the
abdus salam
international centre for theoretical physics

4 . 1964
@annlversary

2004

SMR.1580 - 32

CONFERENCE ON FUNDAMENTAL SYMMETRIES
AND FUNDAMENTAL CONSTANTS

15 - 18 September 2004

EXPERIMENTAL CHECK OF THE PAULI EXCLUSION
PRINCIPLE - THE VIP EXPERIMENT

C.0O. Petrascu
LNF-INFN Frascati, Italy

strada costiera, | | - 34014 trieste italy - tel. +39 040 22401 | | fax +39 040 224163 - sci_info@ictp.trieste.it - www.ictp.trieste.it



;ﬁ" !
Catalina Curceanu (Petrascu)
LNF - INFN

for the VIP experiment

Conference on Fundamental Symmetries
and Fundamental Constants
15 - 18 September, ICTP Trieste




Content

From DEAR to VIP...or how everything started
The scientific case

Principle of the experiment

First experiment of the kind: Ramberg & Snow
Preliminary results obtained with a test setup
The VIP experiment

Plan of the measurements

1.
s
3.
4.
5.
6.
Zs
8.

Instead of Conclusions




1. From DEAR to VIP....or

how everything started
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DEAR = DAFNE Exotic Atom
Research
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Experiment at LNF — INFN,
Frascati 1996 - 2002
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= The scientific aim of DEAR I

the determination of the isospin dependent
KN scattering lengths through a

Vi e Ve Aot e A Y B )
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~ eV measurement of the shift
and a
few percent measurement of the width
of the K, line of kaonic hydrogen

and

the first measurement of kaonic deuterium




Kaonic cascade and the strong
interaction

K, ~ 6.3 keV
- AEZp—>ls




Resulting K'p Spectrum (2002)

(all background fit-components subtracted)
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DEAR Results on Kaonic Hydrogen

repulsive < i » attractive
KpX (KEK)

i M. lwasaki et al, 1997
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Davies et al, 1979
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2003 - DEAR is finished
(->SIDDHARTA continues scientific line)

We are left with an excellent X-ray detector
(CCD)

@ Idea. search around for other types of

keV and rare events:
VIP is getting born!
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Disclaimer:

By no means complete

Represents more an invitation to this

very present community for a future
[fruitful collaboration!!!



Copyright 1997 Randy Glasbergen. www.glasbergen.com

“Class, I’ve got a lot of material to cover,
so to save time I won’t be using vowels today.
Nw Its bgn, pls trn t pg 122.”
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The spin-statistics connection

Commutators lead to symmetric wavefunctions and

symmetric wavefunctions lead to the Bose-Einstein
Statistics

Anticommutators lead to antisymmetric wavefunctions
and antisymmetric wavefunctions lead to the
Fermi-Dirac statistics
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The spin-statistics connection

Nt Vi ot it A A

Particles with integer spin obey the Bose-Einstein
statistics

\

\

‘\

Particles with half-integer spin obey the
Fermi-Dirac statistics

\

(W. Pauli, Phys. Rev. 58 (1940) 716)
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= * Iwo or more bosons may share the same

= quantum state

\
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» Degeneracy pressure maintains stability of white dwarfs
(electrons) and neutron stars (neutrons)
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a Pais: : i
“inward Bound” by Abraham Pais 14 Maggio 2004 , Frascati
Thus by August 1926 photons and electrons h.ad bt:;-}en e
in their statistical place. What about other particles Seminario di

L.B. Okun

ITEP, Moscow,

el --:-: 3.15 ::\1- -I,.-.e BE

nobies 73
qgesis diphiea

“Testing Pauli Exclusion Principle”

Oh if you knew the way that
poems grow
From bits of rubbish, knowing

no shame

(Anna Akhmatova, “Creation”)




From Lev Okun’s slides

Spin-statistics connection for elementary particles

PEP, Lorentz group and CPT: Luders (1954), Pauli (1955);

SSC in QFT: Pauli (1940, 1950), Luders and Zumino (1958), Wightman (1956 —
1964), Schwinger (1958 — 1961)

CPT, commuting bosons, anticommuting fermions have positive energy,
antiparticles without Dirac sea. Started with Pauli-Weisskopf 1934;

Greenberg (2004): Lorentz covariance of vacuum matrix elements of time
ordered products of fields implies local commutativity.

