Beam Emittance Measurement Tool
for CEBAF Operations

Pavel Chevtsov

Jefferson Lat 20-23 October, 2008 Pca PAe

celerator Facility




Outline

Introduction

Wire Scanners at Jefferson Lab
Beam Emittance Measurement Tool
Summary




Jeffg?son Lab

=
o
©
L
—
j=}
=
[
o
[<b]
[}
o
o
<C
©
=
o
=
©
=
=
(=]
w
—
[
—
=
@
=
%]
©
£
o
'
—
o




Synchrotron Light Interferometer at location 1C12
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0°....= Be + D?(8E/E)?

In high dispersion areas
(such as you see in the picture)

D2(6E/E)2 >> BE

and the beam energy spread:

oE/E = o,,.,/D




emittance

Beam emittance.

- Observe all the particles and measure both their position x

and angle x’
* We get a large number of points on our phase space plot,
each corresponding to a pair of x,x' values for each particle

The emittance is the area of the ellipse, which contains all
(or certain percentage) of the points or particles







Measurement of the Transverse Beam Emittance

Method: quadrupole scan

detector
Principle: with a well-centered
beam, measure the beam size

as a function of the quadrupole
field strength

Here
Q is the transfer matrix of the quadrupole
R is the transfer matrix between the quadrupole
and the beam size detector

- .Sll + I{SIQ
= ( Sy + KSa

The (11)-element of the beam transfer matrix is found after algebra to be:

Su(= (%)) = (St 2, + 251151251, + S12" a9, )

+ (2811812811, + 28127 B9, ) K + S12” 241 K*

which is quadratic in the field strength, K




Measurement: measure beam size versus quadrupole field strength

T (= (x?)) = (8117 211, + 2511819 19, + S127 50, )
+ (281151211, + 2512° X190, )K + S12° X1 K

fitting function (parabolic):

Y =AK-B?+C
— AK® —2ABK + (C + AB?)

equating terms (drop subscripts ‘0’),
A=SHhZu,

—2AB = 281181251, +28%, %15,
change in quadrupole field (kG) C+ AB? — 8112511 + 2511819510 + S102 5o

solving for the beam matrix elements:

2= -4/5122:

A S
2o = — (B—l- 11),

Sy Sia

2
o ~ St S\
AB? +C)+2AB | — Al —

(AB?+C)+ (sﬂ* (Sj

- 5
change in quadrupole field (kG)




The emittance is given from the determinant of the beam matrix:

let AE

AT “~“heam

= V2o — Xho”
A il
AC/S1y,

S12°

!
Fq

as a useful check, the beam-ellipse parameters should satisfy (B,y,-1)=0?
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A typical wire scanner (WS) at Jefferson Lab
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¢ Gnuplot

Current

main WS mode

, limit switch

limit switch
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Y laldevuserichevisov/CREATOR/m?_application/harpPlot/IHAOL... [= |[E1](X]
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WS Low Level
Control Software

WS data pool
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¥ Icsfopshome/edm/harp/IHA_D_debug_sa.edl E]@ @

Harp |HAULU? DEbLIg SCI’EEI‘I ransient Recorder card Auroralg
Last scan was done
- L = HARP Control

Trigger Status Code scan hode Select
1 Declared Zero Point Harp Position ol
Waiting For Start Button Event |

PGA

Gain Slot Channel Gain Readhack  5Fx

I 13 I e 0.01471

Stepper Motor

ChD In Welogity Accel Desccel Pos. ST BEZ

[156¢  [24000 [150 204 0.00
|

ChAD Readback status Beadback
ojojojojojojojif{of1[1{ojojo(o ool j0{ojojofojojd{ojojofofojd]o)
Ot Lirnit 0.00




}{_ fesfopshomefedm/hanp/IHA_D_sa_new.edl
Harp IHAOLO7 Semi-Automatic Mode Control

