A
T, AT

o
x-E, T T, =TT,

T-K,

T..F, are the amplitudes of voltage induced to the buttons A, B. C. D.

respectively, K, K,, are the initial scale factors, calculated on the base of first derivative

at the BPM center. The measurement results are given in Fig. 1. the antenna positions are
shown by crosses connected by the motion path, the measured uakues — by circles

RUPAC 2012, 28 September
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Fig 1. Measured data wihout Enearization
[Producer B [zom ‘BR-XSPEUL |
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NATIONAL LABORATORY

An eror of beam position calcuated using the linear formulae (1) can exceed 1 mm
inside the circle of 8.5 mm radius. To decrease this emor, a 3" order polynomial
linearization is implemented; X and T are calculated as:

X-3C 0 -3 Co¥, @
where x and y are the coarse values of coondinates calculated using the formulas:
A A i, Lt Bl -

TV AT, 4V 4T, B AT AT
The polynomial terms with ¥ give the shift of BPM electrical zero. Comected scale
factors K. K, and potynomial coefficients C,,.C;, are ealculated from the data shown in
Fig. 1, for a cirde of 8.5 mm radius (opimization region), inside which the accurste
measurements of beam position are required.
The result of linearization is presented in Fig. 2, the antenna positions are shown by
crosses, the measured values — by circles.

Hp %
xoi e w
EL I
FRC )

ol

H [ L)

-

Yem
Fig. 2. Measured data with linearization.

[Prodwcer BDG® [zem BR-AIPEUL |
[Customer: BN [t |

Pam 788

An ermor of beam position caleulated using the linear formulag (1) can exceed 1 mm
inside the circie of 8.5 mm radius. To decrease this emor. @ 3™-order potynomial
linearization is implemented; ¥ and T are calculated as:

I-FC,x r-ye, @

where T and y are the coarse values of coordinates calculated using the formulae:
B, F.+F, ¥ +Fy=F,F,
= V- K 3]
Ty Tt I=by F, T, e
The poynomial terms with £ give the shift of BPM electrical zero. Comected scale
factors XK, and polynomial coefficents C,,.C,, are caleutated from the data shown in

xak,

Fig.1, for a circie of 85 mm radius (opbmizaton region), inside which the accurate
measurements of beam position are required.

The result of linearization is presented in Fig. 2, the antenna positions are shown by
erosses, the measured values — by circles.
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Fig. 2. Measured data with linearization.
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Beam position monitors BROOKHAVEN
Cabling (BNL)

&

OF NUCLEAR PHYSICS

dB

=y
o

LMR400 (9 dB/100 m @ 500 MHz)
LMR240 (18 dB/100 m @ 500 MHz)

O = N W & O O =~ O O
1
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% Beam position monitors BROOKHAVEN
B PTC module (BNL)

All PTC modules with support plates for booster have been manufactured.

Afrom PU | swa

Bfrom PU | sma
K = o T AW ChomPU [ | el
Dfiom PU (s | Bio BPM
!/’: Sm SMA | Cto BPM

) i Coupler

Pilot Tone ( DO,

Input . & |

&

&

|

i
.
4-way Splitter
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% Beam position monitors 'BROGKHRVEN
s N\ BPM receivers (BNL)

OF NUCLEAR PHYSICS

Successful Beam Test has been performed
at ALS (Berkeley lab).

Turn-by-turn resolution: 0,=1.66pym, 0,=1.71um

Horizontal Orbit Data (RMS=1.658 pm)
T T T T T

0712
’g -0.714 ¢
E -0.716
E o718
=
5 g7 . .
ol ] Single-bunch signal
1 1 1 1 1 1 1 1 1 1
200 400 600 800 1000 1200 1400 1600 1800 2000
Turns [~656 ns / turn] ADC Data
Vertical Orbit Data (RMS=1.706 pm) 10000 F 4
037 r 1 8000 y
: 6000 | ‘ ‘ ]
E
£ 4000} H| r | i
b= .‘
w
0.365 - . E 2000¢ || ' r )' f| i
] ] ] ] 1 1 1 1 1 1 (6] | |' i Ii 1 | p L] i r. "
200 400 600 800 1000 1200 1400 1600 1800 2000 o ] '{*Jﬂ/-\ﬁ_\: | Muy‘\}"?#c‘“’\“%"“ﬁ
Turns [~656 ns / tum] = i 'V ',‘| | \‘f ;
2000 - I v -
4000 [ J || J _
-6000 - | | .
-8000 - -

