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A ntibunching

A ô , ct h ó btm ô g eeeet ¤ ô ± m u se- d h q-dd m d m ihil aM OR TSM a: ( k b 3 ) m

mvem Á ted . Using dze nume×t eal me² £d , m have ' " died dze id uenee- d the q-pa z mete dd om ¤tion m
ú d Ø ô º Ì " " = 3 . 'IK rØ 1" ú " " ¤ û Ø Æ , d a ; Í ibá m bm chù d M ë Ø

z = l z l 2 . i . e . É e intem tty d the om Mator m r dd om ed eobm¡ Zt ssate , m m vaI u- - d eed ahz iZEta ¸Fads -

MEd tbe d ect m evide,ztl y id ueneed by the vd ues d pa m eter q . m m the Mten- iw d the q¤¤dd om ed

liå t h ld h ehm eed -m Ö ' " ² d y . " 'e EUCMam -z d ² e pboton m mbe m tbe lieht ad d is chaEØed

bew een É e elam ed ( or quazzum ) and dze m m M n ( a cla- -i cal } peepm m aItem a ive17 ¤

Key wo,²

1 Introduction

h the paa few yeg Ê , much work has been devoted to qum tum e ÷ Òp versions d usual u e

( super ) al gebras , i . e . qum tum p ups , and thei r appl icati ons to many domai ns i n physics and
mathemati cal physics[ t- Ô . m ese al gebrs m y be viewed Ù ö fom ó tions of cla-- id IA algebrah

depending - in genem1, m one or m m parametem . 111e repmsentaHon theory d qum tum algebras
wiÉ a Sind e detcnnation pammeter q , has led to the development of q -deformed oecil i ator alge-
bras²14 . 'IEeir anni hi l a i on and emagio-z opeÕ om sd d y the qum u m Hei senberg -Weyl al gebra ( q -

HW A ) . 0 21 the other hand , the connecting d coherent states ami qum tum gmum to get the ClaEBb-
ep type f COK Em t statm ( q -CSe) d the r HW A have been well studied by many authod 2¤û 13] . h

Rd s . [ 9 . 10 ] , the even and odd q- Ø . rePE- -ent¡ £ns were constructed . and thei r opti cal a a i sti es
pmpert ies õ ô studied[û 10j . Ò 1e even azzd d d q -CSs am the eigenstates of the µ am ( ´ ) of the

q-m i hi lati on ÖMM or . h 1993 , the eisÊ EStates d ² £Ï Õ or a : wem invegHgated by IQsang d
d [12J . Ó-he stat¹ m the IE- boeon q ¤CSe . Mom recently , the qum u m stat i sti cal pmpen im ( N th-

power sqm ea ns and anti btEnd i ng d ect ) d the eiF nstaô weÓ investi Á ted by Wang et d [13] -

Based ¶ these work , in thi s paper m invm t iÁ ¼ the antibunChi ng d eet d the states , and use nu-

merical method to study the infItBenees of the qd efomzation on the case d k = 3 .

2 The k -boson q-Coherent States

A s is wd l k n own , the r H W A MJ is geneI

Ø r a , an d a q - nu mb er opem tor N , . 'IE

ts [3] -

a , a , - q

Rae--, , d 4 Sû Ã ¤ ¤. , ª MB1. ReÖ-ed n £ " ' bee ª " 1

operator a ,
l ¤ [ 3]
a t Bo n e :

ß Ü ï í ë Ë ï í

q-Coherent StatesERect of k -Boson

WANG Zhong-Qing

is generated by q¤¤creation Þ mtor a ; , the q -m zihi lati on

N, . Ò 2ese opemtom satis£ the f£ll om ng commutation m -

a ; - qa ; aq = q ¤ø , ( 1)

the q-HWAM]

( 1µ
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w t ze EÃ q Ê a d d b r n ze d p ® a m e t e r - h Ûw' t E×aó t fh o lHl £Æ Ûwð" . w e s h a l l £ o n e e 'n2tÜrmaØ t e o n 0 ´ q ´ 1 : t h e r a n e e 1 ´

qÇ ´ ± tÉ}hm eÆEn 2 cÞ £ m ô í ­ tÕhh e EÐ·µ§ pÌ l m mm e n± t q² +çÐ +Ð q( . 1 tô»hhMumEËð 1uÛ'³ ­ o EúE