Mormal Scan WMode Status Information
Declared Zero Point Harp Position
Wyaiting For Start Button Event

Scan Mode Select |E

=4 hode Status Information
Wiaiting

lIse the digitizer o Save SA data after -
when the motor runs?| the next motor run?|

Stepper hotor Current =k Position

Sh Position To Go

— 0.00 l0.0q

are in m A The last saved 5A data are available

7152008 _08:01:07

ChD Eeadback
(ojofojojojofof1fof{1{t1]ojojojof0]
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File: AusrdopdatasprofilesTHALIOR,OF092008_18:11

Harp Mame:
Time Takent

Pot ming

Signal ming
Conversion factor:
Initial position:

Wire Orientation:
Wire Material:
Wire Diameter:
Motor Speed:

Harp Type:

Max Cll Current:
Mumber of channels:
Default Channel:
PGA wire:

PGA PHT:

[0OC:

index pot

IHALIOE
Jul 03, 2008 18:11
Mumber of Digitized Points:
137, Q00000
13, 000000

b
Pot max:
Signal max:

AhE0, 000000
20, 0000
0, 015000

Kowire: 0,000000 Y owire: 0000000
=LY

975 32Re

B um

3.5 mmszec

INI Harp

BUAmps

2

1

il

iacind

zignal

R R EEa s R RS R R R SR A S

137, 000000
140, QOG0
143, Q0000
152, Qo0
15a, Qo000
160, QOG0
162, QOG0
164 , QO0000
165, 0o0000

14, 00000
14, QOG0
200, QOG0
200, QOG0
14, QOG0
200, QG
14, QOG0
200, QOG0
200, 00000




EEEEE S RS SRS S S SR RS SRS S EE ST EE ST S ST B ST S ST S ST S

harp:  IHAOLOT time_stamp=07152008_08:01:03

01: HOLTOLOEM -2,628784
HOJOLOZ, S -2,.631647
HOJOLOE, BOL =154 , BOOOOE
MOLTOLOE , KHOL ]
MOLTOLO4M 0, 633045
HOJOLG4, 5 0623352
HOJOLO4 , BIL 41, D000
ML , KHOL 0
HOLTOLOGEM 0, Q00305
HOJOLOS, S 0, OO0
HOJOLOS, BOL 2, 980000
HOLTOLOG , KHOL ]
MODOLOEM 0, Q00610
HODOLGE, S £, 000000
HODOLOE, BIL 2, 000000
HODOLOE , KHOL 0
HODOLO?H 0, Q00305
HODOLOT S 0, OO0
HODOLOT, BOL 2, 000000
HODOLGY , KHOL ]

B T T T

File: AusriopdatasprofilesSA THAOLOY SA, 07152008_08:01:07

Harp Mame: THAOLGOY

Time Taken:  Jul 15, 2008 02:01

Mumber of Digitized Points: 8192

Pot ming 176, Q00000 Pot max: 511, 000000
Signal ming 0, 000000 Signal max: 44, 000000
Converzion factor: 0,014706

Initial position: Howiretd 0000000 Y owired 0000000

Wire Orientation: K-y
Wire Haterial: 97l 3iRe
Wire Diameter: B0 um
Motor Speed: 2.5 mmdsec
Harp Type: INT Harp
Max Chl Current: BuAmps
Humber of channelz; 2

Default Channel: 1

FGA wire: 0

PGA PMT:

I0C iozinl

index pot zignal

B o e e L
415, 000000 14, Q00000
414, Q00000
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Beam Emittance Measurement Tool

WS Device Control
Software

WS Data Processing
Software

Accelerator Optics
Parameters
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WS Data Pool

Accelerator Modeling
Applications




Beam Emittance Measurement Tool
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Beam Emittance
Measurement Tool
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Beam Emittance
Measurement Tool