1 1 1 1 1 1
0 20 40 60 80 100 120 140 160
Sample Mumber [~8.526 nsec/sample]
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& Beam position monitors 'BROOKHAVEN
s N\ Testing and installation (BNL)

OF NUCLEAR PHYSICS

Flle Edt View Setup Lkiitiss Applications Help |Triggered | 1
%l %l Fe |*|31-|:| C?l Run/Stop | Acq Made IAverage j Trigl Intemal Clock j |2DUkHz j A
[Puise =] [anpivce 1) nnnonl cn ] aa ] o 0] ] 5[ o

R1 200 Ornpf
R2 200.0mpf
R3 2000 pf

I R4 200.0m pft

-327 594

Ire A||zuu.t|mpa B |u.Up B IMain Q| Q| |zuu.UUUps B [ B El°c| 12:22 PM 3/8/2012
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% Beam position monitors BROOKHAVEN
s N\ Software (BNL)

OF NUCLEAR PHYSICS

| LTB BPM S
Mame Current Position-X  GoldenTraj  Difference Mame  Position¥  GoldenTraj Difference

{LTB_P1} 0.002052 m4  0.000 um || 0.000 um 0 {LTB_P1} 0.000um || 0.000 0
{LTB_P2} |0.010098 m/ 2,223.415 ur | 0.000 um 2,223 {LTB_P2} 612,244 um|| 0.000 612
{LTB_P3} |-0.000535 r{ |8,060.281 ur | 0.000 um 8,060 {LTB_P3}|8,061.257 ur | 0.000 8,061

REIERE Disconnectel Disconnectel] Disconnectefj Disconnecte

REEIEEE Disconnectel Disconnectel Disconnecte
RN Disconnectell Disconnectel] Disconnecteff Disconnecte MEEIEEYE Disconnectel Disconnectel| Disconnecte

MREEREAS Disconnectel] Disconnectel] Disconnectel] Disconnecte

MNEREAE Disconnecte] Disconnectel] Disconnecte

® | LTD1 | | | |

Trajectory Correction |
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v DC current transformer BROOKHAVEN
o\ Bergoz NPCT-CF4.5"-60.4-120-UHV-

L S ey ; —
| | P e WM S

OF NUCLEAR PHYSICS

Measured sensitivity:
10.05V /20 mA DC, no zero offset correction

=
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% DC current transformer 'BROGKHRVEN
AN Bergoz NPCT-CF4.5"-60.4-120-UHV-H

Measured bandwidth (-3 dB):
range 200 mA - 13.5 kHz

Bandwidth has been measured using Agilent 4395

RUPAC 2012, 28 September Booster NSLS Il beam diagnostics 12



N Fast current transformer BROOKHRVEN
auorer N\ Bergoz FCT-WB-CF6"'-60.4-40-20:1-UHV-H

UTE
OF NUCLEAR PHYSICS

Fast current transformer (FCT) model FCT-CF67-60.4-UHV-20:1-H serial number 2426 was tested.
Measurements were performed using DG645 pulse generator by Stanford Research Systems,
LeCroy digital oscilloscope model 7300A and Agilent network analyzer E5071C.

Aun Scale All

Divisians

-t¥ /s
.“ d T — //
\R_—.//@
LeCray
" Pulse amplitude:

63.9mV —-41.6 mV

= ) Si ' : 34.89%
= : ignal loss: 34.89%
b 'y .
mix Measure P1rise2080(C1) P2:ise2080(C2) P37all8020(C1) P4fallB020(C2)  PSarea(Gi)  PSiarea(C2) PT--- Pa- - P u I Se d u rat|0 n . 50 S
e sl Ragil - 8 oV d 0 M value 12553 873ps 1223ns §62ps  125167E6 Vs 2.4375110 Vs . “
- i ""‘: i 3"": 1 1913 19iee ' 3"’: 1 -x::: 199103 mean 123311 ns 92522 ps 125800 ns 507.07ps 1251B3801Vs 24427779 Vs
. - 5 - v . A min 1118 ns 831 ps 1,081 ns 495ps 12501035 WVs 24311227 UVs D . 0 850/ /
o] [ g - e ) max 1328 ns 1032 ns 1385ns T40ps 125.33383pVs 24852753 Vs roop . . (1) IJ S
2960V ob 59,00 v | 100kS 10055 [Edue  Posie) sdev 34.91ps 30.89ps 4783ps 3587ps IEB0187nVs 39850214 nVs
730 593 30 503 730
v v v

