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Development of Drabkin Energy Filters for J-PARC Project
Dai YAMAZAKI, Kazuhiko SOYAMA, Toru EBISAWA and Seiji TASAKI*

Center for Proton Accelerator Facilities
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 31, 2003)

In the J-PARC project, the high intensity spallation neutron source has been developed.
Very intensive pulsed neutron beam will be available from a coupled moderator installed at
the spallation source. Wavelengths of neutrons is generally determined by its time-of-flight
(TOF) from the source to the detector, but the available precision is limited by the non-zero
emission time-width of the moderator system. It follows that high precision experiments cannot
be performed with the intensive pulsed neutrons from the coupled moderator.

We have been developing Drabkin energy filters, which effectively reduces the emission time-
width by the spatial neutron spin resonance. In this paper, firstly, we describe the physics in the
Drabkin spin flipper, which is the main part of the Drabkin energy filter, and derive the spin-flip
probability by the flipper in the quantum-mechanical manner. Secondly, the properties of the
resonance spin flipping are described. Thirdly, sweep mode for the application to pulsed neutrons
are described and the effects of the field sweeping to the spin-flip probabilities were numerically
demonstrated. Suppressions of sub-peaks in the resonance spin flipping by modulated magnetic
fields are also demonstrated numerically.

We have developed Drabkin flippers with 10 periods of field and carried out performance test
of the flipper at JRR-3M. Firstly, field dependency. of the spin-flip probability was measured
with monochromatic beam (A = 8.8A, FWHM 2.5 %). Secondly, wavelength dependency of
the spin-flip probability was measured with chopped beam (A = 8.3 A, FWHM 14.9 %). The

results were consistent with the expected values by numerical calculations.

Keywords: Neutron Spin Resonance, Drabkin Spin Flipper, Pulse Shaping

* Kyoto University
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(J-PARC) T, 3 GeV £ TINEL 2R 7 — LA Z—4y MIEZEEH, [EKRIT IO KFHE D%
WA TE—LERETE S, CORBEIHFE—LDS B, AT L—2h 56185603
POVAHHEFR, BIEFREREVD, TIVHBEL, B0BEEOERICIZMmWVL TV,

AHETHRET) RS TFURIINF— T4V E— (RSTF2 - T VE—) &, #
BRIEFL—2h 56BN Z VA TFE— L%, OV ABERKEL KL T L, BET
BLDTHS. FLT, BEED/ VAT FOKRESRERIBZNICHIET S C LATRETH
3. Chicky, MABREFIFT 2 ETOBROEZ, 5SRO MEEZRBRICED 3 aREN S
HTL 3. TORSTFURTXIVF— » T2 )V EZ—IZHKED SNS FHEICEBWTH, F. Klose 5
KX > THREDPEDSNTVS L2,

RSTFY e ToNE—X, FSTFURIZEY T wIS— (RSTF « TYwis—) 9 ¢,
FORBOREI S—, RBEFTIS—HD5E->TWVWS. RSTF2 « 71w —iF, Zerifht
FRAEVHBREZFHL T, REDHREDRBHIUETDOHAC Y ZREEEES. £ LT, Rilf#
FC k> TAC U DRE LT RRD Y. 5 LT, BEDWKER L DT FOREED H
TCENEEL TS MOHMTEEL ZORBEER RS TF « JU 9 I—CHTERICK->T
HETE%.

CThE)NWVAFHR AU TV ABERE LTHVWAEE, FS 752 - 7Y wIs—AHED
RBRE R T T L—2h 5 ORITRMICH DB TELEES. 5L, TFL—E D 5DOMITHR
IKEbET, SRATE L RIFEEOHRREFOAERO BT LIk, 7V AREFOTF—)VE
Ay bTEIENTES.

AKFE T, BEE CICHEDMREE 18 % BED RS T2 « T4 )V Z—RRFK LY.

ARBTR, RSTF2 « T4V EZ—DFEH) IcDWTHER, CNETICHAR L7 4 L Z—D
RERBR ORI OV THET 3.

2 KRS7x2 - JYynNR—&kdREURER

RS FFY e T4 E—BERTERTTF » 7V wR—3—BEREL, ThcERR, §
SIRIC I E RS BREE CGIRBER) DABRBIRICK AV RERFIFTSLDTHS (16
N— «Fig. 1). T TEEEZ AV KR, ZREPHEFA Y HBRS EFEIH, FEDRE
EHEONWHTFORAC U BREERS, LW BENHS. TOETR, RIT7F2 - 7Y vis—
ORI BT B2HRTF A DIRZ BN EZETHENICERL, AU RIEEPENTS.

