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1. lNTROD[ 1(’TION
WL” hilVL’ mmsurd IIlc prtnluction (d’ l’XCilLm(l lKmUlrill

hydrquvr 111(IIIIs in iI Iilil by slmlying Ihcir suhsqucn[ Iicld
innizillitln in il lllil:2flLY. TIIC l-oil [hicknrsscs wcrr

L“tMlllliWilblL” 10 [h(l!”l” Iwing USL’(1 ~tw illjl’di(ul inlo cxi~l iq!
!il(~rilgt rings urd 1{1Ilul.w’ king considcrd Ilw Slllril# rinks

;111111’IIL’XI ~cncrnlitm fll !ipilllillillll IIClllnlll Stlllrxlvi, ‘I’ll:
Iim’ilr licld grwlicnl lllil~llt’1 hid il Iidd SllillX” sinlil:w It) [Ill’
Irin}!r llL.ld iu :1 ring -lwnding lllil#llLs[. This r ..pLSIimhml

LX1lllkiillLml![tl(’ L’[l(lrl!i {If Ihr IIIXII(ILI sl(Iril)!L” i{in~ [1’S[{)

(l~vl’[()[)ll]l”nl ~TLlll[l ill](l ii h;l\iL” ~SL’ilTL’11 l!.T(IIII1 [Ilill llilS IN’L’11

dt)illg ilCCL’ICr.l[!ll ..[\ilSL”ll il[l}llliL’ phySiL’S rl’sl”:lrcll ill i AIS

Alillll[\s USillp lilSL’r i(lll ~ld!idillg hL”lllllS [or lhL” llil~l lWLWl~
yLwrs [ I 1.

‘]”hL” l’XpL’lilllL’111 lt.t}k plW”L” :11 lhL’ I Ilgh ~L”\lllUlhIll

Ahnnir l\ L’iIIII I;nri[ily :11 1.AM1’1~ WhCI”L’ ;I “lil~(Si qudily’”

L“X[l’rllill II [M”illll k il~;lihll)[L”. ‘1”111’lWillll hinL.lit. tvwr}!y (milll

h ~iiliLt(l Irtutl I(H) M(-V II} X(N) ML-V wilh lvl)iLm;ll IN-:llll

Il:llillll(’i l-r\ Id” .1 111111%[10[ \i/.L’, l[n~ ~111111diVL’rJ!l”llL’1”, :111(1

[),l)5t;4 /ip/lt. \Villl qwt. inl lunin~. Ihrw p;u:uuu[cl %L’;II1 lw

illlprlwctl I(I . [) f Illtn qltd till., - I [) ~lrnil {livrl~wnl’r :111(1

Grm.hnl
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When a hewn of 11- inns %Irikcs ir foil, some ions il~
s[rippd of holh clecmms [o hccomc protons (H+), some m-c
slrippd of orw chxxron tu heconw hydrugwr ilbms (1{()),
imd !imnc ~i~s~ lhrnugh lhc (oil unsc:~thed, Al !hc roil

lhiddwss 01 inlcrcsl for irrjccliorr. m)sl will hc H+. Some
ld’ [he I l“ will he pr(duccd with thr hound dmwon in iln

cKcilcd !iI:llc. Tht dislrihlllitln of these chuild slill~!+ wn!i
Ihc’qUilnlity [I} k dLWrlllincd hy this uxpcrimvrl.

\~hL211[hL’ 11° L’llkr il lllil#llUtiC ii~ld. [h~~ WC SUhjCCICLl

10 ii molil)ml[ L’hylriu Ik?hl in lhrir rml frmw. Thi$ fic]d is

@VL’11h~
F = (.lxlof))~i ~ N. (1)

W’lk’rl” F is in V/Ill illlll 11is in IL”SI;I. “l”llL’s~lllh(]ls y ilnli 1]

ilrL’ ilk’ IIShill rL’[iltikiS[iL’ pilrillllL”tL’r\ 01” ItIL’ lkillll. I:l)r ;111

N)()-ML.V ~11(1111,[]4).N42 ill](l ~= 1.R5. “l”husii milgn~[l~

fiL’h! of I ‘1”Irilll!$tilrllls [11illl CILW[riC ik’kl I)( 4.7 MV/m ill

ItIL’ 11~[ friUUL.1)1lhL’ :I[olll.