All these basic symmetries are questioned at present
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“In an increasingly complex world,
sometimes old questions require new answers.”
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Part of the list
of references in

I. Duck and E. C. G.
Sudarshan: Towards an
understanding of the spin-

statistics theorem, Am. J.
Phys, 66 (1998) 284.




There are theories which:

Theory: push the limit in the region of particular
interest: example: the validity of Pauli principle in a higher-
dimensional spacetime — small violation in the

3 +1 dimensional; or strings and superstrings etc. — violation

of Pauli principle in this range

“More recently ... membrane theorists have been speculating
on a large compactification radius for one of their eleven
dimensions, which could give a ratio (for PEP violation) of 10

30 [1]

; - [1] L Duck and E. C. G. Sudarshan: Towards an understanding of the spin-statistics theorem,
' Am. J. Phys, 66 (1998) 284.




Feynman Lectures on Physics

P This brings up an interesting question: Why is it that

$ particles with half-integral spin are Fermi particles (...)

- whereas particles with integral spin are Bose particles (...)? |
We apologize for the fact that we can not give you an

 elementary explanation.

| An explanation has been worked out by Pauli from
complicated arguments from quantum field theory and

relativity. He has shown that the two must necessarily go
ogether, but we have not been able to find a way to

- reproduce his arguments on an elementary level. It appears

. to be one of the few places in physics where there is a rule
which can be stated very simply, but for which no one has
found a simple and easy explanation. (...)

§ This probably means that we do not have a complete

| understanding of the fundamental principle involved. For

' the moment, you will just have to take it as one of the

 rules of the world

e Ay - - -
e st} - , L _
& Copyright California Institute of Technology . ATl rights reserved.
Commercial use or modification of this material is prohibited.




3. Experimental check of Pauli
principle — focussed on electrons

(VIP)




Tests of PEP for nucleons

Search for non-paulian transitions in ?>Na and %I

R. Bernabei?, P. Belli?, F. Montecchia®, M. De Sanctis®, W. Di Nicolantonio?,

A. Incicchitti®, D. Prosperi®, C. Bacci®, CJ. Dai¢, L.K. Ding¢, H.H. Kuang¥, ] M. Ma¢

* Dip. di Fisica, Universita’ di Roma “Tor Vergata” and INFN, sez. Roma2, 1-00133 Rome, Italy
® Dip. di Fisica, Universita’ di Roma “La Sapienza™ and INFN, sez. Roma, 1-00185 Rome, Italy
¢ Dip. di Fisica, Universita’ di Roma IIl and INFN, sez. Roma, I1-00185 Rome, Italy
4 IHEE Chinese Academy, P.O. Box 918/3, Beijing 100039, China

Physics Letters B 408 (1997) 439444

NEW EXPERIMENTAL LIMITS ON VIOLATIONS OF THE PAULI EXCLUSION
PRINCIPLE OBTAINED WITH THE BOREXINO

- COUNTING TEST FACILITY.

By Borexino Collaboration (H.O. Back et al.). Jun 2004. 10pp.

~a» Submitted to Eur.Phys.J.C ;
= e-Print Archive: hep-ph/0406252
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Tests of PEP for electrons

N Vet Aot e st At A A

~= 1. Search for non-Paulian atoms, e.g. anomalous Ne or
anomalous He (paronic helium)

\

\

I = 2. Search for anomalous X-rays (they signal
, transitions to "anomalous™ states)




B 1 1s3p 3

Search for paronic helium
(Deilamian et al., PRL 74 (1995) 4787
calculation in Drake, PRA 39 (1989) 897)

Allowed Paronic

States
{Permutation
Antisymmetric) Symmetric)

8113.88 Mhz

3

Laser
Controller

|.t’u'" Laser |—-—

Ti Laser

Frequency-doubled

beam

Low Pressure

Discharge

Attenuator

Wavemeter

Cr Cube

|

Power meter ;
Voo

Lockin

detector

Retrorefelecting
Mirror
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DEAR experience:
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CCDs = excellent detectors for X rays




