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2 &K$L1(28,%(/2(,). L&H#LE#I%&12(./2.6&

72.8&M$I)(&IN2)ILHIE&MY%(/2(,).8&(18$/& N2. *(HO&(*&(L1&K.)(.!
5$)("&#/8*? &KSL(1&H#L&.N*./1(5.&$/"&5$>].)H&".L(/."&
J)*(,$%*(2).&, 2 #- I $8Y$+? Y& *?BI&H &SE2H* Vo) P &L .
$9%*(2).1&K$1(16&

QJI*&1*%(2*)HE2#*Yo# RSB (R).&*. 1*18$%.&RI1*&12$*&1.&/.."
& * 2%&-(1J*. &5(H)$* (HIL&HLE*?.&,%(/2(,).6&

This is easier said than done.
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Experimental studies of the Pauli Exclusion Principle (PEP for
short) bring us closer than ever to the conceptual boundaries of
physics, and to the very essence of science.

0(%1*&H#L&S))38$/&.N,.%(-./*$)&1*I" H&HLEMIM&-.$/182$%% H(/>8#I*& 1#-.&L#Y%-&

" * 258 #11(K).&T1-$))U&)$%>.UVES5#)$*(#/16

8/&*?(182#/* N*&1.&2$5.&L (%1*&*#&STWE 1#-. & (- HIU*$/*&XJ. 1*(#/1

| Y2$*&(1&(*&*?$*&1.&1*J"HU&T (L&(*&$&, Yok, . Yo*HEHL& (/" (5("I$) &, $%*(2).138#%
1#-*2(/>&.)1.UV

| 818*?.%.8$8-$7.-$*(2$) &L %0$-. 1H%WE*2$*&,%." (2*1&5(H)$*(#/ LULG/"&(L&*?.%.
"#.18(*&-$W.&1./1.&*#&1.$%2?&LH#%&5(#)$*(#/1U&

T1..&'$H #&HU>$/*(Z1&*$)WELHY& 1#-. &, $%*($)&$/11.% 186668V

It may seem strange that physicists ask this kind of questions, but tests of PEP have
always been controversial.
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VOLUME 78, NUMBER 22 PHYSICAL REVIEW LETTERS 2 UNE 1997

Properties of Particles Obeying Ambiguous Statistics

M. V. Medvedev*

Physics Department, University of California at San Diego, La Jolla, California 92093
(Received 9 December 1996

A new class of identical particles which may exhibit both Bose and Fermi statistics with respective
probabilitiesp, and ps is introduced. Such an uncertainty may be either an intrinsic property of a
particle or can be viewed as an Oexperimental uncertainty.O Statistical equivalence of such particles
and particles obeying parastatistics of inbnite order is shown. Generalized statistical distributions are
derived, and statistical and thermodynamical properties of an ideal gas of the particles are investigated.
The physical nature of such particles and the implications of this investigation for the statistics of
extremal black holes are discussed.  [S0031-9007(97)03281-X]

PACS numbers: 05.30.Dd



It /e, we admit ¢
/oprimaryO Bose-Einstein and Fermi-Dirac statistics a - +(12%.*.&5(#)$*(#/
risting. Assume now that a particle is neither a pure bc

yor pure fermion. Let another particle, which interacts v
;éle brst one, play the role of an external observer. Du 7?.85(#)$*(#/& 251838
the interaction, it performs a measurement at the prst >(5./&, YoHKSK () (*H&H#
ticle and identibes it as either a boson or a fermion \ K.(/>&#K1.%5."3&
yespective probabilitieg, andps. According to the resul ' SO

of this measurement, it interacts with the brst particle : - K$1(2%))H&*?.&J/".%)
the last is a boson or fermion, respectively. The prst 142?231 *(2&-#")&(1&
18icle, of course, is the observer for the second patrticle, K(/#-($)

(the process is symmetric. Note thiaf 1 ps is not nec-

essarily equal to one, and, if not, it means that the
ohd particle (observer) does not detect the brst pari

]. This model can be interpre
in another manner. Assume a particle can oscillate
tween two types of statistics, then the model we proy
represents a system of such particles averaged over -
scales much larger than the oscillation period. The pr

bilities pp and p¢, thus, are those portions of time di
ing which a particle resides in a Fermi- or Bose-type si

