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ABSTRACT

Experiments with B-mesons have produced important contributions to our
understanding of weak and strong interactions. Two results have been especially
surprising : the B-meson mean life turned out to be much longer than expected in
1983, and the transition rate between B° and B° much larger than expected in 1987.
The first part of the lectures reviews our present knowledge on B* and B° mesons
with special emphasis on the determination of five out of the 18 fundamental
parameters of the Standard Model (mp, m., 8,3, 823, and ocxm, where 813 and 923 are
mixing angles of the Cabibbo-Kobayashi-Maskawa matrix and ¢ckm Iis the phase in
this matrix). The second part describes open questions and expectations for the future.
The lecture on B-meson factories will be limited to basic concepls of e*e” colliders
and to a sruvey of present proposals based on these concepls. The description of open
questions will concentrate on our understanding of CP violation in K° meson decays
and on predictions and experimental strategies for CP violation in B-meson decays.

Lecture Notes Distribution : - internal (CERN) distribution only to Participants

- self-service (50 copies) at CERN Main Library
- No extra copies available

- Reference copy at Main Library
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with the four real parameters
0<Bqo<m2, 0<V13<n2, 0<Vp3<m/2, and o,
and with the abbreviations s4, = sin %45, Cy3 =C€0S ¥43...

This parametrization was introduced by Wolfenstein, Chau. ..
1984 modifying that of Maiani 1977. It has the advantage of
the smallest imaginary parts. The original KM parametrization
1973 had large imaginary parts, but had the maximum
number of five real matrix elements.

N. Cabibbo, PRL 10(1963)531 {weak mixing of hadrons}

M. Gell-Mann, PL 8(1964)214 {weak mixing of quarks}

J.D. Bjorken and S.L. Glashow, PL 11(1964)255 {"charm"}
M. Kobayashi and T. Maskawa, Progr.Th.Phys. 49(1973)652
H. Harari, PL 57B(1975)265 {"b" and "t"}

L. Maiani, Proc.Int.Symp.Lepton Photon Hamburg 1977, p.867
L. Wolfenstein, PRL 51(1984)1945

L.L. Chau and W.Y. Keung, PRL 53(1984)1802

B. Stech, Proc.Top.Conf.Flavour Mixing Erice 1984, p.735

H. Frizsch, PR D32(1985)3058

H. Friizsch and J. Plankl, PR D35(1987)1732
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R* » 6*°2*u 39+0.9% ".'::;
B*9 D° ety 24208208
R+ "pr*" %y 1.9+4.0
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w” Ve

« \ |
v v 9

Searel. fv  Hie Cmquoud-'-a Vi - e dced decéy
by ARLUS 1939 fom L&k = 180/p¢:
'8(8*-35‘*@*\,) < 1.0 -q0-3
B (8°>% €v) < 10107 (%0 )
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(15 38)
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A seb of 10 weasurewm enkbs

B(Bsp o7, X) B(8>ALTX)

B (B8~ pf X) 8(B~ ¢*AX)
B(82»AwA,X) B (8-pLx)
B (8 AF & Ap, X) B(B~ 25 X)
B (8~ AAX) B (8~ 07ppx)

Constrains U bramching frachons
omd 3 ‘F(aswu"d\'d\ ‘@aof\'a'hS;

B(B2AX) = (39£0.9)%
B (A 2AX) = (3%23F)%
B(Ac5pX, p wet from A) = (3128)%
B(Nean XK, n wit fom A) = (32214)%

B85 Ne AX
= - 4*;‘,‘ oo
§A B Ac X ( )/

fe = ($r28)% , fu=(3222)0%.

and , Very difficult o obhuin fom Somcwhere else,

@(Ac > fl(’rr*) = (3,?‘ 1‘4.9%
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B D* Yy fiesh seen by ARGUs 499}

0% selecked with (o> 4 6th]e.

