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Abstract

Increasing accuracy of the theory and experiment of the n=2 "P fine structure of helium has
allowed for increasingly-precise tests of quantum electrodynamics (QED), determinations of the
fine-structure constant o, and limitations on possible beyond-the-Standard-Model physics. Presented
here is a 2-part-per-billion (ppb) measurement of the J=1-to-J=0 interval. The measurement is
performed using the frequency-offset separated-oscillatory-fields (FOSOF) method. The result of
29616955018(60) Hz represents a landmark for helium fine-structure measurements, and, for the
first time, will allow for a 1-ppb determination of the fine-structure constant when QED theory for

the interval is improved.

i



Dedicated to Majid, my dear father and Fariba, my beloved mother.

il



Acknowledgements

I would like to first thank Professor Eric Hessels, my supervisor, for providing me with the op-
portunity to experience physics through such an exciting experiment and for sharing his wealth of
knowledge and wisdom with me throughout the project. I would also like to thank my co-supervisor,
Professor Matthew George, who has been a teacher, a professor, and a supervisor to me at different

times throughout my academic journey, but a friend and dear mentor to me at all those times.

I would like to thank the person who taught me everything I knew about running the experiment,
Taylor Skinner, through heroic effort and with an abundance of patience, which dealing with me
definitely demanded at times. I would also like to thank Kosuke Kato, whose hard work laid the

foundations of all we have achieved.

I would like to thank Neil McCall, the person who is the closest thing I have had to a brother.
His wisdom, patience, and friendship are the only reason that [ managed to maintain my sanity at
some of my most challenging times. It is thanks to Neil that I ever dared to dream bigger than I had

previously permitted myself, as his relentless optimism is a fuel most potent.

I would also like to thank Jorge Garcia Perez and Ushieja De Zoysa for being great friends and
all the conversations and moments that we had. It was also a pleasure to get to know and work
with all the great people in the EDM? collaboration. I will hold dear the memories I made with my

friends Tom, Ryan, Sunna, Tina, Coral, Chris, Abteen, and others at and outside of York university.

I have great admiration and appreciation for the hard work done by the York University staff,

v



HVSHFLDOO\WKHJUHDW SHRSOH LQ WKH SK\VLFVDQG DVWURQF
WR &ULVWDO IRUDOO WKHWLPHV VKHKHOSHG PHRXW RID EXUHL
WKDQN 3URIHVVRU :LOOLDP 3SLHWUR ZKRVH SUHVHQFHDQG VX
IRUJHW |, KDYHJUHDWO\HQMR\HG DQG OHDUQHG IURP P\ FRQY
5DQG\/HZLY ZKR LVDQDQJHORIDPDQ XQLYHUVDOO\ORYHG |
WKDQN 3URIHVVRU $GDP 0X]]LQ WKHFXUUHQW JUDGXDWH SURJL
GHSDUWPHQW IRUKLV YDOXDEOHJXLGDQFH WKURXJK WKH SURF
SURIHVVRUV YDQ :LMQJDDUGHQ /HYHU OF&DOO OHUPXW +RUE

DQG VKDSHG PHLQWR ZKR , DP WRGD\

,WLVDOVRLPSRUWDQW IRUPHWRPHQWLRQP\IULHQGV DQG I
P\PHPRULHV JURZLQJXSLQ ,UDQDQG WKHWLPHV ZHKDG WRJHW!
P\EULOOLDQW WHDFKHUV LQ 6DPSDG P\VFKRROLQ ,UDQ ZKRLQ

PHVLQFH,ZDV D FKLOG

$QGILQDOO\DQG PRVWLPSRUWDQWO\ ,ZDQW WR WKDQN P\ GHL
ZLWKRXWWKHPDQG LWLVRQO\WKDQNVWR WKHLULQQXPHUDEO
DPXFKPRUHFRPIRUWDEOHOLIHLQ ,UDQDQG ZHQW WKURXJK WK
RQO\FKLOG O\IDWKHUODMLG KDVEHHQ P\VRXUFHRIVWUHQJW
NQRZQIRUKLVGHSHQGDELOLW\DQG KRQRXU ZKLFKLVDVWDQ
J)DULED KDV DOZD\VEHHQ WKHOLJKWLQRXUOLYHVHYHQLQ WK
PDNHRXUGD\VD OLWWOHEULJKWHU QHYHU VKRZLQJWKH SDL

