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HFS Meagurement 203 G#Hz Gyrotron FaGry-Perot Cavity

Fabry-Perot cavity: an optical resonator

Hyperfine splitting of Positronium (Pg-HFS: 203 GHZ1) Gyrptron is a novel hlgh pO\{VEI’ HFS transition is a rare process with two face-to-face mirrors.
energy difference between 0-Ps (1°S,) and p-Ps(1°S,) radiation source for THz region. ( T ~3%X1 03 SEC) r T : h — £ <h : 1
: : _ T Radiation power up to ~kW (ours: 200W) wo Important characteristics of the cavity:
Dlrggg)ggngrva:I?n O(LPS HFS) is difficult. Narrow line width (10 kHz level) ‘ DFiﬂESSE D Input coupling
< Z: ki technology (Klystron etc. Moderate frequency tuning (~ GHz) : 2
> O(10) THa: Infrared laser (ex. CO2 laser: 28.3 THz) quency 9 ngh den5|ty of 203 GHz photon (resonator qua"ty) » If the coupling is not appropriate,

No traditional high power source around THz region.
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large part of the power is lost by

> Corresponding to the multiplication  reflection or diffraction.
factor of the photon accumulation »» Estimated by reflection at the

Good for the HFS observation! is needed to observe HFS transition.
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We plan to observe direct Ps-HFS transition with Ph : resonance (critical coupling: R=0)
oton accumulation b at the resonance. .
,>203 GHz gyrotron a cavity resonator is essen¥ia|' gmeas‘“md by resonance width . TEE e e ot
: : : ' Condition of high finesse cavity: 5 , :
> ngh-Fmesse Fabry-Perot cavity. (Tﬂfg@t: 100x multiplication). > High reﬂectisity at two mirrg)/rs »> Condition of proper input coupling:

_»>Matched coupling strength

Small ohmic loss . :
to Finesse of the cavity.

Motivation: HFS puzzle

' ‘ Small external coupling S
Inconsistency of HFS value between theory and experiment [> Optimization Of the mesh > Small diffraction loss [>5ma | transmission loss
Theory:  203.39169 (41) GHz (Kniehl et al, 2000) : : . »Field shape at the input
Experiment: 203.38865 (67) GHz (Ritter et al., 1984) parameters by EM simulations | | similar to the cavity mode ,
L 3.90 discrepancy! Reflectivity and transmission loss ’L . .
Systematic error? . N %%%; depend much on mesh parameters. We use a metal-mesh mirror for the input mirror
All previous measurements are indirect with static B-field. . . 5 We used an EM simulator : : :
Uncertainty (incl. nomuniformity) of B-field can affect MRS schematic of gyrotrons A0 et ooy mtator and a Cu concave mirror for the opposite side.
the result (quadratic dependence of HFS on B-field). Gyrotron FU CW'V utlliz€5 Cycrotron motion this dependence | . P ——TT T
developed in Fukui Univ. of electrons to cause Lol -UA,IV Rﬂpt | Mesh mirror Cu concave mirror h D el o e
Direct observation may solve the puzzle! dedicated for the HFS study. ~ reésonanceat Mesh parameters: 8 : EEDS T " |
the center cavity. g: period, 2a: width =t
- ool B NV | avity <
o XX syrotron. g Resonance
e o 0065 E T (a= E . monitor
22Na source BaSIC Ideas 0960 B2 g Iga(?:?és'h%’e‘%ﬁ)gf m I -
/ > **Na positron source (1MBq) Simulated results of Motion by a pigzo stage AT- - |
ptag PUTS o125 mm fomthe centr of the cavty, L e o Metalmeshmior: | Cuconcavemirror. (Setpfor thecaviy st
> Timing of the positron emission is tagged Fiold view of are seen in relatively Low transmisson loss Reduce diffraction loss i thﬁ eft drawing)
B-tag oy a plastic scintillator (100 um thick). the EM simulator low-reflection meshes. High reflectivity High reflectivity |
scintillator 1, poitrons stop and form positroniums |
+light guide P ottering with N, gas in the cavity > Resonance scan has been performed to obtain cavity parameters

(isobutane is added to reduce slow positrons).

Rezsonance of a cavity with 20-50 mesh and ¢=0.6 mirror 0'60?? $Cu. 10 _ummesh Qy f > 63 O is o bta i n Ed °
“ Round-trip reflectivity > 99% - OK.

Gyrotron power Cu convex mirror

> Part of positrons which do not stop in the cavity

. . . N g N ""...“
are vetoed by surrounded veto plastic scintillators.
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> Positronium decays in the cavity (t=138ns),

nance monitor output[V]

/% Now performing detailed

141 . . 1 11 0.2 0.15 [— o ° ® °
e emitting photons (3y: 0-Ps, 2y: p-Ps with HFS transition). i L R optlmlzatlon of the caV|ty.
© Power > Emitted photons are observed by LaBr; crystal = of J "F T IrerEsEE TrE corE
R monitor scintillators (~3% energy resolution, fast rise time). V0E  cooe®ocor ioatet® sfmerement T TN s less ohmi c}odiffra ctﬁ)n % <
Veto > Separate 2y (511 keV, monchromatic) o ST T cyposiont gm '

scintillator and 3y (< 511 keV, continuum) events by energy.

tes, 10mm thick) > Separate prompt events by the timing difference. . .
Sdrﬁ%ﬁgtor Detailed obtimization i ) b s“mma’y & Plan «# The first observation of direct HFS
+PMT weto = Monte-Carlo simulation packace (Geant4) | transition will be in this fall, leading
PMT ) o isliot goodgbut «# A new direct method of Ps-HFS to precise HFS measurements
2 moes B SWRe Observation is possible in the measurement is under development. to investigate the HFS puzzle.
%10 1 i current geometry if target . . . . .
&bkt o s v pre](rjfcgrrwman?etcr)f;hercavitx. . « A hlgh power 203GHZ gyrc.)t.ron and « THz ||ght IS a rapldly deVE|Op|ng field.
2Nasource (IMBg,  LaBr, crystals (2 inch) i ANENE SYTOHON die dechieved: a Fabry-Perot cavity are utilized to We are searching other applications
9.52 mm active dia. PR el A simulation result of the positron

iy o oo e stoneing position in 1 atm M. obtain high radiation density. for the fundamental physics.