¶ qT . Fh £ ed k s¡ p .ä c e | 1 ,̈ EÏ µ ' , n = 0 , 1 . 2 , ­ | :

a , l n µ , = ¶ Ð i l m - 1 µ , , ( 3 )

a ; 1 n k z J [ n + 1 ] , l n + 1 µ , , ( 4 )

N , l n µ , = n l , , µ , . ( 5 )

ð Ð - EZ EEú e r [ n ] , i s d d l n e d m h z ] , = ( q ¤ - q - ¤ ) f ( q - q - E ) , a n d ! ¨ , i s d d n e d Ø

( a ¤ ) -

l , £ , = ' 1 0 µ , , ( 6 )

É / L n ¹ , 1

ë e r e t h e q - f a Ø m l [ ¨ , ! = [ Ð , [ n - 1 ] , ­ [ 1 ] , M d d m g [ 0 ] , ! = 1 . h q J o c k s p u e

c o n s t m c t a e 0 121P I e t e H i l b e zt µ - e h t h u s t h e u M t y i s w r i t t e n m

I = 2 | È , ´ n | . ( 7 )

ö Ee k - c o m o n e n t ( k i s m i zzt e g m r a n d k h 3 ) q 4 E h w e n F m b y i t z l

¤ &. . .

| z , k , i µ . = N d ( z J ) à ¡ z l l m + i µ . . ( i = 0 , 1 , 2 , ­ , k - 1 ) , ( 8 )

" ¨ t J [ k n + i ] , ! '

Ý e r e N , . ( z , k ) m t h e n o r m a l i z a t i o n m m u zz u a n d z i s a e o m p l e x n u m b e r . I t i s e æ y Ø p m e É a

t h e k s t Ë " d E q . ( 8 ) m d t b e e i s e m t a t e - d t t m Å Ü Õ o r a : ( k ¢ 3 ) ÷ × t b e s a m e e i g e n v a l u e

2 . T a k i n g a c e o u n t d t h e n o r m a l i z i n g m nid i t i o n s , t h e n o r m d m u o n f a c t o m c m b e c a l c u l a t e d u f o l -

l o w s :

N , ( z , k ) = A ; Ø ( | z l 2 , k ) , ( i = 0 , 1 , 2 , ­ , k - 1 ) , ( 9 )

­ ¤¤ 4
r - ¢ Z

A s ( Æ , k ) = ? µ : , ( i - 0 , 1 , 2 . ­ , k - 1 ) , ( 1 0 )
® [ k n U ] , ! -

w h e Eª , w e h a v e l d l z l 2 = z e o ® ü " £ d i n e M t h e i n t e m i t y d t h e o - d i l a t o r i n q d e f o Ð m d e o h e m n t

s t a t e , w h i c h m g e c t s t h e m t m s i t y d q - l i e u a d d . " ' e E@ f o r e - t h e g e n e r a l m p r e - - i o n f o r t h e l z - b o e o n

q - c O h e m n t s t a t e s a m e x p m ¤ - e d Ä

- h - d

| z , k , i µ . = A f r z ( l z l k ) à ¡ z l Ð + i µ . . ( i z 0 , 1 . 2 , ­ J - 1 ) ,

" ò Ê J l h + i ] , ! '

( E E )

w t z e m A a h . k ) ( i = 0 . 1 , 2 . ­ , k - 1 ) m e v e n b y ä . ( 1 0 ) -

3 T h e A n t i b u n c h t n g E r r e d d t h e k - B " £ " q - C o h e n n t S t a t Ê

3 . 1 T he A n u bunchiÖ E Rect d th EASeM aô d ¤ O pem tor a ;

It i s wel l known that , if the nom al im d second-OM er cormlat ion funct ion of a l id zt Eeld[14]

g Ø ( O) ´ 1 , one u ys the l id Et h ld exhibi ts anti bm Chi ng d h ct . It m a nomela- - ical propezty d tlze

l id Zt fleld . In a Si m lar way , we m y introduce the " £" ' d-mÉ r q -corml ation funct ion for the r de-

formed l id zt fh ld
fÃ ,´ l a;2a: lµ

g ' } ( O ) - ' . ( 1 2 )
- l , ´ l ¤ ; ¤ . l µ , i z

577E Ù é :&² « Ó q ² Ú ¼Ä ´ ² í û ¦

[ N, ,a; ] -

-

( 3 )

( 4 )