GDG ,FRXOG QRWKDYHGRQHDQ\RILWZLWKRXW \RX



7DEOHRI &RQWHQWYV

$SEVWUDFW LL
'"HGLFDWLRQ LLL
$FNQRZOHGJHPHQWYV
7DEOH RI &RQWHQWV
/LVW RI 7DEOHV YL
/LVW R1)LIXUHV LI

,QWURGXFWLRQ
JLQH VWUXFWXUH &RQVWDQW
OHDVXUHPHQW RI +HOLXP )LQH 6WUXFWXUH

OHDVXUHPHQW 7HFKQLTXH
 QWURGXFWLRQ WR )262)
3KDVH5HYHUVDODQG /LQH 6KDSH

([SHULPHQWDO $SSDUDWXYV
([SHULPHQW 2YHUYLHZ
OHWDVWDEOH +HOLXP %HDP *HQHUDWLRQ DQG &RQGLWLR
OHWDVWDEOH +HOLXP 6RXUFH
7ZR 'LPHQVLRQDO ODJQHWR 2SWLFDO 7UDS

YL



IDVHU 6\VWHPV
QP /DVHUYV
'"HWHFWLRQ /DVHUYV
OLFURZDYH 6\WVWHP

'DWD &ROOHFWLRQ DQG $QDO\VLV
'DWD & ROOHFWLRQ
/JLQH & HQWUH 'HWHUPLQDWLRQ

6\VWHPDWLF (IITHFWYV
2YHUYLHZ RI 6\VWHPDWLFV (IIHFWV 6 WXGLHG
ODIJQHWLF )LHOG &RUUHFWLRQV
'RSSOHU 6KLIW
IDVHUDQGOLFURZDYH ,PSHUIHFWLRQV
OLFURZDYH 3RZHU ([WUDSRODWLRQ

&RQFOXVLRQ

%LEOLRJUDSK\

$ $SSHQGL]
$ 7DEOHRI&RQGHQVHG ([SHULPHQWDO 'DWD

YLL



ILVW RI 7DEOHYV

6 XPPDU\RI6WDQGDUG 'DWD &ROOHFWHG

6XPPDU\RI1IRQVWDQGDUG 'DWD &ROOHFWHG WR 7HVW IRU

$ 7TDEOHRI&RQGHQVHG ([SHULPHQWDO 'DWD

YLLL



I[LVW RI)LIXUHYV

J)LOQH 6WUXFWXUH &RQVWDQW OHDVXUHPHQWYV

SBUHFLVLRQ +LVWRU\30RW

62)/LQH 6KDSH

)262) 3XOVHV

+HOLXP (QHUJ\ /HYHO 'LDJUDP
([SHULPHQW 6LGH YLHZ
([SHULPHQW /D\RXW
OHWDVWDEOH +HOLXP 6RXUFH $VVHPEO\
' 027 6FKHPDWLF

$/DVHU 6\VWHP

% /IDVHU 6\VWHP

& IDVHU 6\VWHP
'"HWHFWLRQ /DVHU 6\VWHPV
OLFURZDYH 6\VWHP

OLFURZDYH 3RZHU &DOLEUDWLRQ

)262)6LJQDO

LI



)262) /LQH VKDSH

6XPPDU\RI6WDQGDUG 'DWD &ROOHFWHG
6XPPDU\RI1IRQVWDQGDUG 'DWD &ROOHFWHG WR 7HVW IRU
7LPH Rl )OLIJKW OHDVXUHPHQWYV

OLFURZDYH 3RZHU ([WUDSRODWLRQ

&RPSDULVRQ RIWKH3UHVHQW OHDVXUHPHQW WR 3UHYLR?