Common Device
Library Control Library




*, HARP DATA AHALYSIS APPLICATION

waluck Bpp numbar 1 sulacl harp sumbe 2 sulasl hap mumber 3

IHAGLE

IHADLCRB 1 HAD LGB
|HAGLO B |HAILID
IHADRDS IHADRDS

IHA1EQS IHATEQS

T BT n A e

Beam Emittance Measurement Tool




*, HARP DATA AHALYSIS APPLICATION \k Choose a scan file

waluck Bpp numbar 1 sulacl harp sumbe 2 sulasl hap mumber 3

IHAGLAS

IHADLOGE [ ] Ha0L07 SA.04072008_1700:11
IHADLOD g R T 3
R [_] maowor sa0 006 _ 40

IHA1 B IHAYEGS ] IHAOWOT SAD4zez008_12:20:24

select I selact salect File name: ! | (] I
- i - : f
LT IGRRA T LD T ] EXIT main inifoamation winados Fi m.‘ %I ﬂl




. HARP 1 {IHAOLO7) DATA CONTROL WINDOW

Fean 1 (18, 1400 scan 2 (241,373) scan 3 (906, 59T scan 4 (B0, B21) #can S (B84, 10973 scan® (1109, 1290)  scan T (1304, 1435)  scan 8 (3527, 10590
shiwd graph | shows graph | showa graph | chow graph | shiowi graph | showe graph | chow graph | show graph

1] Ei E = = E i =

soan @ (1723, 1658)  scan 10 (1048, 2079)  scan 11 2144, 22780 scan 12 (2203, 25000 scan 13 (2564, 2008) scan 142707, 20100 scan 15 (2002, 3114) - scan 18 (3208, 3238)
show graph | shiowe graph thowe graph ! show graph ] shows graph | show graph | thowe graph [ showw graph |
. | ] 22 i ] m -

"._ T iy PV e AU A TORLPmE i b ) s ot o e s VA r:@ﬂ

ekl Bemsn - wlalobil Gess - POF
scan 17 (3402, 3534)  sqan 12 (3508, 3728)  scan 10 (2040, 4108) Harp 1 IHAOLOT
shcw graph | shewd graph | ehew graph I 1 |

7 = i |

.1|H|I\‘ ‘|Jll||-l

oo
o B 1 Pt

Lol

seluct quadiupale

 —r - — | QUIT




¢ HARP 1 {IHADLO7) DATA CONTROL WINDOW

sean 1 (18, 140) sean 2 (241, 373) foan 3 (468, 54T) wean < (B0, B21) scan 5 (B84, 10973 sean @ (1109, 1240)  sean 7 (1304, 1435)  scan 8 (1527, 185090
bt graph | shiows graph | showa graph | ehowa graph ] shois graph | showi graph | show graph | show glaph |

= E m = E| E 7] =

sean @ (1723, 18568)  scan 10 (1048, 20000 scan 11 2144, 22780  sean 12 23208, 28000 scam 43 (2564, 2608) sean 14 (2757, 20100 soan 18 2082, 3114)  sean 18 (3206, 2338)
showi graph | shoad graph | shove graph I show graph ] shoisi graph | shows graph | shiwe graph l shows graph J

] E & = I= E ] E

. HARP DATA FIT BIE

= peidaia  dada g

scan 17 (2902, 3534)  scan 12 (3508, 3728 soan 19 (2919, 4108 Harp data for X scan 3
show graph showguaph | showguph | (beam_sigma=0.324545, center at 21602828 mm)

/N

st oy ,wv/ %"wt;-kwwh»

i

idataderalora bt idaliial

harp sl (ADC cownde)
g B g B

o

Lim b e i i

T
"W 4 e

T £l
T 1o ool il s smmen

Fulect quadivpels

QuIT




¥ QUAD SCANS

— MOQJOLO3M — MQJOLOSM — WQJOLOSM — RAQDOLOEGRM E

IHAOLOZ Pl C200 03 b

i b 0L b
: \ h (201 LS bt
: \ M2 DOLOG

\ M 2DOLOT b

- =]
@ il
=
B 5]
=
=] =
[

10
Cluad Data Points
selact




> HARP 1 (IHAOLO7) CONTROL WINDOW

scan 4 (18, 198) sean 2291, 373) Fean 3 (A0, 807 sean < @O0, 821) gean 5 B84, 1047 sean @ 01100, 12407 zean T (1304, 1435)  scan 8 (1527, 18529
shoew graph show graph | shove giaph shiow graph showd graph | shiowa graph l show graph | shove graph

