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Abstract

Transverse phase space tomography using a quadrupole magnet and a beam profile monitor is very useful for emittance
measurements especially for non-Gaussian beams, since this method directly gives transverse phase space distributions.
We have tried to apply the method to measure the beam emittance of our FEL driver Linac. We found, however, that
this method suffers from both the energy spread of the beam, and the reconstruction noise. So these effects have been
evaluated to obtain a reliable result such as introducing noise cut procedures and evaluating the energy spread range
where the procedures can be applied. In this numerical study, PARMELA code has been used to simulate each rotation
angle profile. Ordered Subsets - Expectation Maximization (OS-EM) algorithm has been applied to reconstruct phase
space distributions, The noise cut procedure and the energy spread effects are presented.
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3.2 Noise Cut Procedure (NCP)

FEAR AR S V7oA A AR X, [Bls o, &
W, KAV —BTORBICLY ., HMEN4E
U, T MOTI v & ARBEHT DA%,
INOHHEFTOREEFEHRFICIRY RS LERD S,

V3ial—yaryTELNEMMBTEESMALED
HOEEEUTOREFZEHAL, =I v ¥ 2%
BHLEZEZ A, M3 ORICEEICEET S, M
EXxDOEED BT O I v & RehxDBEHE LT,

=&, + Ax+ Bx* + Cx> + D, exp(-D,x) (1)
27 4y FEEELONRK3IDOERTHD, 22T,
eI TR ENDTNDEI v 4 LV AT D,

N
o

€= 80+Ax+Bx2+Cx3+D exp(-D,x) ]

n
o

O Simulation Result

Emittance [x mm mrad]
o o o

e
o

0 20 40 60 80 100
Threshold [%]
K3 :vIal— g fER~D
Noise Cut Procedure & J {7

3.3 = R —PHIE~DERIENE

T3 v H U ADBEIINCPEEA L, EOFED
TR X IR D 43 A £ CNCP2NE  FTRED & 9
WERF LTz, K4z v ¥ AR HERO T xR
JU X IR~ DR FM A R"T, K4 XY, NCP%
AW Z & T xR F—FEIE D/ S WA Iz B0
TR RS SR 23 RIE I Je 43 A OB (EAF) T2 T
WAENSD, LML, NCPELDOFR L R TE
EEoEMNNSL, BHERBUEGEINLTWD DX
10%fEE £ TT, momnEznl EoxxL¥—24
IR ZFOREIC/2 D L. NCPZ&AE D HE &by
GAEOBEHEDOEMIFTELIRY, IHITK&EL
0B EWIRT B,

Flo, THRX—PEIEN NS WA THNCPE
HWTHRLNTEROEME DEITEKRE L TKRE
<, KRIBIZEME XY L/ SVWEREH ST,
T, 3AEITHLIRARERRIC, R R LX— D
FRAK D B REIREETITAR L AL < AR
FICHER SN TR, NCPIZk > Tl & LT
By FENTWBEEZDTHDIEEZOLND,

] By ' = with Nose Cut
€ 40t .'."‘. e w/o Noise Cut
g 35 ° & Original
L300+ ° °

() [ )

g 25)

£ 20} . 8 s
L AN

- 151 Lwma A

(0]

N L

c—é 10 L '] n -

E 5L : :

] 0 10 20

z Energy Spread [%]

X4 : oA DT )L X — P EIR R D AR

3.3 HAEAHE RICFH ST D =R L X — Dt

3261k 0 EREAHERICNCPE WD LR X
NE—DBEBFNRIT L FENT, =TI v & ANRK
SHHEND EEZ LN, 2T, B RIC
EFOBREDZRINANX—DEINELS L TVDIONE
REt Lo, o0 O — 7 = %)L ¥ —EpeakiZ%f L |
By " T7ZHXNVF—Ecutb @ E L. TNUTOE
THEER L THEOZRANLX—DHR I T b LTZT
DO v H U AEENT 5, TOEHEREF
ERAE FLINCPE TR SN I v X R &
N—T 50y A T7ZRLF—EeutzRdO7Z L 2
A, M5 DERIZIe o7, KI5 XY, BE—27 = x )b
X —DHRIT6%LA b D T 1)L X — D FE TS A A S 5
ICHEGLTWEEEZXZLND, I TI6%LL T %
Hy PLTEHLEZ Iy X LA E, B RLF—
DIEoA . P AR I O 000 A = R L — P fE R FF
WE7ay L7 7%K6I12077T, K6xRD
L. T6%LL T A v b UCHE LA R & PR s