21 KES3Fx2 - 29y ywNR—REOBSE

FI7F2 « 7Y w8—3 N FHOMBEN5%% L9 5 (Fig.l). 2L THAPHOE LAY
BT, O o MELL, Z2TEID > TS 2 AAOBIFIEAKEEINELIHD
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HEETHELTE. L, ERICHD>TVD 2 AAIDAA FEBREB—RTHBHLT 5. I4kb
B, B—VRATOMSEZ By, B FRAMOBSEZ By, EEL L,

By, =%B,+&B;, By;=2%B,—-&B;. (1)

BEU, By, B, > 0 29 5. LIAoT, |Byjo| = Byl TH%. %72,

6 = arctan (—i—j) , (2)
9% EEND,0<0< /2 TH5.

2.2 —RFARTOHOAYLEE

FHRAMTHETAE Y DESGOR D Z0#9 28K, |B) s = |Bys| THBRD, FLL.
CORfA%ZE v £TBHE, RDKSIKES.

- (Mel) ¢) varER. @

oD, XE/HBUQ&%hkhwflﬁﬁQ%Dkwﬁhﬁﬁgth@%T% BARIC
BUF 3 A€ =R TORETHIIZ

Uyjp = exp [ i(o,cosl + oy sm0)2]
= cos (g) — 10, sin (g) cosf — io, sin (g) siné ,
Uyja = exp [ i(o, cos0 — oy s1n0)2]
= cos (g) — 10, sin (g) cosf + io, sin (%) siné ,
EMIB. THLUT, —AROBBIPHEFICRITTERI

U =UypUy

= [cos2 (—g) — cos 20 sin? (—g)] (5)

—io,cosfsiny — ioysinfcosf [l — cosv] ,

LEIRENS.

2.3 NREHBHTORAP AEE AP Y RER
i (5)%

U =ug+ uz05 + uyoy + u0, (ug =0)

= cos J —ioysinasinf — io, cosasin 3,
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CLEERBLTHAS. T2 DD¥EBICKBERD, a DAMZEWZ0EDDREBEDRE O D
il B OEEETBEMIONBLWVS L THAED. LizA> T, N BARICh > TRENTE
3558, o DFAZEWRERORE D ICHE NS PFEET B LICRBDT,

UN = cos(Np) — ioy sinasin(NB) — io, cos asin(Nf) . (7)
AC U KEERTH UN OFEMAEICELL, KA TEX 5N 5.
P =sinasin?(Ng) . (8)

T T T, tana=1uyfu, &b,

2

. 1 U

sinfa=1-— 7~ = 3 Y 5 -
l+tan“a  uj+u;g

B = arcsin [\/ug + ugl , (10)

E75%. 1—u) —ul =cos? A uf K—BLTVART L LN DB LNTES.
R, N AYOBBIC XA Y RIERIRRTEZ BN 5.
2
P= ﬁ sin? [N arcsin (\/1‘2 n A2)] :

F=uy = sin 26 sin? (g) , A=wu,=cosfsinv.

Ere, sin? B=ul +ul &Y

(11)

2.4 HBEH TeRESHE

HIBEAR, X (1) IBVWT A=0TE5A6N5%. RAEVDTEENIERIZHBRADK D IO
DHAHETHS. 0 < cosf <1 &b, HIBZRMAFIF

A=0,T#0=>v=m2n-1) (n=1,2,3,....) (12)

vIZZE N AHZBRT 35S LARTOREATHS. Lz oT, HBEAFE, SEAHTVLS
WBAEYDN n—1/2 BlEzd 3 C LICHYT 3. BRAEIAD © DEEUE L L3N HREGCE
EFNENOR, SEEAHTAE YD n B L TRICKR>TLESIHNSTHS. CDEET=02%
7Y, REsREP0Icks.