 QWURGXFWLRQ

J)LQH VWUXFWXUH &RQVWDQW

7KHILQH VWUXFRVXWE ERPNQWIRMDPOHVY XQLYHUVDO FRQVWDQW :
HOHFWURPDJQHWLF LQWHUDFWLRQV ,Q WKGPHVLRIHNXD&W X R Ul
RILQWHUDFWLRQ EHWZHHQ SKRWRQ DQG HOHFWURQ ILHOGV D

EHWZHHQ WKHWZRILHOGV W I@QDQG’DOKSHHRFDBBHB[LLCPW\HHBV

ZKHUHR WKHHOHPHQMWWKHKLHGEGXFHG 3 QD QVFKNHRARSHHGEIRR W L J KW

WKHYDFXXP SHUPLWWLYLW\

TRILQG WKHILQH VWUXFWXUH FRQVWDQW IURP WKH SUHFLYV
4(' FDOFXODWLRQRIVLPLODU SUHFLVLRQLV UHTXLUHG WR GH
ILQH VWUXFWXUH FRQVWDQW $V D UHVXOW DKLJK SUHFLVLR
HLWKHU WR WHVW 4(' SUHGL BW VKRY Q U WIR SHWHHUPERHUHQW PF
KREWDLQHG IURP DWRPLF UHFRLO > @ DR 6 @KGLN O BB WH R QPR
WKDQ SDUW SHU ELOOLRQ SSE $SSEPHDVXUHPHQW RIKHC

VHUYHV DV D WHVW IRU4(" WKHRU\DQG SURYKLBHDVIXQ BBBQW VR C



YLIXUH &XUUHQW CKHRVE WWDR.IQHIBN UR@\DRIRPLF UHFRLO LQ 5E >
WKHHOHFWURQ PDJQHWYL G ZKRIGHRRPHQWDWLRQV VSDQ D UD

OHDVXUHPHQWRI+HOLXP)LQH 6WUXFW X

Q 6FKZDUW] VXJIJHVWHE WD WKD W IVKKIKD LXP FRXOG DOORZ
GHWHUPLQDWLRQ RI WK HKIWED ¥ WRXEG ® EHHFHRQY WG QWR P VW X
VWUXFWXUH RI K\GURJHQ JLYHQ WKDW KHOLXP KDV D WLPH)\
LQWHUYDO +HVXJJHVWHG WKDW D BPUMK\8HEY SRUDLRQHHWRSB
ZHUHPDGH LQ ERWK WKHRU\DQG H[SHULPHQW ,Q WKHLQWHUYF
KDYHVKRZQ FRQWLQXDO LPSURYHPHQWYV >+ @ 7KHHYDOXDWL
LPSURYHG WKH DJUHHPHQW EHWZHHQ WKHVH PHDVXUHPHQWYV
IRUWKHVHLQWHUYDOV KDVDOVRDGYDQFHG JUHDW®4 ZLWK D
WLPHV> @ LQ DQG D O OkWWE-HLRM EFRPSOHWHG > @ LQ 7K
WKHRUHWLFDO SUHFLVLRQ DQG WKH IRXURUGHUV RIPDJQLW X

> @DUHLOOXVWUDWHGLQILJXUH



JLIXUH 7KHKLVWRU\RILPSURYHPHQWLQ SUHFLVLRQ RIPHI
"3ILQH VWUXFWXUH 7KHH[HV VKRZQLQ YDULRXV FRORXUV IRL
XQFHUWDLQW\LQ SDUWV SHU ELO QL R QRS DEXGR WWERH I \QXVUHHLPYHDQOAV
SHUIRUPHG VLQFH JRUPHDVXUHPHQWY WKDW GLVDJUHH Z
GHYLDWLRQWKLY GLVDJUHHPHQW LVLQGLFDWHG DQG WKH DI
WKDW ZRXOGEHUHTXLUHG IRUDJUHHPHQW 7KH SXUSOH GLDPF
KDVLPSURYHG ZLWK WKH FRPSOHWLRQ RIFDI@WXOI]D(WG_'RQV RI DO
&EDOFXODWWRIQVYREZLOO DOORZIRUD SSE OHYHO FRPSDULVRQ
7KHSRLQWV RQWKHILIXUHDUHFDWHIJRUL]JHGLQWR WKUHH JUR.
DQG7 > @ ODVHUPHDVXUHPHQWV/ > @ / > @ | > @ /| > C(
> @ bQG/ > @ DQGPLFURZDYHPHDVXUHPHQWVO0O > @ 0 > @
0O > @