+H/$-(2%)&
%. (/*.%, % *$* (HI&HLE
)
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G))&*?(1&-.$/1&*?$*8*?.&$5.%6$>. & 2#H--J S+ (#/8%.)$*(HI&K *I. ./ &* 1#&,$%*(2). 1&(18&*?
$5.9%$>.&#L&

a aj+ ! aj+

aja’ +a a = !j; with probability py
+

aia; = !ij with probability 2 ppps

a, = !i; with probability pg

(6.63&

(Pp + PF +2popr)aia ! (P! pF)a & = (pp+ PP+ 2popr )i

1?7(2?7&2#%%. 1, #/" 1 &*#&*?.&" . L#%-."&2#--J*$*H#% &

pg! pf2 _ Po! Ps
(Po+ Pr)2  Pot Pr

aiaj+ ! qq” a =!ij with g=




8/8*7. &2#/* N*&HLE&S&L(-,). &K (/#-($)&-#".)&T(6.63&I (*?&/H&S)*.%/$*(5.&*#&HK 1.%5(/
HYO&SEL. Y- (#IV3&*?(1&-.$/1&*?$*

q=pPp! pr =11 2p

72.18LH%8$8., 1% &KHIHRAVEI &N, 2* & @ 3&$/"&LH%&$&, 1%. &L BOEH &
72(L&W(/"&HLE&S(H)$*(#18).$"1&*H#&*? . Yo-#"HI$-(2$5)&2#/1.XJ.12.1&(/&-J)*(,$%
1%$*.168&

72 & #I/1(".&(18*?$*&*?.%.&(1&/H&\OT&*?$*&". 1206 (K. 18&*?(1&1(-,).&127.-.6
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Comments

The Comments section is for short papers which comment on papers previously published in The Physical Review. Manuscripts intended
for this section must be accompanied by a brief abstract for information retrieval purposes and a keyword abstract.

Comments on testing the Pauli principle

R. D. Amado and H. Primakoff
Department of Physics, University of Pennsylvania, Philadelphia, Pennsylvania 19104
(Received 1 February 1980)

Particle identity in quantum mechanics makes it impossible to test the Pauli exclusion principle by looking for
“forbidden” x rays or ¥ rays. Such experiments do, however, test particle stability. Evidence for the
indistinguishability of electrons and nucleons is discussed.

NUCLEAR STRUCTURE Particle identity and the Pauli exclusion principle,
particle stability.
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| a$-(O)*#/($/1&*2$+&$%. & LH-- *06(2&1(*28%.1,.2*&*#&,$%*(2).& N22$/>.&(/&2)#1."& 1
2$//#+&27%$/>.8*2. & 1H-- *%HEHL&S$/HE>(5./& 1*$* 3&$/"&*?. %. L#%.8&*? H&2$//#*&2
1H-- *%(2&#%&$/*(1H--.*%(2& 1*$* &*#8$&1*$* .&##L&-(N."&1H-- *%H3&.5./& (L&(*&.
*? 0. &2$//#*&K .&.(*2.%8) $%>.&#%8&1-$)) &5 (H)$*(#/1&TS) ISH1& 2#) " L& (/&/H#%.)$*(

| 8L&*?.%.8$5%.&/H(".1%(2$)&.). 2*%6#138*7.18&*? H&L1?#)" & 1 2#18.],&$18$" (FH#I$) &,
$/4(,$%*(2). &, $(YLE&(/&, Yo" I2*(H&.N, . % (- FLE&T "#IK) (/>&H% &-#%. &H#L&2Yo#11&.1.
#K1.9%5."V

| *2.85,,.$%$/2.8#L&S™ (*(#/$)&,$%*(2).&, $(%1&I#])"&27$/>.&5(%*I$)&" ($>%$-1&)(
DH*(KI* & RRS&. *23&$/"& 2 $5(VH&(/L)J.I2.8*?.&*2 #%.(2$) &, %."(2* (# 1&T$>$(/3
5(#)$*(#/IV

| 1-$))&MIM&S(#)$*(#/18:2#)" &, #11(K)H&).$5.8.$&*%$2.&$1&..). 2*%(282?7$%> . &/H#/2
(1&$)1#&I/#K1.%5."
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127.-.6&