HIBZMDO T TORERIEFEMIE NarcsinT = (20 — 1)n/2 TEZ5N3%. $hbb [ OEE
EA=0&D, T —sin(20) &RBT M5,

m(2l -1
6 = (4N )
BUHFRTAEUD 24+ AAEBANTVD T 3. A VIIZEECTRIBORA b &2REYE
#9505, ACUH 2 #hE a9 AT ERNZEE LRI T 20, — @RI 40, —EH

(1=1,2,..,N). (13)

Dz OB EMA, SUQ2) LROBRMMEICKD, BYTHB. DFED, 200 SU(2) HEDHIZDIXD SUEQ) A
BETH5.
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T 60, - 723, THULT N RAYEALBICAE W 2— HEEBVTOBEENEE KL
RETHS.

THLT, HBEAEDPED > TVBROACL VDIRLBNEELETS. £7, 0 = 15 deg D
REEZS (16 X—Y +Fig. 2). Thidl=1, N =3 DRICHYETS. ZUBDICAEUD 24
HEZEFWTWVS LTS, BEAPTAE VIR 2n - D) BT 5728, BERHERTERICAE
ik zz FEEICSD., ZUT, Z0 2 @ AT AER n FBHR TRICIE —4n0, n +1/2 AH
TR +4(n+1/2)0 &72%. LTz > T, N AR TRICAC D REREL TV 5%H8
34N = (2l - 1)r &%, TNHTRREFRF (13) OEKTHS. 6 = 15 deg DIFEII,
N =3 A TRTACUNZ2REL, ThIZSRABR TRORE Y DRIEDN v #F D ICH¥A
(=@ —-1)r) LIERRTEIST LIckS.

3 HIGHBROME

23 ITKRDIEAC Y RERR (11) %z, PRETERERPHRSGOEEE LTRLIL L ZIC, BN
M2 LR L PSS, AR T, TOHBHROMEICOVWTEETS.

3.1 REVREXRDOREREKEH

AEVKRER (11) ZHREFEE A TXT. FYAHTORAEVEEEA (3) Zv = h/mp) I
O TEXHZB L,

V= v(\) = (2“; ) (") ary/BZ 1 B2 (14)

1z, SR RERMHIIERICK DT 6, = (20 - )n/aN TH 3. LLERR (11) IR ATHIZ, 1408
HERDOANMES NS, FhERIRLIZON 17T RXR—VD Fig. 3 TH5.
HEKEEIRR (12) & (14) »5BL5N 3.

yres _ ( h ) (~> m(2n — 1)
" 2|unl ) \mn /) ay/B2+ B2’

= (zr) Goe) v
2|t Mn/ aB, tan201+1~
b ic, BB N 13
678.2

A'SB ~ , 1
=B~ (16)

EEREND. FIZL, B A B A SRS B X Gauss, ¥ABEE o A mm THB. 2D
Nes 2R, v(2) &

A

’/()‘) = Wa

THZBNh3.
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CCT, W B2+ B2 ILX35—€7R#EZ Q, , HBERICHRT 5P EES
vreS = h/m A LT L, K (15) BRDE I ICBEE]MIONS.

ue oo
2a 2m(2n—1)°

Tihbb, n=10RPEZISL, CHIEE v OBHEFHIRL ZHIEOE(LORNE D, %

DREBEBDT—ETRIFICEFLVEWVWS T2 THD. Thid, FEFHTRAE U HYEERT S,

&V HIBRAOYENERKICERT 5. £7z, R (18) &, RF 7Y w/—DHBEMH L X UT

WBH, RF 7V v —DEFIREREIETREL, 4 RS B, O5—ET7 IR TH - /-,
XS, HIRY— 702z R THE <. RIzRI

(18)

Narcsin(vVI2+ A2)=kn, (k=1,2,..) (19)
DREDIC RS, k BHOYORZ A, LT EICTHE, 1 =1 D¢, EXKD

Ayy = :i:\/sin (QLN(zk i 1)) sin (%(% - 1)) (20)

b,

res

A = M aresin | 2tk
™ cos(m/4N)

(kK h 1 . Ay (21)
A\ 2] mn ) a\/B2 + B2 aresut cos(m/AN)|
HIBY— I DREE AN &T 38, A = AF L AN2. LizAo T, 28l
B 2 . Ay
A=)\ — A1 = —_— arcsin [—COS(TF/4N)] (22)

TEALNS. LMo T, BRIHRBERICHAITS. £z, AN/ ThEFHR N OBEKE L
TT 7Lz DN 1T R—VDFig. 4 THB. N BWKENE T AT, lRSREERIZIE V3/N
K—89 5. BikfEzdHiFhud, N =10 T ANAP ~0.172, N = 100 T AX/A*® ~ 0.0173 T
H%.