This inlCn!il’ L“kYtriL’ [iL’hl L’ilUSl’h Itlr il[t)lll 10 kc{mu?
1111Slil[ll L’ SillCL’ lhC Lhk%’tr(lll Cilll illllll~[ (111[ itlrlW&!h i[lL’

plk’lli iill hilllil:r, hlllil.illitlll Will l)lllL’L’L’Llrilpid[y ill :1L“ritiril[

fh”ld ~!ivm. 10 first (Irllc”l. hy

1: [v/,l,l -- ~.1.12Y loll1“ WI “
(.?)

whmLs Ii is [hL. prillcip:ll qkmnlunl Illllldwr [11”lllL’ spllL’l’iL”ill

S[;lIL%,

ill [tIL’ IVL%:.IICL’ 111”;1 fidd. lhLJ SIIIILS%will} drfinilr

lili’!illlL’ illl” [I:llillltdil’ \[il[L’S lL”[M1’SCll[l’d h)’ :IIL. tlll;lll[lllll

llUlllhLT\ (1) I. Il.?, Ill) I ,\l, ‘1’hCSl” ;IIV lL”lilh”l[ [(1 lhL- S@N”riL’d

\l;l[L’\ [11, i, Ill) Ihl”(llljrh IIILS( ‘[L+W”h ( illtlhlll L’[K’[fi(’il”llt\.

The principid qmmlum numlwr is relil[erl I(I the piirahnlic
(pillillllll 11UIIIIW13 by

n =nl+rq+m+l. (3)

II, TECIINIQIIE
WC sludi~d lhLm CXL’ilLll Slil!L!S using :1#rilJiL!lll Illil# IIL’I

with ;1 fiL’[d Illill iricrL’ilSL’S Iinmr]y wilh dislillltl! ill!lll~ lhL’

h’illll lillC. WhL!II il ~iVCIr 11’) s[il[L! rCiW[lL% lhC L’1’i[iL’il[ flL’111.

piu’11 hy LYpillilMl (2), il is S[rippd illltl lh’ rL%llhirr# 11+ is

Iwnl in IIIL’ AIIWIISIR!IIIII lllilglk’li~ fitjld. “l-IIL’ lTlilgllCl is

I(llhml!d lly il drift rL.gi[m ilnll lhL.n il dU[L’L”l{lr SyslLW1.

Knowinp [h~. fiL’111 Ill:lp of [hL” lllil~lll’1, wc Cilll lhL’11

rLYl)I’ISlrllL’[ [hL’ kill :1[ Which il p;lr[iCll[ilr I lo i(Jlli7,L’l! Thih

Irchni(pw d [his !+illllL” lllil~llt!l Ililv(’ km usLd prLwi(m$ly

[(t SIUIIY lhL” i(lllilillillll prlll)ilhili[y {1( Ihr 11”~r(}lllld !i[illL’ il!i

il funclitm (II’ liL”l.1 [-!1.

‘1’hL’ ilppilr;l[LIS L“(UISi%kL! llf [k’ ~oi I hl)X, [tIL” ~ril(liL’111

lllil#llC!, il 5,27-111 tli;!lll P:l[ll 1111(1ii I! L’[L’L’1(11’ SVSIL’11). “1’hL’

ll(lt~r lilyl)UI is \lll}Wll in I;ig, I , “l-h(’ dL’[L’dor S~S[L’111

L’(ill SISIL”(l (} I :1 scinlillilltlr lCIL’sL’I)pL’, il Iilulli-wirr

pr(q~[wlilmd c“hill]ll~r (MW’IK”), illld ii s~illllling scill!lll:lh]l,

‘1’hL’ Willlillillllr lL.lL”SLo{lpL’uwm lllL’ LW[iI’C lN.illll St, [Ilill lllL”
rqpl.rimL.lil Cilll IN’ prtqwrly Illlrlllill i?.1’(1, ,Slilll(lillll lWillll

lll;l}!ll~l\liL’S :11111 IIII;IS1’ \!}ilt”L’ l~lllllllll)! lllJllilril[U!+ ilrL” 11[11

%Ilown.

“1’IIL. ~r:ltliL.nl IIIm!n L”l is n Il:llf (Illil{lllll)olt” Iurnml

sitlcwny~ 1[1IIIIS hcm. ‘k IILS;I:I1(“llll”l\ [Illoll}lll il [ll)il” ill

lhL” rwurn y(lk :UIII 1111”11wl(xmnlrrs il L’l”rliL’ill lll:ljlll(’[lL” I“irl(l

WINWC wrrn~!lh lllr P.mil%L”Nlinrnrlv wilh .Iisloucr. ‘1”11(’

Ill:lkilllll!ll Ii(’hl ilVililllhh’ i% I .() “1”;Illll ![IL’ 11’11~.lhIll lh(’

~l”illlil’111 lL-j!lllll i~ [). ? 111.
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The IJiIIiI are mwdyzd using [hc ll:~lnhurg-Kt~l(Js(~v

( DK) Ihrmlism [5]. DK represent the unsmh[e ~ti~te~ as

Iheit-Wipncr resonances and give o timnulti lnr the widths

in hmns d- the field. thr Sturti-shificd energy of [he s[otc,

:~ndIIw pimhd ic (Iuiiilluill numbers. The S[;wti mwrgy ld’

Ihc sliIIL’m! UIIICLI[;IIL?LIfrom filth-tmlur pcrrurh~uim hL’llr)’.