( 5 µ
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SEBb- ti tuti ng Eq . ( 11) into ( 12 ) , azzd taMng ae£ount d Eq . ( 3 ) , it m a mi d zdon ù Ed Ø evd -

uate the æ £" d. £É q-eü " ia a z hmctm ¤ th k d gæ æ - d a ; , m ped iveiy

, ´ z , k ,O l a É ; l z , h ,0µ, AoAL 2
8 3 (O) × , ´ z , KA l a ª , l z , Ø µ, l z = 1 Ó 7 ' (Ø1u3)

gg ¸ ' ´ z , k ' 1 l a Õd2¢.́ ; l z . k ' 1µ' At A§É.-.
; : ( 0 ) , ( 1 4 }= 1 , ´ z J J i ¤ ; - J Z J J µ , l Z E ¡ Ë

, ´ h k , j l e ; 2 4 l z J , j µ , A j - - 2 4

Ô ( O ) - - » ¸ , ( j - 2 J r ¤ - J - 1 ) . ( 1 5 )- l , ´ z , lz, j l a ; Á, l z , k , j µ, l z - AJ¤1 -

From Eq . ( 10 ) we b m that the abm sem ndÛ rder q -eorreM on h nct ions m tbe h neHoms

d x , ë i ch renects the intm sity of qd d om ed light Bd d . ² £Od ing Ø the dd nit ion , we caEZ È y

that m eigenetate exhibtts antibunchi ng eg ect u long " the seeond-order q-eoÐelation functi on am

lm M 1 when ¨ quals a ´ m vd ue - We wi ll pmve that d of the Þ u ta m d a : exhibit h

antibunchi ng eSect .

According Ø Eq¤- ( 10 ) and ( 13) , m have

É ~ ¢ ® l E h
¨ 1 4 Ê [ Ú , ! [ k m - h ¨ - 2 ] J Z A .. U µ

g ;1i (O) = ¨ ¢ . . £ ' , h ¤ ( 16)

Å (¥ [k̈ - i],![þ , ç Í , UJJr " " " )
Comidem g k Æ3 a d [ ,, ] , µ n , " ha"

ß fh ],IL- - L h- 2lj l
± henee ù £( z ) µ ¶ -d z ) º r z µ O, " tha gf i µ 1 when O´ Ò 1.
them suÓly m st mAU± d z , i .e- zhµ j ; .. ( z MÁ" ( z ) , for wtmh the

g{2} = l ( z ) a
' z , (z ) É

FEWm Eq¤- ( 10) aad ( 14) , ç £bu inÉ.. , . . . ÉE4" , . . . ,. .

a t ÷ (÷ [Ú 1̈
gf i (0µ =

Obviously ,

ß [ô h + 1u¹̈ ]LÜ'J¦ !H½[Øk þ k¤n̈ +̈ kÉ· .-¹-

Î tÉh a± t ùù . 1 (Øz ) ´ Á¶́ 'ª .EA( ª̈ ) . 1E ± d £ü" e­ , g ;ß1tý:Ì ( 0 ) ´ Zó h , i . e . g ;11 ( O µ ´ 1 , ë e n z Â 1 .

S tab ð t u 6 2 g Eh . ( 10 ) i n to ( 15 ) , ² r t b e m e od - m d e r q Û OTm la H on h m CH on d

( j = 2 , 3 . ­ , k - 1 ) , m h a ve

= ÷ (÷ [ç j - d h¤- ç +¨ zh-

8 (÷ [bs+j - Ú,1[þ - h +j - lJ ®
g;1 (Oµ

If x ´ 1, then

Ú 26 íß ² " í ë » " í (HE &NP)

µ

µ O, " ÷ g i3 µ 1 when k z Â 1. However , wben g µ 1.

d µ j i -- ( z Mð , ( z ) . for which the follomng mlaHon holds :

} l ( z )go J g ¬ - r- É ´ 1. ( 17 )gr} Å á 7
we obtadn

, %.1( ¨
, ,.t ( a) .-

-

÷ ( ÷ [h ], ![ þ - h ], !) zM

2.3.­ ,k - 1) .,(j
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Â (m+£ " 1 ¤¤(," ½"
Ø ® [ j - 2 ] J Si u z [ J - Z J J i j ] , ! ô