7KHWKHRUHWLFDO'FP @/MXOWWDLRQLRY MRUHM @ XBR\PRUH SUHFLVH
FDOFXODWLRQV RIHLWKHU'RJ W R HeW;ZFO\DXGE - WORN HkY DONY HQ
WKHDEVHQFHRIVLQJOHW WULSOHW PL[LQJHIIHFWWRQ WKH FRF
WUDQVLWLRQ UHTXLUHV D WZR SKRWRQ SURFHVV WKH SRZHU
VXFK WR PDNHDKLJK SUHFLVLRQ PHDVXUHPHQW RIWKH IXOO LC
VXE LQWHUYDO VHSDUDWHO\DQG WKHQ FRPELQH WKH WZR PHL
FDOFXODWLKRQ@WR RYGHHUQW PHDVXUHPHQW DQG WKH SUHYLRX\
RIWKH WR LQWHUYDO ZLOO DOORZIRW D GHWHHQ R L QPSEL RQ@ R IW

WLPHV PRUHDFFXUDWH WKDQ WKH SURSRVDO RI6FKZDUW] > @

$ SSE OHYHO FRPSDULVRQ EHWZHHQ H[SHULPHQW DQG 4(' FL
LPSOLFDWLRQV ,WZLOO SURYLGH WKHPRVWDFFXUDWH WHVW
7KLV FRPSDULVRQ'ZUQQHOWBXMVW¥XUH WR EH XVHG IRUD GLUHFW \
ORGHO SK\VLFV> @ VXFKDVH[RWLFVSLQ GHSHQGHQW LQWHUD

WKHDFFXUDF\RI FXUUHQW WHVWYV

7KH PRVW SUHFLVH &HBHUPG Q D WIKRHIQWORHFWURQ PD 3QHBWLF P
DQG DWRPLFUHFRLO> @ FXUUHQWO\VKRZ GLVFUHSDQFLHV
&RPSDULVRQRI GHWREWDQQWGERQRFRYDULRXV VIVWHPV DOORZ\

6WDQGDUG ORGHO SK\VLFVLQ HDFK RIWKH V\VWHPYV > + @



OHDVXUHPHQW 7THFKQLTXH

, QWKLV FKDSWHU DWKHRUHWLFDO GHVFULSWLRQ RIWKH WHF#

' QWURGXFWLRQ WR )262)

TKHWHFKQLTXH XVHG LQ WKHFXUUHQW PHDVXUHPHQW LV WKH I
)262) PHWKRG> @ ZKLFKLVDPRGLILFDWLRQ RI'WKHS5DPVH\PI
ILHOGV 62) )262) KDV SUHYLRXVO\EHHQ XVHG WR PHDVXUH W

DQG WKHVR WUDQVLWLRQLQ KHOLXP WR XOWUDKLJK SUHFLVLF

7KH 5DPVH\ PHWKRG RI VHSDUDWHG RVFLOODWRU\ ILHOGYV
LOQYROYHVH[FLWDWLRQRIDQDWRPLFSRSXODWLRQE\WZR FRQV
ZDYHVY VHSDUDWHG LQ WLPH DV VKRZQ LQ ILIJXUH D ZLWK
WUDQVLWLRQ 7KHPHWKRGUHVXOWVY LQWZRTXDQWXP PHFKDQL
HIFLWHG VWDWH E\HLWKHU RIWKHSXOVHYV DV VKRZQLQILJXUH
WKHWZRDPSOLWXGHVDFFUXHGLITHUHQW TXDQWXP PHFKDQLFD
7TKLVLOQOWHUIHUHQFHLQWURGXFHVIHDWXUHVY UHIHUUHG WR DV
ILIXUH F 7TKHVHIULQJHV FDQ KDYHZLGWKV WKDW DUH VPDO
OLQH VKDSHIRUD WZR OHYHO V\VWHP H [ % ROVHGE WHFS VDERW GRIQ C

VKRZQ LQ ILJXUH D LV

L VAT VI F I




ZKHUHLV WKHDQJXODU IUHTXHQF\GLIITHUHQFH EHWZHHQ WKH L
DWRPLFUHVRQDQW7IUHTXAHQF\ LVWKHPDIQHWLF GLSROHPD
GULYLQJ WKH WUDQVLWILRY KIHMHBXKXDVH GLITHUHQFH EHWZHHQ Wk