3.2 REUVREROAMBIGRERTN
BHREE B= /B2 + B2 OB E UTHBHRERZ L 2EX 5. TOR,

v(B) = (2“};‘”) (Thﬂ) aBX, (23)

TH5.
HIBRMIX

5= () () “on @)
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THO, NRET BHE N ICRIEFITS. Z2RERME, BICKSY 6 =7(21-1)/4N TH5.

$ 72, B 2ANT
B

Rk
LELTLETES. R, SRR 2 BRI, RIS 5 HiBdhiR & [ UL %
% (18 *— « Fig. 5) .

Y—7iEd, fifli L ERRICEHETE T, (20) BXU

_2Bf* . Ay .
AB = —— arcsin [—_cos(w/4N)]

(i) (i) oo ]

THEABNB. L7ch>T, AB/B* Id Fig. 4 LRIUHETHS.

v(B) (25)

(26)

3.3 AEPUREROHA FRSKEN

&S, B, ZEE LT B, DAZZEZTGEOHBMREZEX 3. CTOBE, B, ZEET S/
DI n, | MREXS78, HRIRICHEN S E—7d—DREFIc k3.

6(B,) = arctan(B,/B,) ,
8 = (2l () ary/BE+ B2

HIBFRMAZ, K (24) THEASNB D, HIBRMZIEIZTH A FRiGE B LB &, 2eRKiRg
% 0(B*) = m(21 — 1)/(4N). LIzh> T, TOBED B, BRDESICET T M TE 5.

- () - () () 0 (52) o

B, BIROTHEHRT I, n MEESNB T LICHE.
&Ko T, HigdhERI:

(27)

0(B,) = arctan(B™/B,) ,
o) = (Te) () ety e, @)

R (11) IKRATHE X,
HERSRAHIE,

n m(2l — 1)
BZ:Bx’ltan[ N ] . (30)

F=12 L, BOBIRBRC n, | BMEET NS0, HIEBH A RREENT 1 DO ULH L.
F 7z, LB (18 R— « Fig6) 3V T¥— VD@ IHEETRES. Thid, BHEKERS
IR OHIBIR T TE— I DEENE L - 12D L MBI TH S
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4 IEXESEUE ORERF

HIRSIE 7 — ) LEY % L ERMNIEREBONMTEEX|AONS. Thbb, dEFHSLR
% L BFRNC IESCIREN T A REBOMTE T C N TES. LI > T, BIREIRIICE S Rabi B
DOHBRERICE ST, RITF 2« TJU9NR—IKEBAY VU HBRERFRT E EHNA[HETH
%. FZBEIC Drabkin HEOFHR] Y R ERR T OFEEEHT ARBICESVTRES 2 - Ty
I—DAEVREEREEZTWA. 12120, T TOERITVITNE FIREEE S FREERE T
BEBAZCLHFEINBBFICDBHEILD. $74bB, B, > B, DIFATH 5.

Y —LOETAME  BiAMIC L > 12 & &) HIEREE

B, (0<z<a)
B:=¢ 0 (2=0) (31)
—B; (—a<z<0)

LELTLENTESRN, ChIT7—VLERMICK-T
4B 2n—1
Z 2n —1° [ e a : ]
4B (sm [Ez] + lsin [3_7( ] + 1sin [S—Trz] + ... )
T a 3 a 5 a
LRI TLEDNTES.
1 (32) DRIELIRENEIZERA 2a/(2n — 1) TEMMICIRENIT 2. LizH-> T, BEFOEES

v &T B L, TOFHETH S RicHT ORHERENDIREE w, &
mv(2n — 1)

(32)

wp = R ) (33)
a
EREND. LEMo>T, OIS RIZANTIOMIBIE t = 2/v ELTRDE S IcE LT ERT
&5, |
=2B,+ & Z ( S 1) smwnt) . (34)

1 DOIRENAL T AV ﬂ%%ﬁs%zﬁrﬁiﬁcif{ﬁmﬂmﬁimiﬁﬁi:&: FEPEZEWV, LIRET S.
T5L, RELTRAA FiS B, & n BEOEZKIRIEYS (DIEEEIEED) ZEZNEXV. C
O, FERIEOREZ N LT, AV REERIZ

w2 2aN
— z,n 2 2
P, N IR sin [ V(wn/2 — w,) +w] (35)
THZ6NS. 12121,
_ pal 4B, 1 _ |pn| B,
Yen =5 \r@n-12) “*T R (36)