SZ(Oµ́ ý: (̈ 1} - ´ f '
÷ i ( [ ¡ + j - 1 ] , ! ) Z : " j - U J ) Z

m d

E W + 1 ) ª ù - 1
- ( 1 - d ¦ ¢ -

1h e re t o r e , , d m z d , " h av e

[ j - 1 ] , 1
g t : ( O ) ´ J , ( j - 2 . 3 , ­ J - 0 . ( 2 0 )

[ j ] , ( 1 - t ) 2 -

A s l o n g m z i s m a l l m o u e z , É e d o t - h a n d si d e d É e i m q zm H t y ( 2 0 ) c a n e× Ed 1 o r l eÆ

th a n 1 . b ac t i c a l l y , ¤ ó 4 1 - ( [ j - 1 ] , / [ j ] , ) 1n , th e n [ j - 1 ] , / i [ j ] , ( 1 - z h ) 2 | g 1 . F o r ü -

a m p l e , w h e n k = 3 , ta k i n g q = 1 . 0 , i n th e r an ge d O ´ Z Ë 0 . 6 6 4 ; ta k i n g q = 0 . 5 , i n t h e r an ge

d O ´ Z 4 0 . '7 16 ; an d ta k i n g q = 0 . 0 1 , i n h r a n g e d O ´ Z Ë 0 . 9 6 5 ( O b vi © ´ , ¤ q ú 0 , th e

m Þ i s O ´ Z ´ 1 ) , t l ze se c o n d - Od e r q - c o m l a t i o n h m c t i o n s l e ss t h a n 1 , i . e . g qÉ ( 0 ) ´ 1 ( j = 2 ,

3 , ­ , k - 1 ) . A s a re s u l t , i n th e r a n g e o f O ´ Z ´ 1 , t h e m su re l y e xi st v a l u es d z f o r w h i c h th e

f o l 10««i n g zª El at i o n h o l d s :

g f : ( 0 ) ´ 1 , ( j = 2 , 3 , ­ , k - 1 ) . ( 2 1 )

'I E e Ë f o re , th e m l ev a n t re su l t i n R d . [ 13 ] i s m´ p m c i se , b e c au se th a t sta t e s l z , k , j µ , ( j =

2 , 1 ­ , k - 1 ) ex h i b i t a n d b URc h i n s e b c t n ot o n l y w h e n z ú 0 . h Em L t h e st a t ee l z , k , j µ , ( j =

2 , 3 , ­ , k - 1 ) c an sh o w a n t i b u zzCh i n g e E ec t i n th e r an ee of Ó µ 1 . I t w i l l k p r o v e d b 7 EM En ed ea l

st u d y i n th e f o l l o w i n g su b se c t i o n .

3 3 T h e N u m e r i Ø l s Ø d y f m - t h e A n u b m c M E g E f Te c t o f t h e b B £ " m q . c s e

F o r t h ± Ee d s i m p l i c i t y , th e m o d --o zd e f f e o m l a u o n f u n c t i o n s g ;11 ( 0 ) ( i = 0 , 1 , 2 . ­ , k

- 1 ) w i l l k o n l y st u d ie d b y n u m e n c a l m et h o d i n th e c ase d k = 3 . B y th e sa m e w ay , t h e o th e r

e ase i n k µ 3 c m b e i EW es u ga t ed . F m m E q s . ( 1 3 µ » ( 15 ) , ta tzi n g k s L w e Ob ta i n

g ; 1 ( 0 ) = A o A J A ; , g f l ( O ) = A EA z / A ; , g f i ( 0 ) = A o A 2/ A ? . ( 2 2 )

W e m EEEEe r i e a l l y ed c u l at e th e se em d - OEd e r q . £ or m l a i o m a m cÀ m zs E q s . ( 2 2 ) . Ê Eée EmÛü×Ēlha H on d

gÉ ;1Åý:̈ ( 0́ ) (Ì i = 0 ,J 1 ,32Ã ) vÉa ¢ û wì i É ZÉ , Ê t h iÚn± t ¶ 8­ i ® d q í fºbmnmYm d 1Hi d¿ EE aº e LMd (â q . Ä )Ë , ¤ q 2 1 .