TH&K . ** %&I[" Y% 1*S/" & ?#|&*#&1.*& I, &P&2#/5./*(#/$) & 1 28maliAlidlations 3&) . *&J 1 &1 *$%

L%#-8\'&$/"&$&1(-,).&\'&-#".)& of small violations ,%# #1."&)#>&$>H&T@ANVEKHE&S>
$/"&cI<-(/
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INTERNATIONAL CENTRE FOR
THEORETICAL PHYSICS

IS SMALL VIOLATION OF THE PAULI PRINCIPLE POSSIBLE?

A, Yu, Ignatiev
and

V.A. Kuzmin
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G&0.%-(8&#12())$*#%&JI1J$)) H&PARIEEH) RIRF$°A0),
1(*2&S$/1(?()$* (H/&$/" &2%. $*(#&#, . %$*#%10&

1)

. 01 __00
0 0 10
In the IK model, three base statesO|O> , 1) , 2)
alol=1|1 alol=0
alll=1[2 alll = |0
a2 =0 a2l = 1|1

I"#$9%"#8, )+ (8=90& 7%S$(/(/>&: 2?74 26& @ABC@&CD@E

@C



alol=|1 al0=0
alll =12l a1 = |0!
al2l =0

a2 = 1|1

'$*06(N&Y%b.,%. 1./*$*(#/

.

or=" 0% ;
0
0

a = 1
0



72.8-$*%(N&Y%.,%. 1. *$*(HI&HLE*?.&2%. S (#I&S/"&SI/(? ) $* (#&H, Y6 #0187
1(-,). &HY%*2H>#/$) &K $1 (1

1 0 0 0 1 0 0 00
M]_]_:"O 0 @;M]_z:'lo 0 (ﬁ;, ,M33: O O @
O 0 O O 0 O O 0 1

Using this basis we can write all the possible operator products, up to triple.

IN$-,).0&
"0 1 0 010 0 0 !
a2="0 0195"0 0 1$5="0 0 05 =1Mgys
000 OO0 O 0 0 O



). $%&S/"&K ()(/.$%6&%.)$*(#/1&

a=(a)T= My + SMas;
a’ = [(aT)ﬂT = pMs;

ala= Mgy + 32M 33;

al = Moy + SM3;

(af)? = M3

aal = Mq; + 82Mas;

a’ = [(aT)?’]T =0;

aala= [afaal]’ = My, + 83Mys;

alal = :a(aT)2:Jr = [B?M 13;

a'a’ = :(aT)Qa:T = fMoa3

*05()(/.$%&%.)$* (#/1

And now, what about the commutation relations: are there any
bilinear commutation relations as in the standard Fermi

oscillator?
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BLE&*?. B8 &K ()(/.$%&%.) $*RRBE:-J*$*#% 8- 1* &K . &$&) (PBVEL/$* (#/&I (*2&
*? &LH)HI(I>&>.1.%$)&LHY%-

797"

C,a a+ Craa + C3l + ”C4a+ Csa + Cga’ + C- a ¥ =0

77.8* %-1&(/18&1XI$%.&KY%$2W. *18$*8%6(>7*&$%.&$))&) (. $%)H&(/".,.I" 1*&S-
$/"&*? HE HEIH&"., I"&H&*?.&* Yo-1&(/&*? &K%$2W.*1&$*&).L*3&*?.%.LH#%.

a=(ahf = M+ BMas; al = Mg + M3

a’= [(@)?]" = M ; (ah? = AM3,

ala= Mgy + 3°Mss; aal = M1 + 2Myo;

a’ = [(a)?]" = 0; 2l = [a(al)’]' = F2Mo;
aafa = [aTaaT}T = Mo+ 3Moy3; afa? = [(aT)Qa}T = BMos




7?./

O=Ciaa+ Craa + C3|
= Cy(Mgz + ! ®M33) + Co(M11 + ! °M o) + C3(M11 + Moz + Mgg)

