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Photocalorimetric Measurement of Power Distribution
in Multipole-Wiggler Radiation

Mihiro YANAGIHARA

Research Institute for Scientific Measurements, Tohoku University

This paper presents a photocalorimetric method to measure intensity of high-power

synchrotron radiation with the experimental results. The calorimetric device consists of

a photoabsorber, a heat conductor, both are monolithically made from a copper block,

and a water-cooled heat sink. Based on the temperature gradient along the heat

conductor measured at a stationary state the incident power was evaluated. Power

density distribution in multipole-wiggler radiation was measured on the beamline BL-28

of the Photon Factory. The beamline had neither beryllium nor graphite windows,

which allowed exact comparison between measured powers and calculated values using

Kim's formula for undulator radiation. Although the measured density was lower by on

an average 20% at the peak density, it was ascertained that Kim’'s formula gives the

puwer density of multipole-wiggler radiation. Besides, the photocalorimetry was found

to be useful means for measuring high-power x-radiation.

1. BULBIE

BEDEERIES HBE=HREDA, SE LA
e S, H LOEGHYEOEMOA DI S
ERMFEIATVLE, ThiE—AH T, BE
100W/mm’ %2i@id & FHINh A E—-LE RS> T &
EEWL, E—L454 UHERTITE > TEHED
TERESHAEHL TV, L2L, KEOEL

R ATED T ORI BRICHFRTICA-TH
D, FREHIEHRICE EROSHIZEEENT
W BRIV, ABDEROER SO T, 8E
TIHLESIZE R 5 T3, EFRBIE
K X RZEIEDBR & 2 h O OIEGHEREBA~ DI
A2 —2DBREIL T3, ZO0—RE LT
SRR XA RN CVDR ST — T 4 Ly —?

(C) 1993 The Japanese Society for Synchrotron Radiation Research



164

NDISHEEZELZTVS, INSHIZAVLZERY
ERINZEBRAE D ETHESBEDEOHL
BEMTHT AMAK TS 5, —RRiIciEdEE
BT OBAFITIE BT & EBI R R R G I g9
BE T2 MY DLRRIRTH B, ZDEEAET S
E—LD&EE, i3/ 7 —BEIBHmORE
LB R I RS 2 70D OBEELE
BEMO—oTH B, # I TASE—LDHES
SV CRIES 2 HEEBR LK S S0 ) o
OHBHEAIBD I BEEOEETH 5, EBOAE
74+ N7 77 M) —iZHB T BL-12CDEE
BRIGH) 5 OBEHEY & BL-280<I)LFR—IL
17T =R WDV T 5 Tce KRBIZIDI B
BL — 28 TORER AR LTHlNE S & E S,
LIAT, Trlab—holansg \y—
DAENHZ OV TR Kim DR &L H SN T
W3, $ETRILNSY VE—LDH 1 X%
HHEBR U TIDBEEEDIEEEITN-T
W5, AIETAE—LTA VOBRFUZNY Y T L
RTTT A ME, BIEBRODT I T -2
i, EEUEESHRENINKRCE 5, 2 2Tl
FHelRT 32 L TENZTNDOEMEERFT 5
TER, Tryalb—Fii o0 TOEREEL T
EDHARFTE B,

2. RBEREE
SIS OB ARIET 2ITid ED L O

FENBNTWSBE S50 ? Z DREEN e S

NERMIGIRD 3 FIEN TN S,

Db &b EENSNIHE N 5 O THERBIIA
BHThd, ULA, mIrIVF—JtORBEHEE
WA SN ATELR DTN SN,

DBEHDREERELZEED/NFA—-FITTEHD
XD S NBHEDHTFH L D =1 IF —2EH
THLDTH 5,

D TE B LZFERETEREORIENIRET,
SOEB LB LOIEBLL I LN,

CDEHINREFEDN LEBRINION I N S

MEX H6EFEA4S  (1993%F)

LIBEREETH 5, AETFIIIHTT &R
A, BUzEUR, ROBAD OB DIL-> T3,
KB PA BRI E oo x IV F —id B x L
FolZEHEn, BREREE > TARIRN T
W< o RIATDOIBIRIER T & BTN 1
fe TR IF —d & TEEEREBBT 2006, E
FIREE T 2 SR OREZE & BB ) O 3R E
AREL A ENTE D, AEEEROBMEEET %
k, WiifE% a, 2 >0AEHBOERAL, 20
REFEA AT &35 &, BREERARN S EBEQIE
L CHIS N TV BEMRE D,

Q=ka%; )

THA NS,

AF U7tz 2V F — DL IDIL, Zhn
EOBREEI R LF — 2B EINE MO0 TR
KRRV BETD D, TORITDVWTEAE
PENTOEDIFRDETH B,

DERD X iz 4 2 R EHRQ 107 LT TS
%%,

DIADNBETHHRIRIGEHTE VD, HET
DIFEE) T KV F —lF AFHED TR IVF — ik
THROT/NE VDO TEHTE 3,

DIRMD KGRI FAERTIIH0.01 18D TY, R
FOREVEERTENME BT DO & &3 EE
BRIIEHTE 5,

PkHik iz, O, NEF, BBEicksx

FUF—BRIFEHTE I ENE 0, LrL

AE LSS 0DIE, 8.98keV EILEDA

5 X SRR ORI & 28D K 35 X ERFL %8
LIcBERTH B, DO KRENBETHREIN0ST

H59 , ZIRHNTEHE NS KESEOERINTRIE

PN DR A R SO, 2R X H IR

IN&ENFBEITIE B3P 3IRINIE X ERFES I3 s

T&ELDT, ZOD2RXEAEODNITRIUAIZET U

AD BN 5 TL %o SENIBINE DA%

ARz U, ZDTEAAETE ARIF/NE LB



WEHEKX H6EFA4S  (19934F)