W1’ hilVL’ IcSILX] lhL” I)K ((Wllldi!4111by C(}lllp:lring I()

CXiKl llUlllL’rk’ill L“illClllilliollS. TIWSL’ ll[lnlL’ri~id UillCUlillil)nS

wcm \ L’rillL911 in ;1 llrL-VkNIS L’X:MTill]L!Il[ \dlLmrL’ WI’ USLYI il lilSCr

I(1 CXL”i[L! lh~ S[ildi S[il[L’S [01. WL’ i’(mnd 1!1;11 Ihc I)K

unwgiL*s WL’ ih”L’Ul_:l[L’ I(J [).05’+ illld IIIL’ I)K widlhs ~lrL’
iktllr:lk! h) Mlcr IIlilll 20’X iu IIIC rcgilm 01”inlcrml.

our iln:llysi~ CINIL*starls wilh ,1 pivun Llislrilwlilm III’

L’xL’ilL’Ll\liilL’\, l“inds (NII \VhLVL’ Ihcy itlnilc using lhu I)K
f(lrlll;llislll. illli[ [hLql irilL’Lm+ilhL! ] 1+ lril~CClllriL’\ Ihrl)ll)!ll lh~

Ill:lpllt’1 illl(l inlt) Ihc Llclcct(r. ‘1”111’input p:l~illllL”lL”r!i nrt. Ihwl
Vilrirll usin~ il 11(111.lillL?iU’ [q Uinli/.illi(m l“ILLIL’unlil ii llLv+lIll

is (Ihl:lilw’d. M:lny of ltw sl}([WllrL’ !iIlhrolllims were
~lLwrhqwli in :1pwvit)m scrim [11It}il cxprrilnL’nl~ 17].

Ill. 1{11s111.’1”s
‘III(’illl:ll~!4i%prt)~!rillll is slill Ilcinp Illnml lq), w) prw’im’

llUlllbLSl\ ~111 [hi’ (Iislliilllli(lll (1[” $I;IILSS WL’ 11(}1 ~L’1 [11’ilildllL’.

~L’ L-iIll SCL” Ih;ll [h(’ LmXtil{’(1 S[illL’h Ihil[ (“;111h’ S[rippL’L[ Ill [hL’

(lll\V1lS[l’L”illll lllil~ll~[ ilrL’ ;Ih(llll I ‘ ; 11[”IIIL’ III CIIILV1[[lL’[lIll.

“1’hih i~ L’lltlll}!ll 1(} L“;lllh’ SUI i(m\ I“iml [urn lImL.s 111Iligh

L“lllllvll \l(lrilpL”rings.

A Iypil’:!l lliii;l WII i% SIIIIWI1 III I;ig. 2. A[ ibis [iuw.
\\li bL”llL’L’l’ !Ilill lhL” ~tl;lr’p l~Lh:lkIl(”ilr K.: I “/.5 L’111 i~ hlllll i(llls

:IIII! 1101 ;111L“Xri[L”l[11’) !+Iilll’. AI” ILUWhrilk’lillg Ihik l~ilk, lhL”

rxl’ilwl \lilll’!, ilrL”(“(lllsislL’lll with il %Iilli%lit-illdish ihuli[w in
\YlliL.11\lll) \lillLS%~lrL-[Nl[llllil[LYl L“llllilllV.

IV. 1;[1’1’111{1; WORK

WC ;lll- plnnllill)l :111illqmnrd L.xlwl illwlll 1“!11111(”1;111tll

I cl’)1. .1”11(”Ill’ I r\l\(vimwl will ll;l\’{” il hfWIY . lilmll’rltll
\!,illl [;ll~!~.1 ;ll)l,ltllr~i :111(IL-ill}~l[llL.111 hlJ!hl”l l:l[(c\ All

Illl\ll(’illll l,l\l.1 IM’;IIII \vill Ill. IIWYI Ill 11111(111(”1’11’) ill ;1 \v(”ll

lktlll(’li \[;lt{G WI Ih;li \V1. 1“;111Il;lt h tilt.111 Illl(lll}!h ihL’ lll;l~tll~!.
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‘.\\ll’lllJI Ii” 1.11(’1”1’.
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