D* ™ » pewt, D K*a~, x (Dr)<o0.§
M"”"é mass

- (EB'ED"Et)Z"(?g - _-f‘)z ~
o 1

L i = eaSired
Kinovm assumed do be O :

N
0.25 GeVZ/c*

| MM =0
o f " for
N=43+8
ot <est
S+ “ [ k hl’ .y
0 * + + H + + + __ »e .;:-‘.!:-:-:-:::;:-:-:l.?\::-:~. y

-10.0 -5.0 0.0 5.0 10.0
Moo (D*=1*) [Gev2/c*]

Result:  B(8°5 p*4*) = (SYz10z205)%

CLEO 4989 : (43 £0.5£03)%.
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ARGUS vesults .  Pecfeck s with Altacell; et of,

\?F = (30’01’5'0) Mezi,//c. Kmp2 = mg _ 2fe -_-(#.9'}:0,05)‘“

Y

me= (156 £0.00) 6. <my>-m = (3.382002) uut
B8+ evx) = B(82pvX) = (103 £03)% .
B(¢sut)/B(lrct) = (13 21.0)%

Alberell; wode| /Y |an/Va.’<o.oﬂt (”%)



B(828evx) = (10.3£0.%)%, ARGUS 89
(14.% £o0.¢ 24.0) %, Cryshel Ball 89
(10.4 t0.5¢2)% , CLEO 83 prefiu.

w. = (10,5%0.6)% N | Ves).

Similee limits  Ow 'Vﬂb/VCbl { <0.1%¢ ARL6vS u;.-,‘3 i

Albcelli model} sre  obhid fow the duclusive

Sfﬂhﬂ!{"bufc shmdaes o'F cvs 8, Cn,sh.l@.,ll, CLEO. B

o
dp 5y
fsuly

£ casd

Drashe  amb - CouRuuum cubs 'r»c.“ucl' also

B2 2vX tvewks amd ukeduce Wmlerhiubies “on
B(B2lrk) amd B(B28rKa). Bub ey led
b Gest evidince for Louwly and b a Frsk
cough V| dekerwinakion by AREUS & CLED n ‘B,
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s /v

Detecwinakon of CKM Malrix Elemc‘.ﬁg_:

Vid| fom  nucleer ﬁ decays w ome sospin bnpled

0t 2 O éramsikons  ace f““' Ved'or,
v A M =\7 |
wieth 3-8 7.. nuclear shuchre Covrechons

e+
w R WAV
" %&f‘* C‘Mfwi b p—— ;

C.y. %0 > N

NV Vua = 0.9%4 £0.0040

_VIAC = 0_ 220 £0.00?

{ms“ wave fuvchos weeded. jlf,(*Y' v =092

et
w Ve
Vcs frowm o &_és vC_L‘ 1.00 £ 0.09
D K

6./0 Ceror \qd\m Cx.rbn’m&g.") )"/. tcf'bw &urﬂz

J ¥ yic dv = 0.35 £ 0,06
Vea| net fom B-decays, bub fom charu
pro duekon an  neuboue vtk dns

v .
FX'“ Ved = 0.24 £ 0.03
d Q““?/"‘" = e
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!O.S}Hto.ooauo 0.220£0.002 V,L\
=| -0.24%£0.03 4.00£0.09 Veb

\ Vid vts th )

From le, vus, ch. Ves alowe , we Could wet

Veu

Couclude eistuce of a 37 farily. The
(ZXZ)'SuLwdﬂ'x 5 um'luﬂ within errors,_ It
s Teal @ i.e CP wviolakon u the K° SystCrm
could wot be on effeck of He standerd
weak wlcackon with ouly  dwo uak families.

va ‘Frwu [2 J.CCAA)S o'F Ha'. b - 1“4//( . 3 WAbs :