= = [ i i} A il E

soan @ (1723, 1855)  scan 10 (1945, 20700 sean 11 2430, 2206)  sean 12 (2308, 25000 scan 13 (2504, 2008) sean 14 QZTET. 20190 sean 15 (2OE2, 3114) sean 10 (3200, 3336)
showw graph I show graph | showe graph | show graph [ shows graph | showw graph I show graph | shows graph I
) ] 1) m ] [ @ &

M Chesno a file with transder fusctions for this guad scan

R i ¥ i el T A AT DR g b 0% b e SO | =g |
sean 17 (3902, 3534) scan 18 (3596, 3728) sean 19 (3910, $104) e e SR Bl

=) L] doaisictaran s L] miw
shoaw geaph I showi graph | shaowe graph ] ) rHAtLET Ea DaOTI0E_1T 0010 [T e st Pkt
r{ '- [ ] meatuoT Sa0arazoon_tidaan | ] deis_plelopp _
=xr ] sz sacoapurmon_ 122034 | ] dsla_plebipp sld_smiEsscs | ] b
] A A DGR 0R 12330 | ] dala_sbal b sl e
‘__'l e BiEE da _] Anla_phalpp_sng
J MATEOY 34 02 Y22007 _ 4 J T _'I drla_phl g sk 0
L] ARG SAOTIEI00T_VE00AE | ] dela_plsth
] vt B3 8009800075203 [ ] dnta_sisie
L] Bl S A 00900007 88 1430 | dela_sinl_meseopn
_'I dataic _'I dats_ghal_msc o
L] dsiaTia e ] sy

Folw pama | 0 arctiera a8

Fils fypé ApyTla ™

salact filg walh fransder funclions O MO D3OS M

SELECT




¢ HARP 1 (IHAOLO7) DATA CONTROL WINDOW

scan 116, 14990 zean 2 (2941, 373 scan 3 (<56, 597 scan 4630, 821) zcan 5 (384, 1017)

show graph show graph shawe graph show graph show graph I

showu graph

scan 6 (1108, 12407 sean 7 (1304, 1435)  scan S (1527, 1659

I show graph I shaow graph

= = _| ] =

= _| I_

scan@ (1723, 19551 scan 10 (1948, 2079) =can 14 (2144, 2276) scan 12 (2362, 25007 scan 12 (2564, 2606 scan 14 (2797, 2019) scan 15 (2092, 2119 scan 16 (3206, 3325

show graph I showe graph I showe graph | show graph | show graph |

showe graph

I show graph | show graph |

| o [m ™ |

sean 17 (3402, 2534) sean 13 (3505, 3728) scan 10 (3519, 4100

show graph I shaws graph I

show graph |

] = ~

Transfer functions file: trFunctions.d at QUAD: MODOLOEK

correct quad walues

= [ I

calculate emittance I save results




GSL library is called to
perform all mathematical
calculations

QWT library provides all
data presentation graphics

BEMT Software Works ...