Normal

480 mV/|

100

0.0ps/div]
100MS 10 GSis)Edge  Positive]

The FCT time constant measured
is0.13 ns
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Beam flags
Layout

MATIONAL

LABORATORY

6 beam flags are used to measure transverse beam profile and position in the single-pass mode.
* BR-ISVF2 beam flag is used to adjust the septum and injection kickers;

 BR-DSVF1 — to pass the A1 arc;

* BR-XSVF1 and BR-XSVF2 — A2 arc and Extraction Section;

* BR-CSVF1 — A3 arc and RF Section;
* BR-ISVF1 — close turn

BR-XSCX1 BR-XSKIK

BRXSSP1
BR-AZOF2 BRXSBUT BR-XSP1
r,‘;_jﬂ‘t_‘:;_'a\ —:-"‘"

BR-XSSP2 ‘

BR-XSVF2

|

|

i T
HH—y fgjr-"“"‘\ BRXSBUZ /7
\ BRXSPL / / i
TRASPT "
RAPT \ BRA211s
g 7 - BR-XSVF1
/ ‘
| _azoser
| ‘ BRA4SF2
E ARDSEL | BRAIIP
\ BR-A1P1 BR-A40F4 = BRA4P BRCSP2_
BR-DSVF1 _ L |
/ BRAIL, BRATPIS - BRISBU4 BRSSP \ SRR AW
B / — \ _ \ \ i \
ij BR-A‘éF l|'—/ = [ f‘g L5} i by a ﬁF
-A10F (5] s g -
BRISSP2 e s BR-|S_VF1 \ TR_M;Z&
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—
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% Beam flags [BRODKHRVEN
BN Design & Manufacturing (BINP)

* The screen is contained in a UHV-compatible body, which moves in and out as a whole.

* Crystal phosphor YAG:Ce is used.

* The CCD camera is radiation-protected
with a lead shield.

» When the beam flag is moved out, the
vacuum chamber is smooth.

* 6 beam flags have been manufactured, tested and sent to BNL.

RUPAC 2012, 28 September Booster NSLS Il beam diagnostics 15



N Beam flags EROOKHRUEN
BN Beam test (BINP)

The screen sensitivity was experimentally estimated at a BINP operating accelerator facility.
A visible image was observed for the 350-MeV electron beam of about 7-10° particles (0.1 pC).

RUPAC 2012, 28 September Booster NSLS Il beam diagnostics 16
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® tagin

Beam flags

MNATIONAL LABORATORY

Linac-LBT experience (BNL)

lag position

Contrels of pneumatics and LEDs
Retra

irtual Target LEDs [ %

contrels of camara

dB

Done _Acauire |

LTB-VF1
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YAG:Ce screen is saturated at beam intensity about 35 pC/mm?.
OTR from aluminum foil is used for quantitative measurements.
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LTB Spectrum-VF2
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FWHM 0.4977 % Charge within +/-0.5% 71.274 %

{Select Flag} VFEBD1
{Select Target} OTR
{lImage No#} 10

{Select Quads} Q1
{Energy} ,W
{Scan Steps} ,T
Scan {low} ,W Camera View
Range {hight [ 17.0000 | Abort

INFO: done/epics/data/HLA_result/2012-5

Beam parameters at Quad

{Emit_ xG}nm | 0.000E0 | +/-| 0.000E0 |{Emit_yG}nm 5934E1 |+/- 5.688E-1
{Beta X} m | 0.000E0 |+/-| 0.000E0 |{Beta_¥} m | 2523E1 |-+/-| 3.249E-1
{Aphla_x} 0.000E0 | +/-| 0.000E0 |{Aphla_¥} -2.701E0 |+/-| 3.629E-2

Average X beam size [mm]
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% SR output ports 'BROOKHRVEN
BN Layout
One SR output port is located in the 3™ arc and another is close to the DS straight section,
in a place with minimal dispersion.