KA W .s:: q(39€vX)= ﬁm(!}»dv)~
b =—~———2¢
S ¢e Vcb WS
L 8 4°>zrr3 N ) Jaeo

lep (8 & X) = B/t = (0105 ¢ 0.006 )/ (145 £ 0.44) s
= (3414 ) 105, |

me fom Abuceli fit $o ARGUS dafa

b,

N Ve (nel) = 0.0€% £0.008




Vep (5uel) =_0.043 £ 0.005"

% J ; r(3°a9'°¢4/)= Vc: (2,2:05)40“/:,
Mmculuuh’ Tenge Oves ¢ wmodels
for B-D-overlap.
ra,': averay of Bo(ALG(IS)) 8°(Cl.£o), B"(CLED)
) Yeo (U(d) = 0.0¥2 £ 0,006

Combine snclusive eoperiwental  vesult with

e

€xclusive wodel cCaleulahons:

F(8seX)= Vo [z.z«:o.s‘ F10£02 +0.420.0]10 )

) 0 ” 1
b’
D D "p
v v
avm,t over wodels from GISW
6Isw, Ks, BSW, AW alone

A Vcb (w(&'«{) = 0.0514 0008

KQasom,Lle aﬁrgcme“)— bd—weu 3 WQ\(‘LM(S.

“a,ve(m’;" = 0.0%% +0005%.

Ven

A=Vy=02020 N A=—3 = 0932040
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Noﬂ.iua seem in nomlcpl'om‘c B dec ays.
B(R°+m*n) < 3-40°°, [Vue/Va| < 0.20
| Voo | < 0.01. [wse]

”0“1?&3 Seem  im “{“”‘.‘) {hclusfve“ 5w:l¢r'bu;c decays.

B(8~ tvX.)/B(BrovX) 3%, | Vo | < 0.00%.
[Acu]

Nothing seen in exclusive semilephouic anwels,

t5e%0%) < 104073
B(B 29 v) 0 % qub|< 0.013 6l5w
B (B4 ¢ty) < 1.0 40-3

< 0.00% WSB
Resulbs are model -d t,fc,..da,,&!
pal: <p.m?* KS
b —Bme A u
r i 0§ <0.08% DP

Funekons of light wesous e '{oHenJ\'c‘,

—

Wave

Evidence for |Vup | # 0

A ARGUS event:
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New AR6vS amalysis on Juelusive leptous Wik,

S}roug amb - Coubnuuw  Cufs :

H. Albrectt et ad, PLB 23¢ (1930) 03

fedt =216 o TS, 696 off-resonamce.
y ' |

A o 3
M BB+ ¥ onbuuuim only couluuuwm.

Seard, Fw e-&,‘ with P726W/c. Good ID,

misid (€) = (0.520.2)% | msid (p) = (4.5 20.3)%.

'{,[ 2 2.0 6W/c

EV&J‘ sefeckion Crvéenma : 1.) >
Cene

N

2) Puiss € [1.0,3.5] €fe.
3) o &( ";_‘.“'?,_) < -05

N tkuuum Llphos  veduced by facke ¥o.
Ceptows tom B decanws Tedued by 3.

Ne"f' (2.3 -2 ¢ CU//C) = ‘0,
expected background = 333+ €52,
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Mebhod 2 :
Leptow fairs. S
0.05 GeV/e o ]
ple) e [ 12,13) 6¥c  ARes's
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C") 9(( 2 .‘o.g 100 ‘ |
4
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{”ﬂ Rl
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. e oo | “ |‘ AREVS 80 .J
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20 | ﬂ o ' : |
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i ++¢++,4+, Bes 0.8 o 5 S .
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The [Vy| Teswlt of dhis  ARGUS  observahon s
S&fOua‘b mode | - J.lfbu&u.{‘

wclusive Alheelli b ad  modyl: IV%/VuJ‘ 0.10 £ 0.013

WSB meson -wavefunchn moc{d : 0.42 £ 0. 046
KS —l— 0.0% £ 0.012
615w — - : 0.1+ 0.023