WKHWZR SXOVHV > @

,QWKH62) PHWKRG VLQFHERWK SXOVHV KDYHWKHVDPHIUHT
UHODWLYH SKDVH RI WIKH.WZRBFOWHXFWLYHLQWHYUIHUHQFH R
DQG GHVWUXFWLYH tQANVNHUIXKUHQFHFZKKQZV WKH GLITHUHQFH EH)

WDNHQ DW WKHVH WZR YDOXHYV RI

)262) LVD PRGLILFDWLRQRIWKH 62) PHWKRG )RUWKH)262) PHW
7n LVDSSOLHG WR WKHPLFURZDYH IUHTXHQF\ RI WK D BLSUDAVIH 6 X O \
WR WKH VHFRQG SXOVH 7KHVHRIIVHWV LQWURGXFH D WLPH Gt
EHWZHHQ WKHWZR PLFURZDYH ILHOGVY ,Q HVVHQFH )262) PHDV
SKDVH GLIIHUHQREYV RI EXW DW DO® YDV OXHWWRXOW WKH )262) D
VLIJQDO IRWMIBYBEBLHY VLQXVRLGDOO\LQ WLPH 7KH SKDVH RI
SKDVHRIWKHEHDW VLJQDO WKDW LV REWDLQHG E\ FRPELQLQJ W

ZKLFKLVWKHTXDQWLW\PHDVXUHG LQ WKH )262) WHFKQLTXH

JRUD WZR OHYHO V\VWHP ZLWK W DR IGG\HDSD SDMOWRRMIR X G K U D WOL

DQG E WKH)262)OLQH VKDSHLV> @

, Wb
r 7u DUFEN—D—QQ—F

ZKHUHVY WKH PDJQHWLF GLSROH PDWUL[ HOHPZHQ@W IGWUWWXIHQJ W



JLIXUH 7KH SXOVH WLPLQJVRIDG62) H[SHULPHQW D WKH W
E DQG WKHFRUUHVSRQGLQJ62)OLQH VKDSH F



GHWXQLQJRIWKHDSSOLHG PLFURZDYH IUHTXHQF\IURP WKH D
DVVXPHV LGHDO PLFURZDYH SXOVHV LQFOXGLQJLQVWDQWDQHF
GXH WR WKH PLFURZDYH VZLWFKHV RUDPSOLILHU DQG QR FKI
IXQFWLRTKRIOLQH VKDSHRIHTXDWLRQ LV DQIMMIWKPBRMWULF Z
, DQG UHGXFHV WR WKH YHU\ VLIPSOHIRUR/SPRXPDPSQB Y BHOL
REVHUYHG OLQH VKDSHV DUH VKRZQ LQ ILJXUBV DIQDG DQW E IRL

ZLWKWKUHH GLITHUHOWGYDIBXHQRISRZHUV 3

SKDVHS5HYHUVDO DQG /LQH 6KDSH

TRGHWHUPLQH WKH SKWKH BLEFIUHRDYHY XVHG IRUWKH WZR SXC
WKHUHVXOWLQJ EHDW VLIQDO LV REVHUYHG 7KHDWRPLF VLJ
7ZR GLITHUHQW WLPLQJVHTXHQFHV DUH XVHG IRU WKH PHDVX

SXOVHRFFXUV BIBMOMHWEBERG ILIXUH 2, LQZKLFKWKLV RUGH

7TRVZLWFKIURP , WR ,, RQO\WKHWLPLQJRIWKHODVHU SXO
UHPDLQ XQFKDQJHG )LJXUH VKRZV WKDWWERWIW Q RR WW K K WL

7TKH TXDQWLW\

JLYHV WKH EHVW HWIKHRDMWIHNMRDQFHOV XQLOQWHQGHG SKDVH VKL

VLIQDOV DV GLVFXVVHGLQS5HI > @



J)LIXUH 7KHWLPLQJRIPLFURZDYHDQG ODVHU SXOVHV (DFKH[SHULPHQ3W F\FOH L
WZR FRQVHFXWLYHPLFURZDYH SXOVHV EHLQJDSSOLHG DQG ODVHU SXOVHV/ DQG/ C
WKHILUVW PLFURZDYH SXOVHND S80& HRHUKHDWIHUH T XW®HA\ILUVW PLFURZDYH SXOVH KDV