0 , 0 . 5 an d 0 . 1 m d em o n st r a t ed i n FF®iÞp . 1- 3 . U e i n t e m l s É ± t h e e i gem t a t es ( 1 z , 3 , i µ , , i

=0,13 ) d a; Í Í ¿ t m buEZChing d ect m Hated m Table 1. It is demonstmted in Fip -
1 - 3 a n d T ab t e l th a t h ese i n t e n d s am ev t d e n t l y i zd 1u en eed b y th e v a l u e s d p a r a m et e r q , Wh e re

th e c as e d q = 1 . o m p m Æ e s th e n o n - d d o r m e d m Ê . c o zn p a d n g th e sec o n d Ø t h e f o u r 1h Co l u m i n

T ab l e 1 , t h e M Í l z , 3 , o µ , sl10«« m t i b u n Ch i n g d h c t , i . e . g t i ( 0 ) ´ 1 , i n t h e m Þ d z µ 1 ,

t h e SEn d e r v al u es d q , t h e l a rg e r t h e i n t e w a l s ex h i b t UEEg t h e eg e c t , an d th e i n t e r v a l s Sh i f t t ow m d

t i l e p o ei t i v e Z d i m e6 0m e x c e p t i n g n ea É y q = 0 . 5 , w h i c h m ay k c au s ed b y t h e c h a m ct e Ei st i c d q -

V± t ab l e [ n ] , i t se H . Ò 1e f113 t i n t e w a l t h a t th e st a t e l z J , l µ q sh o w s m t i b u zzc h i n g ee e c t i s ² e

r a n g e f r o m Z = O M a c e Et a i n v a l u e d z µ 1 , an d t b e E m t i n t e r v a l th a t th e Æ e l z , 3 3 µ , e x h i b i t 8

a n t i b u zzCh i n g e g e et i s th e m n g e h m z µ O Ø a £ e zt a in v a l u e d z µ 1 . h c a n k se en f m m T a b l e l

t h a t t h e n u n² e r d i n t e w a l s i n w h i c h t h e e i gezESt a t e s l z j , Í , ( i = 0 , 1 , 2 ) sh ow an t ib u n c h i n g d -

fe e t m a y b e m or e t h a n o n e , an d t h e sec o n d i n t en d s m w e l l æ th e l a t se r am l a r ge r t h an t h e t l r s t

on es .
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» " e z . ¤¢ . . . , ² d ¤ ¤ " ¤ ¤ t z ,3 . 4µ, { 4 ¤ ¤ . E, Ì ­ " . . - ® - A » ¿ a M .

q z 1.o q = 0 ., , ¤ 0 . 1

l z ,3 .£µ, . , ;1i {0 } ´ 1

. ® . ® E.¤E.

M .s - 1µ, , et i {@} ´ 1 . ® ' ® 1¤" F f [ 4 9' ® ' ® u " º £® ' ® 2 . n .
' -4' ® ' ® ' ­ " -" ® ' ® sas . 19 ¤ " -24® ' ® ' ? ÆEE

2m .o¤® z ® ¤17 .50

£ ´ a ® 3 .37 .
¡ £ ´ Z® 46.n , . ¤" ® s -625 .S6 . @́ S® 21. Ä .

l a,3 .2µ, . " ?{ @} ´ 1!-3 . , .¤ ® ¤ ¤ EE-- - ,,-" -Z M e ® ' ¤., Ó­ ! ¤ ä 2. " ® ' ® 1

gp¤ .07® ' ® ?
?4¤¤ez ä , , ú , . . a m ¤ ¤® ¤?- a F e¤ e¤ ¤ F a z ¤ ¤ ú , .

6

5

4
CB

÷ 3
2

£

Fig - I h h © " , ;ç 0 ) " ² e R g .2 ¤ 'Ih hmd m g ;11( O) " " Fig .3 . h h cM g m o ) ± ú

Mtem ity d q- IE z z l z 12 h mtensi ty d q- IE z = l z l 2 m izzta si ty d q-IE z = l z l 2 for

a ga ï t q - l a aa Ø q . d Eere, t q .

Lm 1, 2 . ¤nd 3 ea m¤p - d to Th intau- -ioa m ¤ ææ æ FK . 1. m e il luÔ É on m th -sme - R. . 1.

q E 1.0 . 0 .5 md O. 1. ¤ ped Ð , .