Search for anomalous X-rays

2p

Is O

Normal 2p —>1s ~ 2p —>Is transition

transition violating
Pauli principle

==
|
—_—
—
—_—
—

‘\

\

\,




Experimental signature of the
anomalous X-rays

2p o ©

:

i\ Ve Ao B A A

\
|

Is O

They have the energy displaced with respect to
the “normal” one (~ Z-1)
-> g1ves a specific signature

v

V2




4. First experiment of the kind.:

Ramberg & Snow

Ramberg e-mail: It is a pleasure to hear from you about this topic. I had such
fun doing it. I worked on it as a graduate student with George Snow, who

has passed away now. It was done in the basement of a building here at Fermilab
with a fairly high current source (50A or so). We got a lot of publicity about this
experiment....




The experiment of Ramberg and
Snow (RS)

Detector calibration

X-ray a00 |
F
\ detector \ b °

\\ Cu strip AN

N\

NUMBER OF EVENTS

Experiment performed in the
Muon building at Fermilab with
. - a prototype setup

~ E. Ramberg and G. A. Snow, Phys. Lett. B238 (1990) 438

0.75 1. 1.25
ADC COUNTS




m}%{;l} .4.. Ii transitions in Cu (~7 6 keV

) winstewad Of 8.05 keV) generatedby .

the transition of one electron (from the

200

;ml AN L current circulated in Cu) from 2p to ls .
1] ” ﬁalreadv ﬁlled bv 2 electrons . -

l

llll]llllllll].l

et Indelicato — for the prec1se calculation
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In contact with Paris group — Paul

1‘"”|""I""l

=

¥-RAY ENERGY (keV)

Fig. 2. (a) Number of triggers summed over 100 ADC channels,
plotted versus equivalent X-ray energy with current-on in copper
strip below X-ray counter. ( Note the points are separated by 50
channels, so that only every other point is statistically indepen-
dent). (b) Same as (a) but with no current passing through an
identical sinp of copper. (¢) Difference between (a) and (b)
after normalization at the 9.5 keV point.




Theories of Violation of Statistics, O.W.
Greenberg (2000) hep-th/0007054

1.4 Parons

Fellovor e lenaticy and Buvzwin weo antroduced o paranocter & that siees the de-
formatwn of the Green trihnear caommuatatwin relativens Far 23 — 1 the elatwns
reduce to those ol the p = I parafernn field;, for @ — O the double occupancy is
completel: suppressed and the ¥ 13 equivalent to a fernok theors

statz of two parowic zlectrons th: violation parameter 3273

| c¢hecked that the norms are posi r statez of up to three part —;
stage e werm carrved amay with enthusiasno, sanesd tThese particles " parons” snce
their alpebra iz a dzfomnaton of the parastatieticz abeebra, and thought we had
trmnd a lowal theore ordh zmall vl tion 2 the Foliaon priwciple [Takamg o toonx
Suvrko 15, wzing a delaided abkebraic aspwnent, already had shown i genzral-
mx that any ddenootion of the Sreen commnmutoton relotions necczsnnly hoa slates
with necatres: squared aorws i the Focl-like reprezentation. For our neodel | the
firzt such negative prebabilitr stata aocurs for Jowr partscles in the mpresaadation of

G4 vl Uoee Tamees an Uee Dol row amd coe e Uee zeom]. We were abde W oaaedz -
stand Govorkows’s resull quaktatiecel as :I-ﬂllﬂ"ﬁ'i‘::la] Lnce parastatictics of order p

iz related by a Blein transfornoa tion to 2 saodel width exact SO0 or ST(p) interwal

svinmoelry, a dehbvation of paraslabislaes wloch isterpolales Delbween Ferng and
paraferwy statiztics ol arder beo would be equirvalest to nterpolating bebean the

trrvial group whose owly ekemend g the identity and a theory with 5002 or 50(2)

mlermal svmow by, Ths s oo possibde, aieee Uwere 55 0o sode aber pelating, proop




Data analysis in the RS experiment

- _ Number of “new” electrons: 1
Pt N, =— [ I(t)dt

» | Number of scatters just below (in front of)

- » | the detector: Nint = Cl’lClWl/mfp =D/[.L

~®* | Capture probability: > (1/10) scattering probability

_| Useful solid angle:

| Fraction of ‘““visible’ current:

-~ | Expected number of X-rays:




1 N.
N, =>—fB*N —int _ I(H)dt =15.44-10° C
X 2 [)) new 10 { ( )
B*(ZIAt)D D =0.025 m
GrEY u=39-10" m

0=896-10" kg- m™

Vel e R A S )

\

\

o=10m" kg™
z=15-10" m

N, = $*(0.90-10*) /

B%/2<1.7-107°(>95%C.L.)