([SHULPHQWDO $SSDUDWXYV

, QWKLVFKDSWHU DJHQHUDORYHUYLHZRIWKHDSSDUDWXVLVG

VHFWLRQV SURYLGLQJPRUHGHWDLOHG GHVFULSWLRQV RI WKH

([SHULPHQW 2YHUYLHZ

JRUWKH SUHVHQW H[SHULPHQWDO VHWXS PRVW RI WKH FRPS
"3 WR3;PHDVXUHPHQW > @ $VLGH YLHZRIWKHH[SHULPHQW

ILTXLG QLWURBIKQOARKRMMERPY +H DUH SURGXFHG E\D '& GL
VRXUFH FKDPEHU DV GHVFULEHGLQ VHFWLRQ 7KH +H EHD
GLPHQVLRQDO PDJQHWR RSWLFDO WUDS ' 027 DV GHVFULE
H[SHULPHQW FKDPEHU WKH +H DWRPV DUHRSWLFDOO\SXPSHG

ILIXUH WDNHV SODFH

7KHDWRPV DUH RSWLFD'®O\7S XP\SIHVG H. (RW DWW KWHH U\QVD B M HDY W
VKRZQLQ WKHHQHUJ\ OHYHO GLDJUDP RIILJXUH XVLQJ D
7TKH+H WKHQ SDVVHV WKURXJKD UHFWDQJXODUPLFURZDYH
PDMRULW\WRI WKBEWRPYV DUHH[FLWHG E\D SXOVH RI QP ODVHU
DQG VBR WKMWDWH ZKLFK KDV D OLIHWLPH RI QV 7KH

DUHGHVFULEHGLQ VHFWLRQ

7KH 3, B 3 WUDQVLWLRQ LV WKHQ GULYHQ ZLWK * 4

FURZDYH WUDQVLWLRQLVGULYHQEDWZR/ 8§30V BW HHR BRKROLE X LE



)262) IUHTXHQF\WRIDVFEBWIRYLRXVO\GLVFXVVHG LQ VHFWLRQ l
WKHDSSURwWPWMIHW LW WDNHV IRUWKHDWRPV WR SDVV WKURXJ
FDQLQWHUDFW ZLWK WKHDWRPV WKH\W\SLFDOO\H[SHULHQF}

ILIXUH 7TKHPLFURZDYH VA\VWHP LV GHVFULEHGLQ PRUH GHW!

7KH3 DWRPV WKDW UHVXOW IURP GULYLQJWKHPLFURZDYH WU
WR WKHNWDWH XVLQJD SXOVH RI QP ODVHUOLJKW / LQILJX
WKH3; VWDWH XVLQJ D SXOVH RI QP OLIJKW / LQILIXUHYV
QP ODVHU VA\VWHPV DUH GHVFULEHG'BQDGHRVP I LDOU IHQ6 WHFUML R R
E\DQHOHFWULFILHOG VHHILIJXUH E ZLWK WKH UHVXOWLQ
WKHP LOWR D FKDQQHO HOHFWURQ PXOWLSOLHU &(0 7KH VL
WUDQVLPSHGDQFH FXUUHQW DPSOLILHUWR REWDLQ WKHDWRP

LQILIXUH

$IWHU SDVVLQIJWKURXJK WKHH[SHULPHQW FKDPEHU WKH+H E
FKDPEHU VHHILJXUH 7KLV FKDPEHU LV XVHG WR OREN WKH ILU
EHDP FRQWLQXHV WKURXJK WKH 6WHUQ *HUODFK FKDPEHU VHH
LV XVHG WR VSOLW WKH +H EHDP LQWR WXQGIH ESIRSXFRVY VR QW L
FKRSSHU DW WKH EHJLQQLQJRI WKLV FKDPEHUHQDEOHV D WLPH