" C,+ C3=0 | 1
»#cl+!2c:2+cgzo »{ 12 1j=11+12114=0
12C1+ C3=0 2 o 1

The algebraic equation has no real solution, only the trivial solution exists, and therefore
there are no bilinear commutators.

a=(ahf = M+ BMas; al = Mg + M3

a’ = [(aT)Q}T = BMys; (a)? = fM3;

ata= Moy + 82M33; aal = My + $2Mao;

a% = [(ah?®]" = 0; a’al = [a(a")?]" = f°Mo;
aala= [aTaaT}T = Mg+ B3My3;  afa?= [(aT)Qa}T = BM s
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However, it is easy to see from the M representation that the following trilinear
relations hold:

a‘a +1%aa’=1"2a
a‘a +!1%aa’=1%aaa
a>=(a)®=0

‘#%.#5.%38&*?.&/J-K.%&#,.%5*#%&(1

0 0 0
N="0 1
0 0
$/"&(*&1$*(1L(.1&*?.&I1I$)&2#--T*$* (#/8&%.)$*(#/1

IN,a]="!4a;, [N,a]=a



We can also find a more explicit representation of the number operator J1(/>&.XJ$*(#/1

a'a= Mgy +! *Mgg;
aa’ = M11 +! *May;
| =M1 + M2 +Mgs;

7?.1.& XIP*(#/1&2P/I&K.&1#)5."&*#&.N,%.11&*?.&'&-$*%(2. 1 & (6ZL &SN &BOR

fal 127 11 2gq7
a'a I “aa
1 1=41
I! a'a! aa® +!2%a'a
M3z = 11 1214
Pl e 4!

$/"&L(/$))H&I&L(/"&*?.8/3-K Yo&#, %S H#0&S1&S&) (/. $%6& 2#-K (/$*(#&HL&K () (/.$%10

N = Mpy + 2M3z3

I
= 1—51+64 (28I + (-1 +26%a"a+ (=2 + p%)aal
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OHI&]. &2#/1(".%&*? &LH) W (/>&*#HHE&-#" ) &TS) LH&(/*%6#" J2." &KH.
" %1*$/"8*? &YoH) &HLE*?. &5 (#)$* (#/&,$%$-.*.%&

H=Hy+ Hj;t = EN + 1V
V=a’a +aa‘+aaa+ h.c

1(*?28R& & 8EIR & & & &EEEEEEEEBE

41(/>8*?.&-$*%(N&%., %. 1./*$*(#I&HL&S))&H,. %S H#%1&I. &L (/"&

0 11+ "2) 0
H="11+"2 E "1+ "2)$
0 " (1+"2) 2E
| #

0o ! 0
"1 E I"$ =ZEN+!"(a+a)
0 I" 2E



A1(/>8*?.8&$, YN (-$*.&a$-()*#/($/&H/ . &L{E"
@6*?.&.1.%>H&.(>./15$)J.1&TJ,&*#&#/ E@ﬁ&&&&&&&&&&&&&&&v
| 2 |2(1| "2) | 2n 2

Eo= —; Ei1=E+ . Er=2E + —
°T E 1 E 2 E

C6 *?.&* %P/ 1 (*(#/&%$*. L& TL%#-&1*$/"$%" &,. %* IV KS* (#/&*? . #%HV

!2
Wy =2 g(l ' COSEt)

W()z:O

| 2
_ou2 T MSIFB () $*(/>8* %S/ 1 (*(#/&
Wiz =27 "= (1! cosEt) « V6S* &, Yot HYo™ (HI5)&PHE
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aa” ! ga’a=M1 +!°Man! My +!*Mgzs3)
=M+ (12! gM2! g *Msg

7?2.%.L#%.3&(L&I.&/.>).2424? & 8 & & 8&&&[O%+ BRY(/&*?. & & & REREZBRERID & B RE & & & 1IK
Dtt--J*$*(#&%.)$*(#/&LS)) 1&KS2WE(/*#&*?.&I11$)&127 .- &(L&I.&).*&

B =1+q
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VOLUME 59, NUMBER 22 PHYSICAL REVIEW LETTERS 30 NOVEMBER 1987