¥ HARP 1 {IHAOLO7) DATA CONTROL WINDOW

sean 1010, 198) zean 2 (241, 375) FCan 3 (A58, 897 seah 4(B90, 821)

seah 5 (559 1097)  sean 6 (1100, 124900  zean T (1304, 1435)

sean 8 (1527, 1859)
showe graph ! show graph | shove graph j shioss graph | shiowe graph
]

show graph showe giaph

] = E

showe graph

£l ] E =

scan B (1723, 1855)  scan 10 (1948, 2079) scan 112194, 2270) sean 12 (2305, 25000  scan 13 (2504, 20008)  sean 192707, 20190 scan 15 (2962, 3114)  scan 10 (3200, 3338)
shows graph | shiws graph | showe graph 1 sk graph show graph | showa graph | show graph | showe graph !
E 5] 17} |7 =

e
'\.h g el ¢ el e el Lol

T BN pgp g FRFE T PEEY EERE o sErarieg geEe 1l'i|l|

Harp 1 HAOLOT data vs quad MODOLOEM settings

gean 17 (3902, 3534)  scan 18 (3590, 3728)  scan 10 (3510, S109) <EM>=13287805711 {nm), alpha=-3.1636,
showe graph i' show graph | showe graph ]

betas58 0027 (m), gammas=l. 1866
i 1 I ]

el

Trarcder funckiors file: tiFunctione dat

CUAD: WO DOLOS

cofredl quad values caleulale emitlance




¢ Correct MODOLO6M values

FOINTS WALUES CORRECTIONS

94,0000 94,0000 change 1 I
94,0000 Q0000 change 2 I
144.0000 144.0000 change 3 I
124.0000 184.0000 change < |
2440000 2440000 change 5 I
2840000 2840000 change & |
344.0000 2440000 change 7 I
2840000 2840000 change 2 I
4440000 4440000 change 9 I
4840000 4240000 change ‘1D|
544 0000 5440000 change 11 I
5840000 5240000 change ‘12|
5440000 440000 change ‘13|
5840000 E24.0000 change ‘14|
F44.0000 F44.0000 change ‘15|
Fa4.0000 Ta4.0000 change ‘1B|
2440000 2440000 change ‘1?|
8940000 S94.0000 change ‘18'
944 0000 2440000 change ‘1Q|

-

¥ Beam emittance measurement tool

= beam sigma ws quads <+ beam sigma vs corrected quads — data fit results

Harp 1 IHAOLO7 data vs quad MQDOLO6M settings
<EM>=1.9287805711 (nm), alpha=-3.1636,
beta=592.0027 (m), gamma=0.1866

o oo o~ @ h oL R

e
R = O

=

o
Eaaiia e e e e
oW @ B W

o
b2

E
=
o)
£
=
]
£
)
& 0.1

400 00
Cuad bdlvalues (Gauss)




Summary

-The new Beam Emittance Measurement Tool significantly simplifies
beam emittance measurement procedures for accelerator operations
and contributes to a very high availability of the CEBAF machine for
nuclear physics program at Jefferson Lab

- Tool software is computer platform independent but is mostly used
on LINUX PCs recently installed in the accelerator control room







¥ Correct MODOLO6M values

FOINTS VALUES CORRECTIONS

94.0000 94,0000 change 1 I
94.0000 Q40000 change 2 I
1440000 1440000 change 3 I
1940000 194.0000 change ¢ I
244.0000 2440000 change 5 I
284.0000 2040000 change & I
244.0000 2440000 change 7 I
284.0000 2840000 change 8 I

= beam sigma ws quads <+ beam sigma vs corrected quads — data fit results
4440000 4440000 change d |

Harp 1 IHAOLO? data vs quad MQDOLOBM settings e e S
<EM>=0.0000000207 (nm), alpha=16395425.4737, 544 0000 544 0000 |

beta=027248650.5367 (m), gamma=289900.6392 ceamin e nange 2]

524.0000 5240000 change 14'
F44.0000 F44.0000 change 15|
784.0000 7240000 change ‘1B|
244.0000 2440000 change ‘1T-'|
204.0000 2040000 change 18'
9440000 g44.0000 change ‘19'

¥ Beam emittance measurement tool

oo - 3 th B W R

Beam sigma (mmj)
(o } [} [mu ]}
Fa R i

[}
2

o

400 00
Cuad bdlvalues (Gauss)