Tdd. T TH-AALOFERDOAEIE, X (34) D n BHOEIIZ AT B ERIEEED D
RIBICAHYM TS, 358, BIEICHT S Rabi DIBEMFE w, = 2w,, ThbbH
m(2n —1) _ 2|pa|B;
a h

(37)
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L%, TN, B, < B, DFRICR (18) L—H 9 5. Dk b, R (18) i&, FERIEE EXRIE T
ERUTROE n T Rabi MOAC VKR T 3 & EDHBERM, LWV 5 EKRICKS.
B, it UTHIGRM: (37) 266729 v ISHIST 2 HBEESR X L L, THIC (35) I (33) #
AT, BRAC Y RERRZUTOLIICER 503,
2 % 2
: _1)+(2_1)]. -
(,\2 - 1) + (“‘“«(2?—1)) m(2n = 1)

7N(2n — 1)\/()‘2;8
7z72L,b=B,/B, & L1z,

RiC, REREFMEEZLD. 8 n ORI THBRIZT 2R ORERERME, HBLH
A= DRI REREN 1 IcEuE X 0o T,

12
2sm

%N = g(2l ~1),

EEMNG. TTTEX LR, HREGETTRAEYD (20-1)/2 T3, L0) HTR (13)
D1 LRIUBHZRD. E6IC, Zhe b DEREND

B, m
B= @D (=12.N), (39)

MEONDE. TORAMND B, > B, < N> 1 THYH, ThETODHERIED IDODIE N Ak
EVERDATHET AN S. TLT, K (39) & N - co DIRETR (13) & —8d 5. T
CTH | DKM, B, B, >0 THETLhHRES.

AV RERDONIC RIS (39) ZRAT S &, n FEHORIIICHT 2 HBER P,
DRDESICBENS.

o (ﬁl{ﬁ))z 2 v 1\/A12 1\2/20-1)2
) () L -0y (1) + () Geor) |

Ares 2N(2n—1)
(40)

Drabkin DFEHL 9 % F.Klose 50X V) THEX THARERDORI, T OEREHELIC &
BEDTHY, CTTn=1,1=1LELDICHYTS. Iz, BEICRDE (11) RTIE, A¥
YREROBEREKEEZ R HE5DD n DHBE—IEFATVASD, £ (40) XTI, n
BHOHRBE—70 LD %ED.

(40) XTn=1=1DLETDHBHBRERCLIzEDH 19 R—ID Fig. 7 (k) TH3. T
DS, BB N £ 10 L LTHELTHS. The R L, ElEHELIC & 2 Hsihsid, B
BRI HIBHR S HIBY— 7 3ZIE—BL TV AN, YT =V TIHEVDHSNTH S, H
BE—IHBENLLEIDIE N =10 TR EDHAES B,/B, &L, B2+ B2 & B, HM&
E-HITE3NETHS. N=21c95¢, HBEC—VDOMENTH, YT ¥—2DENEERTD
(Fig.7F) . COLE, BEZHBHERTIE n=2,3 OHBY—ZEXICEHNTWVS. N =100
WKix% L, 2D0MRITIZIET—BT 5.
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5 AA4—TE—FIZ&LBNILAFHEFADOE

FSTEY « T4V Z—3 VAT OISOV ABEZHNE LTWS. Liehi> T, 7V AH
HFE2ERATHEITH T LICED. TDBIIE, RSTFY s 7Y w—TREEEE 5 HB
BEZINVAD TOF ILhbRTA4—TERBTEHRRETHS. DX, EFL—2h bl
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T ORERR "y
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TEZSNBDT, COMBICRSTFY « 7V wR—RBNT, TOHE A, L) OFHETFET
BACUREEES. §5L, ETL— 20 OBNTHTE T ¢ IC3ES 57— LTI,
LDEVERZR > TVENS, FITFY « T4 A —IC& o TIhERETEZIENTES.

BRLTORBRRE RS TF2 - TV w—DRIFHEE B = /B2 + B2 IL& > TEIRT 3
o, FITFY « 7V v R—DRBRARO K S IcHIEE N 3.