Local Quantum Field Theory of Possible Violation of the Pauli Principle

O. W. Greenberg and R. N. Mohapatra

Center for Theoretical Physics, Department of Physics and Astronamy, University of Maryland,
College Park, Maryland 20742
(Received 5 August 1987)

We generalize to a local relativistic quantum field theory a proposal of Ignatiev and Kuzmin for a sin-
gle vscillator which has small violation of the Pauli principle and thus provide a theoretical framework
which, for the first time, allows quantitative tests of the Pauli principle. Our theory provides a continu-
ous interpolation between fully hindered parafermi statistics of order 2 (8=0), which is equivalent to
Fermi statistics, and ordinary parafermi statistics of order 2 (8=1). We suggest two types of experi-
ments which can place bounds on .

I"HSV0"HE (JH(8=908& 7%$(/(/>&; 2?1 268& @ABC@&CD@E CF



We suggest two types of experiment to put bounds on
B. The probability of finding an atom in which an elec-
tron violates the Pauli principle is of order 2. In stable
matter, such electrons would long ago have made transi-
tions to the lowest allowed state; thus we do not expect to
observe x rays. Rather such atoms could be detected by
exciting them and observing their spectra. It will be
difficult to bound B? by less than 10 ™% with spectrosco-
py. Our second suggestion is to bring slow electrons in
contact with an atom and look for x rays coming, with
probability 82, from a transition of an electron in a high
Pauli-principle-violating state to a low-lying such state.

An cfficient way to do this would be to run a high
current through a metal and to look for x rays while the
current is running. This should give strong bounds on
B2. The old experiments of Ref. 4 are not tests of the
Pauli principle; indeed, no high-precision tests of the
Pauli principle have been made. Analogous experiments
can be made for nucleons in nuclei. We will give further
phenomenological analysis elsewhere.

We thank Palash Pal for discussions in thc initial
stages of this work, Shmuel Nussinov for raising stimu-
lating questions, and George Snow for suggesting the ex-
periment using a current running through a metal. This
work was supported in part by the National Science
Foundation.
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atl.5.%3&(*&*I%/1&#J*&*?$*&*? . &-#".) &H#L&BC&(1&P&/ (X&) (**)
KI*&(*&2$/#*&K.& N*./"."&* #&I&\07&9gg

H- 8HL&*?.8,YoK) - 18H#LE&*? &BC&H".)&$Y0. &2H--H#I&*H8&S))&127.-. 1&*?$*& (/2#%  #Y
N1-$))i&5(#)$*(#I&HLE&*?. G EF(1*(21& 241/ . 2% (#/6&

8*&(18& (- HY*S/* & H&IH*.&*?$*&$)%.$"H& (/& @A[D3&A%. /& Yo#5."&*?$*&*?.%.&2#])
$)*.%/$*(5.8"(12%.* & 1*$*(1*(21&12(27&72. SUFL*EH LR 1

Green proved first that common Fermions satisfy the trilinear relations

#ar,[as,at: hisar ! 1t as

$
a,[ag,a] =0




72.1.&%9%()(/.$%&%.)$*(#/18$5%. & 1$* (1L (."&K HE&H? FaBHHOANR * 75+ &,
$/*(2#--J*.

{ar,as}:O; .ar1aS :!rs

BUT they are also satisfied by those tha satisfy the set of trilinear relations

[
-

drdsd; T arasay

a, asa; + a;asa,

1
-
0]

2

araa + ataa = s + sy

which are incompatible with common anticommutators.

772.%.83%.&(/L(/(*.&#*2.%&-J)*()(/.$%8&%.) $*(#/16&$2?28& 1 *&#L& T (/2#-,$*(K)
%6.,%.1./18$&>(5./& 1 (*I$*(H/&I (*?&$&-SN(-J-8#22], $*(#/8/ h&K.%&



As a simple example, consider the situation where !"#"$3&*?./&
3 — 0
a'a? -+ a 20" = a

aaTa —+ aaTa = a

O#IB&/H*.&*?. &P 2* (#I&#AL&*? . &1.2#/"&* % () (/. $Y0&H#/ &M2I&5. 2*# %

(a'a® + a%a)|1l = a? a'|l! = a|l! = |0

i).$%) HIB &K 8:8 4818, 8. & & 8RR & 4 R)8. & & 8. & & BRISEFRE & 8 &E&
$//(20$*. &(*38*?./&$/H#*?.%8&5. 2*#%&-J1*& N(1*&1J2?&*?$*&

120 = a'|1!;  a?|2! = |O!