—p BLOSP1
BRESVF
=l , )
|

mpscn __—p
SR

BR-BD

UHV glass
window
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SR output ports 'BROOKHAVEN
B Manufacturing (BINP)

» 2 SR output ports have been manufactured and sent to BNL.
NEEEE . A S | R

i

o

"
TR |

-

Booster NSLS Il beam diagnostics
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Objective lens M118FM25 (Tamron, Japan)

Optical equipment

MATIONAL

LABORATORY

CCD camera Prosilica CG1290
(Allied Vision Technology, USA)

Focal Length 25 mm
Aperture Range 1.6 - 16
Angle of View (hor X ver) 16.6° X12.5°
Focusing Range 0.1m-—co

Operation

Manual with lock

Back Focus (in air)

12.92 mm

Resolution 1280 X 960
Max frame rate 32 fps

at full resolution

A/D 12 bit

Output 8/12 bit
Sensor Sony ICX445
Cell size 3.75 um
On-board FIFO 16 MB

« 8 CCD cameras and 8 objective lenses have been ordered by BNL.
» To provide noise protection, the non-shielded Ethernet cable is replaced by the shielded

cable Belden 7860 ENH.

RUPAC 2012, 28 September
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. Tune measurement system

BUDKER \\

B Operation

 The kicking method is used.

* The beam is excited by RF pulses with the
frequency close to fg = (1 - v,, )f; -

 Duration of the RF pulse is 100-500 ps.

» The signal is sampled by an ADC and is
processed by a FPGA circuit.

* During the Booster energy ramp Tg,
measurements of v, and v, are performed
with a time interval of about 1 ms.

» For the total ramp duration of 0.3-0.4 s,
the system can provide 300-400 tune
measurements.

Tec=1ms

- Elementary cycle C
Beam Signal Signal
excitation ||registration processing
100-200 us ~270 us ~500us
512 turns

BROOKHEAEN
NATIONAL LABORATORY
Time scheme
Injection Extraction
Tr =0.4 sec
Kick 1 Kick 2 Kick 3 Kick N

Beam ¢
excitation— ™ ® N -
N < 300
512 turns
Signal 1 Signal 2 Signal N
Signal {
registraton [ B B BN 2

Te=1 ms

1024 point t
FFT (4 +H— 1 IH—1FH——"---

Tr~0.4 sec

RUPAC 2012, 28 September
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% Tune measurement system BROOKHAVEN
BN Striplines

Test bench scheme

chamber  stripline

Tracking _Et\. - :EE -

wire

generator 1:2 i | 2:1
Output ! |
8 e 1 50 Ohm
Spectrum
analyzer
_Input 50 Ohm
Measured sensitivity @ 500 MHz is about 9 V/A; Measured scale factors: Ky, = 24.4 mm
9 mV (-30 dBm) signal for 1 mA of beam current. Ky =26.9 mm.
—10 T T T T — 10 T T T — - 10 T T T i
10 mm X offset B 10 mm'Y offset o
e - - - stipline C —— stripline C

— stripline D

K, di

1 1 1 1 =30 : : : : -
1x10® 210° 3x0® 4x10® sa0® 60 100 200 B e S 100 200 300 400 500
F.Hz

F.MHz
F. MHz

» 3 stripline assemblies have been manufactured, tested and delivered to BNL.
« 3 E&I 1020L power amplifiers have been purchased by BNL.
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o Tune measurement system 'BROGKHRVEN
BN Signal processing electronics

» The Signal processing electronics has been manufactured, tested in BINP and
delivered to BNL.

|-

 Camasssssak &
!
/
TERARRN

E-plnlblll
L) i
ppiiiniit

e 3
§

Ly

10

® BIMN-3: namepexne GeTATPOHHBIX 4acTOT

* A prototype of the Signal processing
electronics has been tested at VEPP-3.
RUPAC 2012, 28 September
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Beam diagnostic racks BROOKHAVEN

NATIONAL LABORATORY

OF NUCLEAR PHYSICS
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OF NUCLE&R PHYSICS

Commissioning steps BROOKHRVEN

NATIONAL LABORATORY

Required beam diagnostics Esti- Responsible persons
mated
time

Pre-commissioning
(Hardware & software testing)