A(t, L) = (41)

h? 1 1 L1
4)pn|mn A(t,L)a ~— 2.91652a t

iU, BRABICBOTRIBO BN Gauss, a DB mm, L DHAIEm &L B34,
CDOHBHDA + — T ORI, BIBORMEZEEL THL. BEREERNS (13) BEEICL 50
TzHTH5.

UL Ul, R4 —7FE—FTRITF2 « T4V EZ—ZBEHT BRI, CLODOMEND 5.
B (42) KOK S KB ETEZ &, FEFRT V) v A—NEZEET 3MICLRBEITLL TV
{7, HBERANLDTNNEHATE LRI RZ L THS. 4

FEMEE o =5 mm T 100 APOIENSRDZ RS T+ - TV w—REFL—4H5
15 m, 50 m OEICBNTRA 4 —TE— FTEHELIRO R VU KEFE Figs (20 R—V) I
RY. TNZ2HRZ LB EIE, R4—TDHEEBIRSTTF 2 « TV —DHBIEFL—
EDHEVIZEHEZICEHNS. BANICIEI RS TF2 - 7Y wIS—DEX 20N L EFL—&H
7V )IS—ETOHEM L OLuickizEs 3. 72221, 100 AT a=25mm DT7Y v)S—%
L=50m OMEICEN:LZE, MUK 100 AHTa=5mm D7) v)$—% [ =100 m Dfii
BICEWL ZTIE, ACACYRERMISNSZC EHFETHE I OONS.

Xlo, A4 —TDEBIT V) wIS—NEBTOAE Y DEEENBNEE, DED RS TFF -7
V= DFE BN Z N EFEEICENS. Fig9 (20 X—) 2 10 AHORSTF - 71Uy
N—ZETL—EZH5 1.5m, 15 m OMEICEVTA4—TE—RFTEHLZL XDAVY VR
ROFEMEREZ/RT. 100 AHDBFELEST, HISEDIKA L —TDHEBIN/NENT LRHS.

TDA4—TE—FOEEBDOXNKREL LT, B, DA NVDOEEZER VY — LOEITHMICED
LD > THERT T ENEZILNSE . TS5 LT B, KARZEEXDDA—TE83 L, bk
THRUAHIGEERZEDL AL AS. Thbb, U—LOETHAZ - #iFmick >l ¥, il
1% B, ik

B(t,L) =

(42)

B.,gz
&@ﬂ=f, (43)
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DEICEZLNZM, COL ERK ¢ ITALE 2 = vt IO T2EE v OHFETHIIE 2+dz = v(t+dt)
TRLUAMEHREZEZ S L,

z+dz

Bz(z + dz,t + dt) = BzO (H—_dt

) = B.ov = Bao () = B:(x,1), (44)

THO, B4 t ISl 2 TREUTWZRB R CICAS. T LT, B, WE#EEHIC (43) D& D
EARER> TONIE, PHETORCZHBREIIED S K.

6 HITE—U DI

HA FRESE B, 3—ROEE, RRHSG B, DBEZIHELZ LY TE—I7OFHE 2D
T TES. FORDYICHBE— I DENDULENS.
Ble LT, sfRBE B, iKY ARTZE LIEHEIC DV TEET 5.

B,(2) = Broexp [—;—Z] | (45)

L, E—LO®THAE 2 £ L, RSTF2 TV R—DFLE 2z=0 &Lk TOKD
TREHIE, Fig1l0 21 R—V) DX, ALY P —bDBEEZZ T LICK> T, RBARET
HB.DOED, WHEEEIALY Y — FOBERBEICIZIHHITEZOT, ALY F— FOWEE
exp[+22/a?] IHE> TELETENIE K.