8/&$"" (*(#/&*#&*?.1.&-I)*(1*FBUBSL. %0- (#/X?.%.83$%.&FP) 1# SR #1# A& a#|.5.%&
Green’s parastatistics is ruled out by experiment, we do not observe these multistate
oscillators.

Y.&1. -&*HE&K . &(/&$E" $"8./"3&" (12%.* &5 (#)$* (#/1&$%. &/H#*&H#K 1.9%65."3&17().&1-$))&
$9%.8%2 #%.*(2$))H&(/2#/1(1*./1*6&

The proofs of inconsistency are due to A. B. Govorkov who explored these problems in
depth in a series of papers.

AHSHYOWHE:." 8+ 758+ 7. &80 (/. $9BB/&K . &I%(* /& (/&*?.&> . %$)&LHYH-

1" km A

&, &, ax]

[a,,a] = a,a + #a,
1?.%.&*?.&,$3%%$-.*.%1&2$/&K.&%.)$*."&#&8CZ1&

n 2 n 2 n 4
20 "2 LR
11 "2’ 11 22
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AHEHYOWHR."&*?. 1. 8&2H--J*$* (#1&%.)$*(#/1&$/"&*?.&$11J- *(#/18*?$*0&

@61 (LR(/(*.&$/" &< Yok
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This strongly restricts the allowed statistics, and provides a sort of generalized proof of

PEP.
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77.8.18*? #%H&)."8MHE) "1&23)) Y88, (H3&SMRS-,). &#L &nfinite statistics : 12(2?&
(1&*? &1*$*(1*(21&HL&(/" (1*(/>I(12$K).&,$%*(2). L&I(*2&(/L(/(*.&" >%. 1 &#L&
$/"&.12%,."QOH#SHUWHRIA(*(2(1-6&

The case %= 0, which corresponds to the “commutator”
o=
akady = 'k

a sort of average between a standard commutator and an anticommutator — turns out to
be specially important, because its algebra can be used to generate the algebra of the %
0 cases.
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This was decided in 1993, when Govorkov showed that the existence of antiparticles rules
out a “small” deviation from PEP even with infinite statistics.
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The existence of antiparticles seems to forbid
violations of statistics

A.B. Govorkov’

Laboratory of Theoretical Physics, Joint Institute for Nuclear Research, Dubna,
Head Post Office P.O. Box 79, 101000 Moscow, Russian Federation

Received 22 March 1993
Revised manuscript received 9 July 1993

I try to prove the impossibility of small violations of Fermi- and Bose-statistics even within
the nonlocal quantum field theory corresponding to the infinite statistics. The existence of
antiparticles plays the crucial role in this proof.

Since the existence of antiparticles is bound to the relativistic nature of a QFT, quon theory
cannot be a relativistic theory.
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| 1.5%272. 18 LHYOBAB0)(SALH+#,.1

| $/#-$)HI1&EYSHL&L Yo#-8&-$*.%($)1&12.%. &N/ [I&H#%&NL%. 12i&..). 2*%#/18$%.& (/R
1#-.&I$H

The first two kinds of searches have been inspired by the work of Reines, but
unfortunately the claim that they test PEP is flawed.
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L] WS In a small system with anomalous

wavefunction (because some of the
electrons or nucleons in it are those
associated with the n, rows) there
can be transitions with anomalous X-
rays, )&$ #*(+, -, 1., ['012
#3#$,4#5$6,3 #6'&0167., ,4*$$,1
$6'#, 8973#0'(: 7:'5 *.,( $6,6*:6
SI7THS(17$.#

FIG. 2. Young tableau for an N-particle system violating the
PEP. In the figure n, << N, N being the total number of boxes.
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Non-Paulian=transitions

U | U B R | P Non-Paulian process with high
- e - - energy y-quantum emission

(Ey = 18 MeV)

o [ o , Non-Paulian B~ decay
(Qg = 19 MeV)