&lic i,

NG 7 —2 (DA > IR 5 L THEEL
eSO BVEEROETH 5, XKD 5
3.89W/(cm °C) &2 W72y, ZAUIHIE 99.9% D
Bz DWTDF— 4 T350KICFEL THE HD
Th b, BEIIIBCZERIGREIUEFET 505
FHOMEHNZ & > THRI2% DIE52>&0H D, RE
RN ERIREETH 20T, AIES S
BETOMEERNSE Z &icLis,

3. AIRE

iz, RAECRIA L/ PFOBL-281ZDWWT
EEICEIAG 5, C CWREHELRERO< IV
FR=IWT 4 TT—=DEREBEBINTNS Y, iR
F v TEB/ND30mm 2 LGE, Vv ER
ﬁ%WM@ﬁﬁﬁiﬁéé@W HETI
2.56kWIZET 5, WEZRITE > BEE — LT A
YOBHNIFER I T =130, AIECHOWIE
B 2 ME P EHED 549 16.5m OHISICERE &
NTW3,

NEIAR E — LOLWME & 2 DERE IO
WTITH 5 720 ZNENORE ALY THIE2
=y NERFEEEEWE L7, 2202y MIEAW
WIEIERIE, BRI, ROVKBIC & 2B D
55TV 5, BnEA R T 5700 RINEE
BYZEA IR 99.9% DD 7T 1y 7 06 %
ﬁmTFﬂ%LUfﬁﬁ%Lto7wxw~ﬁmx

BEXD 2 AT o TWE, £ DEEY
WBER0.3mm D bDAEEAN, —H, MBBDEK
LENVIFMORE, KITHDH, IhBAST
B I IVF —ZBAEC UTHE Lz, BRI
HIZE L DRIED E ZATIFIRH T & &L, BUF
TR, EMEAEDIETHERTH L,

31 BESHOAME

BEASGRHERO=y FOMEAR1ITR
T o FEIAARIZ B O3B AY 80mm X 40mm DFE I
T, HARE /NI VWEIATHI T, TOHW

465

HEAT SINK

ABSORBER

A

THERMOCOUPLES

100 mm -~

Fig.1 Cross section of the photocalorimetric device
for power distribution measurement. (From
Ref. 5)
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Fig.2 Power density distribution of x-radiation from
the BL-28 multipole wiggler of the Photon
Factory measured at a distance of 14.1 m for
the magnet gap of 30 mm. The solid circles
and the curve show, respectively, the mea-
sured data and those calculated using Kim’s
formula, both are normalized to a ring
current of 300 mA. (From Ref. 5)

WX HE6EHE4S  (19938)

FTCRAERBBETCELTINB I EDHERTE
720 158, HIEMET-5mm T DENEE 012iT
WA, Zhidaz=y hOLFICH B Smm

13.2mm OELIEBAIEH O KE < 2 7 I AFHED

— D> TNB D TH B, bIEAI, KE
HEIDDFHIZOWTIE, TDFAT 75 LOEIFH
NTIAELSEBIELED 5 72O TELVRIEIZE
Wize

32 2BEAE
BRIZEBEIEICOVTHRNRG, 2HE LS
S>THV AT T —=HDL/XT—%2ZF 5D TR
75 it 8mm A 13.2mm DIKG < X 7 A @ T 55
WOWTHAE LD TH %, H2PR3INLHN
3 &1L, HEAMIEAREBDDHERITTHEH,
AR LTI DYoo TV B 2 &ITE 5,
LoL, BEORERTNRIZE—LYTA XD
CORBETHLZOTEBELRIALLDI TS
%, AN 2 ORIE DAV EESRE L D

T T T T T ] T T T T T
| Power Density at 14.1 m
& | Normalized to 300 mA
E 4l -
g Gap=60mm
-~ b
3
o)
N
o
w
=
@ 2
A
15
5]
B
=}
£
0

Vertical Distance (mm)

Fig.3 Power density distribution of x-radiation from
the BL-28 multipole wiggler of the Photon
Factory measured at a distance of 14.1 m for
the magnet gap of 60 mm. The solid circles
and the curve show, respectively, the mea-
sured data and those calculated using Kim’s
formula, both are normalized to a ring
current of 300 mA. (From Ref. 5)
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Fig.4 Cross section of the photocalorimetric device
for total power measurement. In the bottom
is shown a schematic drawing of the thermo-
couple fixed inside the rod. (From Ref. 5)
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Fig.5 Plots of measured power versus calculated

power of radiation from the multipole wiggler
of BL-28 of the Photon Factory, passing
through an aperture of 8.0X13.2 mm® at a
distance of 16.3 m, for the magnet gap of 30,
45, and 60 mm. They are normalized to a
ring current of 300 mA. (From Ref. 5)
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