COEIRHBERFDO RS TF 2« TUwR—LD0T, AV VY REERZBFHFENICEHR
Ulz. BHORD, SYAHTHIBIE - THELIRELK. Thbb, k BHORTORNR
5%

R e RC L)
| (N — 2k — 3/2)? (46)

By(K) = —Ba exp [— - ] (B

ag

EL BREUNBBRSITE 7V w—DRHRTHS. CoLE, Abd (k=0F ¥
JEER) EHIO (k=N -1 S8 EM) © B, B, k= N/2 A% TRAL K5,

TR TIER (46) ITHBWT 0 = 170,100 &5 B.(k) (21 X—2 « Fig. 11) Z2RE L L &
DAY VREREPHE U, 12170, AN =100 & Lz, 5HEER% Fig. 12 (22 R—=V) K
RY. 0 BVNEWIEE, DF DRUGEEDOELAREVIZEY TE—ZIdMHIEh, ZORb D H
R — 7 DIEDRREDN > TWVB T EHH S, —BROBHICY TE— 7 0EEHH 0.116, FLIRIE
BH17% THEZDICHL, 0 =100 DEZEFHYTE—IDEIHE 0.03, FHIBEIE ¥ 2.2 %,
o =70 DLERZRYTE—IDEETHH 0.0025, HIBIEIE ¥ 28 % THof. .

RS TH T4 W E—% WEE BRI YDz D )V A8 & L TRV S i, S/N
EBRETE 104 U BT BT eHROOENDG. FTT, B B, ICTOES KmESH%EEDOR
FTF e TUwS—EHRITNE, The 2 BUEDRIFTRHWACZ & T, +ERAETHS.
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7 10BAO RS TH2 - 7)) wR—OERE BHRER
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ALY by— FRERICH DT R2RDOAR—E, BEX 5 mm OF 70 iEHW:. T T,
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AC Y RIEROMIGEBEEKEFEIE MINE OBBY—LT A U Tirbhi. dHTFOREIR
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XEMEHAICE D, PEFE—LOEIT A% y Ale Ul

PHFE— LIS BRI T—IcE> TRBEN, RS TF2 » 7Y w—THEBISLTA
VURERRZTS. 0%, HEBICKEELRD > bl TORD, RIS ORK 28
7KK THOHHENS. E— LT 1 V2AICiE 1620 mm x 230 mm DNVLKRLVY « O
AWICKBAA PG> TED, ShIC K> THETFE - LOREAIHRE N 3.

(R, RABREATICIE FesoCoso/V DHEREZBI T—R Wz, chid 1 EH7=b 140 A D
JBET, 39 EMNY aVERICKBEINTVS. ZBPZ 1 mT BEOHA FREEHTIhS
HMRLERI T — DR 2R X B/, Rabi BHBAY Y 7Y w/S—TRMY — LD A Y U KH#E
teZ e Ul iR 411 ThHo 1=,

FITFY < TV R KBRE VY RKEEFEDOREZ, HL Y by — MEE 20 um D RS T+
YT yIR—LEE 50 um DEDDHEHICDNTIToTeM, HBRICIFLAEENIENST-D
T, 20 pm DT ) W IS—IZDWTDFRERDOARET 3.

9, A4 FRUGH L RRHEBHOER I, I, DHBE -/ TOEEZFNFRRDIZL T A,
I/I, =0488 Lix>7. £ T, HEREDOMHEEZ (bE I/I, = 0488 IKEELENS) , EZXT
WEAE Y REEROE AN, ACVRERERDDICHIZ-T, RITF2 « TUv)s—H
on DREDFHY Nop & off DEFDEHE Nog , T LU TE—LDRAY VKR r = 41.1 ZFIF LT-.

Non r
Pyip, = (1 — N()ﬂ) T (47)

2L, AC UK Z RO BDICE > 72 Rabi BIRBEIY Y TV w)—DAY VKERIZ 1 T
HH, A€V REIRm I T — LR I 5 — ORMARICERT 3 L RE LT
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RIERERE 23 R— VD Fig. 14 IRY. BENEHE, dRIE RS T+ - 7Y v —D&FM
KBIZACYOT Yy a vEBRTHENCHEL TRDZEDTHS. MEDHR, IS
P—rDEEE 093, E—27ORMEIH 18 % Thole. E—VOFEIHFHBEICE>TH 1 &%
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RS Ty« 7Y wR—Ic & B AY Y RELOKEREERE, JRR-3M MINE OHfAY—
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DNTDIHERL Tz

HEY —LO/SVAIEAE Y T) w7« Fav)i—H0z (24 X—Y + Fig.l5) . Th
BHEEC—LICHE L RF A Y 7Y wS— L ZORKICH BRI T —, RN I Z—H
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LOELNT, IRHOBEEOAL —LHMESNS. T35 LT, BRNEHBOHRC K > THEF
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ERENE A L B O A MNICEETER M, ATV T « FayR—DFKHTH 5.
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EhH5.