B e g - o o e

- " .o o—oc Non-Paulian B* decay
e (Qs = 17 MeV)
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Identification of Beta-Rays with
Atomic Electrons

M. GOLDHABER AND GERTRUDE SCHARFF-GOLDHABER
Depariment of Physics, University of Illinois, Urbana, Illinots
May 8, 1948

The experiment is based on the following consideration:
when beta-rays are stopped in matter, their final fate will
depend on whether or not they are identical with atomic
electrons. If they were not identical with atomic electrons,
they would not obey Pauli’'s exclusion principle and could
therefore be captured into bound orbits “filled”’ with
atomic electrons. Their transition to the lowest orbit
would take place within an extremely short time and would
be accompanied by K x-rays, slightly longer in wave-
length than the K x-rays characteristic of the capturing
atom, because of the additional screening. A test for the
absence or presence of these x-rays can thus decide whether
or not beta-rays are identical with electrons.



0F)J#1(/>&" (1211 (#/1&1(*?&d%. ./K . %> GBS+ %6$ 38S-K. %> /" & [#1& 1*$%*."&
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Yolume 238, number 2,34 PHYSICS LETTERS B 5 April 1990
EXPERIMENTAL LIMIT ON A SMALL VIOLATION OF THE PAULI PRINCIPLE

Erik RAMBERG and George A. SNOW
Department of Physics and Astronomy, University of Maryland, College Park, MD 20742, USA

Received 3 November 1989

We have made a search for anomalous X-rays arising from a small violation of the Pauli exclusion principle in current carrying
copper. No such signal was found. From a minimal sct of assumptions we conclude that the probability that a new electron
introduced into copper would form a mixed symmetry state with ncspcct to the electrons already present in the copper sample,

thus violating the Pauli principle, is less than 1.7 x 102,

In the RS experiment, “new” electrons are not injected by a radioactive source — as in the
experiment by Goldhaber and Scharff-Goldhaber, but by an electric current source.
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Conceptually very simple experimental scheme, replicated — however, with much
better detectors and shielding — in VIP:

| ). 2%0%6#/1&(/R.2* "&KH&$& #1.%& 1], JH&T2J%%./*& 1#1%2 . Vb&(".$))H&*?(1&17
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| )$%>.&$%. $&2#/"I2*H% & 1*%(,&17.%.&.). 2 Yo#/1&2(%2])$*.

| )$%>.&$YRERHE" * 2+ #6381 (FR&>HH"& . Yo>HEY0. 1#) J* (#I38 #&" * 2*&$I"&, (I #(
S/#-$)#I1&EDSH



Unfortunately, “the devil hides in the details”, and here there are
quite a few difficult, and sometimes very conceptual, details ...

@61?7%$*&(1&U

C6 17$*&(1&P/&P/#-3)#I 1RESHU &

F6 ?#1&-$/H&12%**.% (/38L& &.%.U&

S6 1?7$*&(1&$&i/.1&.).2*%#/IU&

[6 ?#1&-$/HED/#-$)#I1&EVIH1&S$%.&*?.%.U&
E6 666&%/"&L (/3yHdB&oes all this mean?
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A somewhat better estimate starts from an approximate calculation of the
screening effect of the other electrons. a.%.&1.&2%)2J)$*.&*?.&2?3$%>.&(/1(".&*?.

HOOK (*EHLE*?.8@:&.). 2* BH QMBS R ("S*#-08&

ris 1 /2 ozr " 2zr "% 2zr”
[ (r)]* - Amr2dr = = exp —— — d =
0 2 9 do ao ag
E
=— Xxe®=1-5°%~0.32
2 0
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Eu! (Z" 0327°R; ; Ene! (Z" 0.64)FR, ;



Eu ! (Z" 0.327°R, ;

Eue ! (Z" 0.64)7°R, ;

ionization energies (eV)

C, 0,.(% Cog, 0,.(%
D9$8,78/% & 0 7%
C88(&* $ 1 ~u78% D9$C&’7&/ A H7a%
C &$H()'& % &$H()'&
H5%8% | #$& ($)&* #($
"y **’_l **##( **%_( ***$)

ionizationenergies from: C. E. Moordpnization Potentials and lonization Limits Derived from the Analysis of Optical Spectra,
NBS Pub. NSRDS\BS 34 (197)
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Z