5. Preliminary results obtained

with a test setup




3 CCD setup installed 1n the
basement at Neuchatel
(same principle as R&S)




Measured spectrum

Counts (49.2eV bin)

~—— ECPOA_1_enH

cch 1 332 h

Counts (49.2eV bin)
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6. The VIP experiment
Violation of the Pauli

Exclusion Principle




o
VIP Collaboration:
LNF- INFN, Frascati, Italy l/x
INFN, Trieste, Italy
IMEP- OAW, Vienna, Austria m

IFIN — HH, Bucharest, Romania ”




Actual DEAR setup

equipped with 16 CCD 55-30
_= Target and cryogenic
.-
| setup layout

Amplifiers

«——Target cooling head

Turbomolecular pump

14

e

|

En:l:lf_

Target cold finger |

Vacuum chamber——

External shielding

(Pb,Cu,Al) >

Internal shielding

(polycarbonate)

©

[

CCD cooling
heads

—

s

CCD boards
CD cooling line

CCDs

Cryogenic target
Kaon entrance

window



the cryogenic setup

CCD-55 detectors positioning in




Present (April 2004) CCD status

Ti K& FWHM [eV]

o)
164.9912
154.609
164.8449
137.6652
175.8235
206.3519
221.9715
152.7059
198.6705
150.4683
227.9897
142.0626
135.5815

o T 7 T

Eniries 136436

Megr
RIS

1400

1858+
540.4 4

Findf 6890, [ 481

Constant
[TERL
Sigmet

1081, ]
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The new “target-cell” —
copper bar, spiral — of High current,

the VIP experiment ultra low voltage
power supply

) ) Cooling

CCDs

Thermal
insulation

20 um mylar +
1 um Al




With respect to test-setup at Neuchatel
(duration ~ 3 months):

FWHM (7.6 keV) =170 — 200 eV => factor 2

CCD surface = > factor ~ 30
Current: 50 A (factor ~5)

For 1 + 1 years of DAQ:

factor 6 signal
factor 25 background
Background reduction ~ factor 100 (Gran Sasso)
(~ 2 counts/day in 1 FWHM at 7.64 keV)

B2/2<107"
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Plan of the measurements | '

Till the end of 2004: test run at Gran Sasso laboratory
- with a 2CCD test setup to check the background level

Beginning of 2005: transportation and installation of
the VIP setup at LNGS;

Debugging and calibration

- Start data taking

Early 2005 — end 2006: DAQ (alternate periods of
“signal” (with current) and “background” (without

current) data)
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John Bell

Six possible worlds of quantum mechanics
- (1986): ‘ ‘ ‘

To What extent are these poss1ble Worlds
fictions? They are like literary fiction in that
they are free inventions of the human mind.

In theoretical physics sometimes the 1nventor§
knows from the beginning that the work is
fiction, for example when it deals with a
simplified world in which space has only one
or two dimensions instead of three. More
often it is not known till later, when the
hypothesis has proved wrong, that fiction is
involved. When being serious, when not
explormg dellberately simplified models, the
heoretical physicist differs from the noveli
in thinking that maybe the story might be

s,
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Lev Okun in the lab

= “In spite of the fact that at present
. we have no theoretical self-
. consistent framework for a
@ description of violation of charge
. @ conservation and/or the exclusion
~®® principle, I do not think that

= 9 experimentalists should stop

: - testing these fundamental
: ; concepts of modern physics.
_-@» In fundamental physics if

- @ something can be tested it should

@ (Comments Nucl. Part. Phys. 1989,
@ vol 19, p. 99)




Please stay tuned!
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