LINAC beam optimization

Passing beam through the septum

Passing beam through
1st, 2nd, 3rd and 4th arcs

Circulating beam at 200 MeV

Beam-based alignment

Orbit correction

Magnet lattice optimization

Injection and hysteresis loop
optimization

RUPAC 2012

LBT Beam Flags and BPMs

LBT BPMs in single-pass mode, 2 V.Smaluk,
Booster flag G.Wang
BPMs in single-pass mode, 8 V.Smaluk
beam flags
BPMs, SR monitors, TMS, DCCT 3 S.Karnaev
BPMs in turn-by-turn and orbit 7 S.Sinyatkin,
modes V.Smaluk
BPMs in orbit mode, DCCT, TMS 3 T.Shaftan,
D.Shatilov
BPMs, SR monitors, TMS, DCCT 3 S.Sinyatkin,
|.Okunev
1 BPM in turn-by-turn mode 2 V Kiselev,
A.Zhuravlev

, 28 September Booster NSLS Il beam diagnostics 25



qy Commissioning steps BROOKHAVEN

NATIONAL LABORATORY

OF NUC LE.\R PHYSICS

Required beam diagnostics Esti- Responsible persons
mated
time

Turning RF ON; capturing beam BPMs, TMS, DCCT 3 S.Karnaey,
J.Rose
Accelerating beam up the ramp BPMs, SR monitors, TMS, DCCT 14 S.Sinyatkin,
T.Shaftan
Orbit correction at 3 GeV for extraction BPMs in orbit mode, DCCT, TMS 3 R.Fliller,
D.Shatilov
Outgassing DCCT 20 A.Semenov
Emittance measurement Beam flags and BPMs in XS 3 O.Meshkov,
R.Fliller
Turning ON bumps BPMs in orbit mode 2 R.Fliller
Turning ON kicker and septum, beam DTL BPMs and Flags 4 E.Blum,
extraction optimization V. Kiselev,
S.Karnaev
Beam stacking FCT, BPMs, DCCT 7 V.Kiselev,
T.Shaftan
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Beam diagnostics software BROOKHRVEN
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T

OF NUCLEAR PHYSICS

- Beam passage observation

- Beam current monitoring

- Beam stacking observation

« Closed orbit measurement and correction
« Emittance measurement

« Chromaticity measurement

- Beam parameters monitoring

- Betatron tune measurement

« Analysis of Turn-By-Turn BPM data
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J LINAC beam optimization BROOKHAVEN
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| LTB Spectrum-VF2
Procedure y ma

Get LINAC beam with required parameters,
deliver beam to the injection septum.

Requirements
LBT Beam Flags and BPMs;
LINAC beam energy and emittance
measurement tools.

| LTB Quads Scan for emittiance measurement | LTB Quads Scan for emittiance measure|

J
4
:
2
g
3
g
-
g
=
2
2
]

0.000

» o g | o
B ®
ik by L

¥
setep | 1o
{Select Quads} Qz {Select Flag} VF3BD1 {Select Quads} Ql {Select Flag} = 32
{Energy} [ 20z.0000 {Select Target} OTR {Energy} [ 2020000 {Select Target} ]_.'-hh
{Scan Steps} W {Image No#} ’T {Scan Steps} ’T {Image No#} r 4 385 -3 .38 -2 15 1 .08 0 a8 1
Scan  {low} [ 100000 Camera View Scan {low} [ 70000 c | Baintonanargy deviuton )
Range fhigh} [~ 20.0000 | Abort Range  thighy [ 17.0000 i i oo s s 15

Ervergy 200. 75 Mal Faviry B % Change within +/-0.%% G7.445% %

INFO: done:jepics/data/HLA_resultj2012-5 INFO: done:fepics/data/HLA_result/2012-5
Beam parameters at Quad Beam parameters at Quad

{Emit_xG}nm | 4.641E1 |+/- 2.636E-1 |{Emit_yG}lnm 0.000E0 |-/- 0.000E0 {Emit_xG}nm | 0.000EC |+/-| 0000E0 |{Emit_yG}lnm 5.934E1 |-+/-| 5.688E-1

{Beta_ X} m 4.740E1 | +f- 3.119E-1 |{Beta_¥} m | 0.000E0 |+/- 0.000E0 {Beta_X} m 0.000EQ | +/-| 0.000E0 |{Beta_¥} m | 2.523E1 +/-| 3.249E-1