2
E=~(8.05 KeV){ ) ~7.70 KeV
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6@0;49../07;K60;2@/0/7.,@6@0>5A/6L/50253/685A,01565M827685/8/=072@5
AGL/C+@=0;2@31/5C27.5

Y=Y Y

HF.Z-1 YL NP

This implies that the added electron has no specific symmetry with respect to
all other electrons in the atom and this is an additional assumption that may
not be true.

Moreover, this approach requires an 71<6'+HF procedure, it is not possible to
use existing programs without modifications
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THEOH- J* &*? &*%$SIL(*(#&.1.%>(.1&NSME&I*()(<.1&*?.&98))$2 B BBS* (#/
+%IRH2WE2WS>. & T'j+0VEKH&IARIERIN*&$)6&

Transition ' paulian  (€V) ' hont paulian  (€V) "nont pauian (HZ) (" nont padlian ! !! paulian ) (V)
2p1y2 " 1Sy (Ki2) 8047.78 7728.92 2.64# 10 318.86
2p32 " 1Sy (Ki1) 8027.83 7746.73 2.57# 10 279.84
3py2 " 1sys (K 2) 8905.41 8529.54 2.77# 10" 375.87
3pz2 " 1Sy (K-1) 8905.41 8531.69 2.67# 10" 373.72
3d32 " 2ps2 (Lio) 929.70 822.84 5.99# 10’ 106.86
3ds/2 " 2ps2 (Li1) 929.70 822.83 3.49# 10° 106.87
3s12" 2Py 832.10 762.04 3.70# 10" 70.06
3S12" 2Py 2 811.70 742.97 7.84# 10t 68.73
3ds,, " 1s 8977.14 8570.82 1.21# 10° 406.32
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We Need Both Exploratory and Confirmatory
JOHN W. TUKEY*

We often forget how science and engineering function. Ideas come
from previous exploration more often than from lightning strokes.
Important questions can demand the most careful planning for
confirmatory analysis. Broad general inquiries are also important.
Finding the question is often more important than finding the
answer. Exploratory data analysis is an attitude, a flexibility, and
a reliance on display, NOT a bundle of techniques, and should
be so taught. Confirmatory data analysis, by contrast, is easier
to teach and easier to computerize. We need to teach both; to think
about science and engineering more broadly; to be prepared to
randomize and avoid multiplicity.

0(/"&*?.8&%(>"

XJ.1*(#/g&

KEY WORDS: Exploratory data analysis; Confirmatory data
analysis; Paradigms of science and engineering; Sources of ideas;
Randomization; Multiplicity.

© The American Statistician, February 1980, Vol. 34, No. 1 23
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1. Anincomplete paradigm. We are, I assert, all too
familiar with the following straight-line paradigm—
asserted far too frequently as how science and en-
gineering function:

(*¥) question — design — collection —
analysis — answer

Any attempt to claim that this straight-line, con-
firmatory pattern is more than a substantial part of the
story neglects crucial questions (and their answers):

1. How are questions generated? (Mainly by quasi-
theoretical insights and the exploration of past data.)
2. How are designs guided? (Usually, by the best
qualitative and semiquantitative information avail-
able, obtained by exploration of past data.)

3. How is data collection monitored? (By exploring
the data, often as they come in, for unexpected
behavior.)

4. How is analysis overseen; how do we avoid
analysis that the data before us indicate should be
avoided? (By exploring the data—before, during,
and after analysis—for hints, ideas, and, sometimes,
a few conclusions-at-5%/k.)

I assert, and I count upon most of you to agree after
reflection, that to implement the very confirmatory
paradigm (x) properly we need to do alot of exploratory
work.
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Neither exploratory nor confirmatory is sufficient
alone. To try to replace either by the other is madness.
We need them both.

2. The origin of ideas. Reorganizing the early stage
of the last paradigm can help us understand better
what is going on. What often happens is better dia-
grammed thus:

(%) idea — (

question .
) — collection —
design
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