A s i s wel l k n own - ¤ th e second - ORh r corre l at i on f u ncti on of a l i e u g eld i s p ater th an 1 , th e

l id u h ld exh ib t ts bu nc hi a g d Ø . m d th e d ect zd ects a c la- - ted pm p ea y d tb e h l d , i . e . th e

fh l c tuat ion of th e photon m uzÉ er i n th e l id zt Seld i s p Ä ter th an m m . U th e see£n d - OM er co rre lat ion

h zm Uon d a l i ght h ld Ê less th an 1 , th e l i d u fl e ld m h i bi ts an t ibu nc hi ù d eet , and th i s m a ects a

qu an tu m pm perty of th e f l e ld . × Ee second - orde r coÐ ela t ion f unct ion d a coh erent state i s equal to

L and th i s i s si tuated bet ween th e c lam ed and th e qu m tu m pm pen iü , i . e . coh eren t state i s a

mi n i mum - uneeé i nty state . 112e re- d t s d th e nu mer ical meth od i n T ab le 1 show th at t he second - or -

der eom l at ion fu nc ti ons of q -defom ed l i e u f i eld m si tuated between g eater ( or less ) th an 1 m d

less ( or p Ä ted th an l aI tem ately when th e m tend ty d the q - l id zt h ld beeom a m eer p d ual l y .

I t i a i nd i cated that th e n uc tud on of th e photon nu mber i n th e q d d om ed l i d Et f lel d i s changed be -

W een th e c l- said ( £r quan tu m ) an d th e q um u m ( or c lassi ca l ) pm p eÒ " al ternatel y wh en tb e m -

tensiw d the l i d It h l d beeOEms stm nger F ad ual l y .

4 Conclusion

To sum m a , ² r m ztied ar value- d z , É ieh reaects the intensity d q- IE , the eemnd-or-
der q-m ± ation functions g ;1 (O) , g ;11(O) and d ( O) ( j = 2 ,3 , ­ J - 1) m k less than 1.

Ú 26'ë ¡ ä í ë ª ,. . (HE &NP)

2 . . £ ® z ® 6 . " -

17 . ¤4 ® z ® 5 1 . 10 ,

142 . 52 ¤ø ' ® 40¤ . 75 .

11¤0 . 14 ® ' ® ?

3.« ® ' ®6." -
10.29® ' ® 13.38

4 .¤4® z ® 211.SZ
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'ITEem f ore al l d th e lz- b " £" q - cohe ren t sta te- show the an t i b unCh i ng eg eet . For t he case of k = 3 ,

th e m SUI ts of the nu mer i cal meth od sh ow that th e an t i btInch i ng eg ec t i s evi dent ly i Ed h seneed by th e

val ues d pam m eter q . ¡ ¢ e a ate l z , 3 , 0 µ , exh i b i t- an t i b u nc h i ng eg ect in the in tew als d z µ 1 .

111e a m i n ten d s i n wh i ch th e sta m l z , 3 . i µ , ( i = 1 3 ) sh ow th e an t i bunc hi ng eb e t m the rm ge

fm m z µ O to a een ai n val ue d z µ 1 . azzd th e an t i b unc h i ng eEec t cm be ed Ei b i ted i n sevem l i nter -

val s . FEEd zem ore - tb e n uctuat i on d t he photoa nu mber in th e l i d Et fk ld ex pEe ased by th e sta tes i s

ch an ged between th e c l ass ic al ( or qu an tu m ) and th e q uan tu m ( or c l assi cal ) pm peEt i es al tern a el y

ë en t he in tensity of th e r l i d Zt fl eld becoms sm n ger F ad ual l y .

m e q - param eter defonm Hon of qu m tu m algeb ra has been used in descr i pt i on for som e dom ai n
of physics an d th e m su i t s coi nc i d i ng wi th m ped mental d ata[ 13] . I t i s i n tem st i ng to note th at whe n

q ú 1 . th e m su i ts d th i s pap er become th e m ¢ l ts m Rd . [ 16 ] . U eE¤ £" , t he sé tem coEZ× oeed

by th e ei gmEStates d tbe q d d on ned oec i n ator ann i h i lat i on m M or a : ( IEb 3 ) have more ext ensi ve

physical connotat i on th an that of h system composed by th e ei geEESta tes of th e conven t ional non - de -

fom ed ones . M th e syÊ em have been ac h ieved i n exped m en u , we may coa tm l the paranEeter q to

coM EWl som qu m tu m stat i st i m p ropem m of th e l i d zt h l d . Fo r th i s reason , i t i s won h y to mak e a

th m ud l stud y to th e sy stem Mm th ey have l aten t m d i ë OEt an t app l i cat i on p m pects .
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