{Aphla_x} -7.022E0 | +/-| 4.572E-2 |{Aphla_v} 0.000E0 | +/-| 0.000E0 {Aphla_x} 0.000E0 | +/-| 0.000E0 |{Aphla_¥} -2.701E0 | +/-| 3.629E-2
£0.85 5.05% E5.98 0842
£ E] £ L
20.8 48 8 r &
@ 45 % 855 07 &
s = E =
50.6 4.4 & 2 06 8
2 42 5 %5 5
= @ > o
20.4 4 F 05 &
¥ 38 = a5 g
3 E H B El
<0.2 e e e e 3,545 2 4,13 I e e e et 0,332

10 11 12 13 14 15 18 17 18 19 20.01 775885995 105 11.5 12.5 13.5 145 15.5 17
Scan current [A]
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% Passing beam through the septum BROOKHAVEN
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Procedure
Measure transport matrix.
Optimize beam position at BPMs.
Use upstream Beam Flag to align the system.

—_— ,
4 LBT trajectory - =NNEN X

Reql.“rements EEE®E 3 2 USE 558 58 8 mz § @wf Ho0f 3 P = 2 pg
LBT correctors and BPMs;

6l
al
1 LBT flag and £ 2
E 0
® |
1 Booster flag; -
1 s
. . R
Operation with PSCs. Al
. " E 2
Beam diagnostic software £ o
. = |
Al
-6 L ; ; i \ ;
0 5 10 15 20 25
. M
X0,mm: |0.0 QuAD K1 DX, mm DY, mm CORR HKICK, mrad  VKICK, mrad BPFM X, mm ', mm Orbit
PX0,mrad: |1.0 o1[-11262 [0 0.0 et [oo 0.0 P Jozss 0258 Correct
Yo,mm: 0.0 02 [10.059 0.0 |o.0 I cz oo 0.0 Pz Ja0s6 -1.13 Clear
PYD,mrad: [1.0 a3f-0.819 [0.0 0.0 [ c3 [0378 0.418 P Joo 0.0 Quit
04 -6.077 [0.0 0.0 ¥ cs [1472 -0.379 ¥ P4 o001 0.0
s [3.322 [0.0 0.0 ¥ cs [n.3se -0.424 ¥ Ps  |-0.001 -0.0
06 |-3.525 0.0 |o.0 ¥ 6 |-0.0 0.0 ¥ Ps  |-0.002 -0.0
a7 [5.733 0.0 |o.0 ¥ c7 |-0.0 -0.0 ¥ P25l |-0.001 -0.0
08 0.0 0.0 |00 ¥ cg |00 0.0
08 [-4.843 0.0 0.0
a10(7.192 0.0 0.0
a11[-4.954 [0.0 |00
Q12 [6.245 [0.0 |00
a13foo [0.0 [0.0
014 [-3.508 0.0 0.0
a15[1.717 0.0 0.0
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Procedure
Adjust currents of LBT correctors to change initial coordinates.
Use 7 arc correctors. Send flat ramp tables into them, adjust currents.
Measure transport efficiency & beam coordinates at BPMs.
Repeat N times, optimize until transport efficiency > 95%.

Requirements
9 Booster BPMs in single-pass mode,
2 BOOSter ﬂags’ T 85 s & Saiﬁ v 3 &7 :_s:-- c; -
Operation with PSCs. |
Beam diagnostic N
software. :

¥, mm
||
/f
[ |
1N
) )
/
|
1
!
|
|
|
|
|
(
|
|
|
{
|
|

= e
-10 |
5 10 15 20 25 E 35
ul
0,mm: ,00— D K1 DX, DY, RR HKICK, mrad ORR WKICK, mrad BPM X, mm N, mm Orbif
mead: [1.0 aFo [2.007 o0 o0 F aca [osos P atcvt  [ores ez fpr o Correct
mm: 00 QG0 [1.224 [o.0 o0 o atcxkz  [osre [ atcyz  [1oes o oatet fose [t Cle
Pvomad [0 apo [-1.:308 [0 0.0 I atoxa [otes e atcys  [oass W atez [oar Jzms Qui
apo [-1.309 [o.0 X v atcxs  Joves ¢ atcvs  [ozEs stz Joars [oser
aco [1224 [0 o0 W atcxs  Joszr v atps Joozs  [a3sa
aFo [2.007 o0 o0 W aes  [o12s  Jost
W oaps otz Josss
R a7 Jozes  [oare
W osp1 fJoose | Joo

The same procedure is for passing through 2nd, 34 and 4t arcs
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Thank you for your attention!
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