WKH+H EHDPYV YHORFLW\GLVWULEXWLRQ FDQ EHGHWHUPLQH



JLIXUH $ KHOLXP HQHUJ\ OHYHO GLDJUDP QRW WR VFDOH
PHDVXUHG DQG DOO VWDWHV LQYROYHGLQ RSWLFDO SXPSLQJ
LRQL]DWLRQ



J)LIXUH 6LGH YLHZRIWKHDSSDUDWXV XVHG LQ WKHH[SHULPHQW GUDZQ \



J)LIXUH $ VFKHPDWLF RIWKHH[SHULPHQWDO OD\RXW D DORQJZLWKDQH[SDQGHG
7KHJUHHQ EHDP LQGLFDWHYV WKH SDWK RI WKH BHVOALXW B WIRW K OZKMH W JH W HDPRLGV/H DY

SXOVHV 7KH\DUH LRLRGS ZHWEKIWKHGHG LQWR WKH &(0 E\WKHLRQL]J]HUDQG LRQRSW
DWRPLFVLIQDO



OHWDVWDEOH +HOLXP %HDP *"HQHUDWLRC

TKHPHWDVWDEOH KHOLXP VRXUFHVHFWLRQ ZKHUH PHWDVWDEC

VHFWLRQ ZKHUH WKH+H EHDP LV FROOLPDWHGDQG LQWHQVLI

OHWDVWDEOH +HOLXP 6RXUFH

7KH PHWDVWDEOH KHOLXP +H VRXUFH JHQHUDWHY +H DWRI
GLVFKDUJH VRXUFH LQ WKH VRXUFH FKDPEHU 7KH VRXUFH VI
WXQJVWHQ QHHGOH FHQWUHG RQ WKHLQVLGHRIDQDOXPLQD W)
ZLWKD PP GLDPHWHU H[LW KROH RXW RIWKHVRXUFH DOVR FR
PPGRZQVWUHDPIURP ZKHUH WKH KHOLXP H[LWV WKLV FDSLV D JU
GF GLVFKDUJHRI P$EHWZHHQLWDQG WKHQHHGOH 7KLV GL'
WKURXJK WKH FDSDQG JHQHUDWHY PHWDVWDEOH KHOLXP DWRI
VWDQGDUG FXELF FHQWLPHWUHY SHU PLQXWH VFFP OHDGV W
DOXPLQD WXEH 7KHVDPHH[LWKROH DORQJZLWKD LQFK WXL

SUHVVXUMRWRUU LQ WKHVRXUFH YDFXXP FKDPEHU

$ GHZDU RIOLTXLG QLWURJHQ VKRZQLQILJXUH LVLQWHJ
DOQGLVFRQQHFWHG YLD FRSSHU EUDLGV WR DFRSSHU FODPS KRC
FDS 7KLV VA\VWHP EULQJV WKH WHPSHUDWXUH RIWKHVRXUFH
ERURQ QLWULGHFDS HQVXUHV WKDW WKHKHOLXP DWRPV FROC

WKHP GRZQ WR D PHDQ VSHHG PV 7KHFRROHG KHOLXP EHDP



VNLPPHUDQG LQWR WKHPDIJQHWR RSWLFDO WUDS VHFWLRQ IR

JLIXUH &URVYV VHFWLRQDO YLHZ RIWKHPHWDVWDEOH KHOL
WKHFRPSRQHQWYV RI WKH VRXUFH ODEHOOHG DQG WKH GLPHQV|



	Abstract
	Dedication
	Acknowledgements
	Table of Contents
	List of Tables
	List of Figures
	Introduction
	Fine-structure Constant
	Measurement of Helium Fine-Structure

	Measurement Technique
	Introduction to FOSOF
	Phase Reversal and Line-Shape

	Experimental Apparatus
	Experiment Overview
	Metastable Helium Beam Generation and Conditioning
	Metastable Helium Source
	Two-Dimensional Magneto-Optical Trap

	Laser Systems
	1083-nm Lasers
	Detection Lasers

	Microwave System

	Data Collection and Analysis
	Data Collection
	Line-Centre Determination

	Systematic Effects
	Overview of Systematics Effects Studied
	Magnetic Field Corrections
	Doppler Shift
	Laser and Microwave Imperfections
	Microwave Power Extrapolation

	Conclusion
	Bibliography
	Appendix
	Table of Condensed Experimental Data