AV TS e Fav8—0D> LADERAEIZ 24 X— « Fig.16 DFEH. AEYTU T
Faw = SELNBEB/SIVAE RS TF « 7Y vR—I AEE, FIETOREICRLT
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SIHTHLTWE. RSTEFU 70 v R—BEREREZOaMIVORLEICEA Shr.

BTN PR TOHREDHOMZ 26 R—Y D Fig20 \RT. RS FF2 7Y w/S—O0ON D
O E OFF OBOGHEEZFNFN Ngp, Nog E LT, TS RTTF2 « TUwI—DA
VURMEREZFET S, T, aiflizF@ U<

Non T
Ppin=1{1- . 4
flip ( Noff)].—'f' . (8)
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ELTEELE. 2L, r =43.90 RIEBE—LDRE VR TH O, ATV W T « Fgv
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foil current zigzag folded
/—(—M_V aluminum foil

D= [ =

>
+ -
I+ [sle|lsle sl | B, o

Bx ®®

Fig. 1: Magnetic field in a Drabkin spin flipper. It is composed of uniform field B, and
alternating field B, perpendicular to B,.

(69)
3/2
(106)
6=15 deg 5/2
1=1, N=3 Bz
________________ <, o wr m e e e - e = == s
6/2
(—1260)
Ba/o
_ 2/2
(=86) o)

Fig. 2: Spin direction at the exit of each half periods when 6 = 15 deg. B, is the field in the
first half period and By, the field in the second half. “1 /2” is the spin direction at the exit of
the first half period of the first period. “2/2” at the exit of the second half period of the first
period, “3/2” at the exit of the first half period of the second period, and so on.
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Fig. 3: Spin-flip probability by a Drabkin spin flipper. m-flip condition is supposed.
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Fig. 4: Relation between the peak width AA/A™ and the number of periods N.
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Fig. 5: Spin-flip probability as a function of the total field strength.
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Fig. 6: Spin-flip probability as a function of the field strength of B,.
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Fig. 7: Resonance curves for N=10 (upper) and N=2 (lower). p(}) is calculated rigorously and

p2(A) is calcurated with sinusoidal-field approximation.
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Fig. 8: Calcurated spin-flip probability when the Drabkin flipper (N = 100) is driven at the

sweep mode. The position of the flipper is 50 m and 15 m from the moderator.
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Fig. 9: Calculated spin-flip probability when the Drabkin flipper (N = 10) is driven at the

sweep mode. The position of the flipper is 15 m and 1.5 m from the moderator.
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Fig. 11: Gaussian distributed B, for ¢ = 70 and 100.
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Fig. 12: Calculated spin-flip probability in the case of Gaussian B, for o = 70 and 100.
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B R RUN NN

polarization
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Fig. 13: Experimental setup for the measurement of the field-strength dependency of the spin-
flip probability. B, is generated by a helmholtz coil and parallel to the vertical direction. The

current-sheet system, which generates B, is mounted at the center of the coil.

Spin-flip Probability

3.5 4 4.5 5 5.5
L,(=0.4881,) (A)

Fig. 14: Field-strength dependency of the spin-flip probability. Black points are measured data

and the curve is calculated data.
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Fig. 15: Spin-flip chopper (SFC).
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Fig. 16: Experimental setup for the measurement of the wavelength-dependency of the spin-
flip probability. Pulsed neutrons come from the spin-flip chopper (SFC). B, is generated by a

solenoid coil in the center of which the current-sheet system, which generates B, is mounted.
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Fig. 17: Measured strength of B, generated by the solenoid coil and the fitted Gaussian curve.
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Fig. 18: The field of the puised spin flipper, which is the main part of the spin-flip chopper, and
the spin-flip probability. The spin-flip chopper is “open” when the spin-flippings do not occur.
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Fig. 19: Pulsed neutrons from the spin-flip chopper.
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Fig. 20: Neutron spectrum when the Drabkin spin flipper is on (black) and off (white).
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Fig. 21: Wavelength dependency of the spin-flip probability for several current values. Black
points are measured data and the curves are calculated data. The current values (I, I,) are
(A) (11.13A, 2.36A), (B) (10.00A, 2.12A), (C) (9.10A, 1.93A), (D) (8.35A, 1.77A). The ratio of

the two currents was set to 0.212 for each case.
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