HEREFICEIL B LTWD,

Fo, BHEAEREE—7 XX —DT6%LL T
DT RNV —%H v b LT2Tes A ONAE 5546 D
BlER 7I2RT, L ERKRTSDE, (TIEFLO
RPN ER ST ICENL TR ATV 2N h o
O, FNLAMTIELS FER I TV, £/, (b)
TlX, =XV F—AEIE DN AN T2 O HEE DS B SEO M,
ZFOZ L EZBFTIETOMOTIIRN R FER TE T
Wh, Fim, K2 ERERDE T6%LUL FOx XL
X—%Hy b LT REO T NEBEERELE &L T
WHENRSID,

U box3 v & 2R SR, AV b oA
DmEY, MET T T 4 IETEHMEK L, NCP%E
fEoTmI v U AEHEHTHEND Z L1F, =%
NX—T 4 VH T T A A2 RE L, <
ONAEH DALY = v X U AEFRH L TWAHH
CEMEBZDND,

=+ SO
4 . oo

NETTT7 4 EEHEY I 2 —v gl ioT
ERAICEH L2/ R, BRI ZOEE
RV HUAEREHTHE, THMDTI v HX AL
DBHIEFICRERENFRH SN, 204, B
FERNDL T I v X U RAERMET DBICHEEREEE
WMALZEZA, EOMAICEWVEEZEHT L Z &0
AREL o7, LT, TOMEREENEH TE
DT R — BRI T 10%FRE CTh o7, LvL.
B X —DFE TN LT FERINT, HEkR
RIZEV Ay PERTLEI D, MR E LT
TIvH U AETEOAEVIES AEL->TLE D,

FIZ T, =7 22X —DT76%LL FDKT R /L
X—DEFED Y P LIZEZA ZI v XA
WP E AL —F L, Zh&bv, bETT
7 A EE TR R A & AR L. MEE 2 bR
ELTE=IvH U RERHTLHEN) Z &1E, =%
WX =T g E U T S TIN5 A % AR AR
L. ZOxI v X AR HTHHELEMTHD Z
EAVHA LT,

AS%IE, FEBRICERERICNEZ 7 7 0 EEZ AN
T, =TIV AOHMEITD TETH D,

SE X

[1] C.B. McKee, et al, NIM A 358 (1995) 264.

[2] H.Ohgaki, et al, NIM A 528 (2004) 366

[3] Lloyd M. Young, James H. Billen, LANL, LA-UR-
96-1835 (2002)

[4] H.M. Hudson and R.S. Larkin, IEEE Trans. Med.
Imaging, 13:601 (1994).

g 90+
> [
D 80t = .
o) 1] n
[ ... n 0
E 70t | L} 76A)_
(@]
5 60k
O

50— . .

0 5 25

10 15 20
Energy Spread [%]
M5 BRI RE —BT D

W NA T TRV X — D T 3L X —LEIR A

§ 20 T T T A

o L A

€ :112 N

€ i A

E 4] A

£

9 12}

s 191 " g

£ gl 5 B o

= Z _ (Sta _

“,g‘ m  with Noise Cut

N g I A Original

© r E

g 0 1 1 il 1

S 10 20
Energy Spread [%)]

X6 : B—7 =X —|Tk LT76%LL T D
TRNVX—DEF 5Ty FLICRERE
BRI L0 R S 7o R o ik

5 5 -

l 01

0.2

7 3 ' os
EO EO / ; 04
& " os
x x b
07

. ) B 0.8

| o 0.9

> X [9nm] > X [(r)nm] > . 1.0

(a) NCARETHI 25 AT (Epeak=7.5MeV. FWHM=0.3%)
10 10 — ()

l0.1

) 0.2

§ i E - A 03

to 5 o4

= = B 005

< . X e

07

-10 : -10 : .

E > 0.9

10 X [9nm] L X [(r)nm] 10. 1.0

(b) NCAHEIH 54T (Epeak=3.5MeV., FWHM=23%)

X 7 :

E— 7 TR X —DT6%LL T D

R NVF—FEFE > b LIzxmhofik
FIAE Rk B OALAR Y1 9 A1 D Lhifg
(£ Rz VX =% H v b LIZmoAdi
A NEZ T T 41k D EHREE)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