An also ¥6 C”ed’ with nely exackly e Same

ﬁhr lvhb/VCb' values as above '$ St 55 CLEO;

800

2400 T — T T 300-
- (a) (b) -
° R. Fultor ek ad

2000 - 250
g - (¢LEo)
>
S 1600 — 200
s ] - PRLC&(4990) 2
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N
P
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1.,
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8-_8 7
—-ﬁ__ ——e
0 { ] ! ] ] O--0--8% 0
2.0 2.2 2.4 2.6 2.8 3.0
P‘L(G.eV/C)

IVuL,/VCb1= 0.08 +0.20 i "Vug,?— 0.00% = 0.040 i
[s3+y2 = 035+ 1.0,
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(094 £0.0040  0.220£0.002 (0.00% = 0_040)'1
lvcm| = 0.24 £ 0.43 1.00 £ 0.09 0.0%¥ * 0.00S

\ : z /

Unidacity <5 well fl€;illed ug&w&.h(lﬂi‘

Voa + Vil + [Vua|™ = 0.9933 £ 0.0022,
Vey # Veg ¢ Veo = 4,05 & 0.48,
T VAV, = 0.005£0.035  wih suihte
| choice of sigus.

One W\lb “\u(fou f_ﬂ&)rm Qa
“V\N‘»ﬂh) ‘COMS"VMV\"'{“':

.9353£.0005 .20} :.0020 (.m‘r«x-.o«)e';\’
Vexw = | -.20% £.0024 . 93e2£.0008  0%% £.D0SO

(o:-o.zq)e“f; —.0¥s8t_ SO .3989 % ov02
Three comments: @ 'Vub’ € Vep do wob improve by &t
{8 f'\gs:cs 5 dccou'kal frowm vest of e Wof'd}-
@ The ummeaswred Vi gbs the swallest  eccor,
@ Vap amd Vg 0re Mni"us'!-,-rda.“d “h

Om  @asy-wmemoritable Way :
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— preferred reqion 7
by AREUS & CLEo
| & preseut
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T"Q “CP Jﬁaa.s[e“ |

™ We have more inforwmakion  on ¢ amd N, e
o His kisgle F
1. BB® pscillakous,
2. CP violahm 7 KO oscillakons (€), ad
3. CP viol. w K°» wrm (T=2) decays (€')

~ have thor or i gin Cou.rldelb i the ston-
decd weall ubecachon with  the standecd

2-family - fermions.
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Ko\(Eo\) - K° (sd)
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s —0—* Q—a
d

af v
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With 3 frmion families  and mg 2 130 bV, Hiet ace
Only ¥ systems n nakuce  which can Show
sude flavour oscillabons: K°k° D°D°, B°B® 8B,
The shaded model ecpectabn for AW (DY 5 very Swall
tpeimentally  am(0°)/0(0°) < 0.40.

Expectakions fov 828 awd B8 B;:

btjjd bItTS
S S ST S N

t

[Am(BY= 25w Vi [Vadl B fo e oo |

emt
1
'AM (Ss),-‘- ‘f_ﬂ% ”‘fl Vft V“: . geg ) {E;'mss -70@0 i

In 198% : 23 (o < wm, L0 6 0< |vy=0.02.

1€ m =40 bV assumed A AM vy Swall.

_T___i\ml - {uh%rd’ed ob Setvable

s :

Wik, Ty = 1.1 pSec direct _mcaswu..a.l-: of ﬁ'rz

md AM(8) we nok (yeb) possible. 7= 1(f41).

Since b eve & T’ -2 €+VE, teﬂ'm« OLuﬁe.

\'d&-.kﬂ'.cs B-flavour ak O oy e of &zeuj_



Assume \{/(o)s 8° ob t=0.
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Y ({') = 1 [e"{nn* - L ( B°_76§o) + e‘i Myt -ftf2 ( go+ é-o)]

W(") - | < By lt= T [e™ e " r2e M amt]

W= | <8 y(y2|" - [e'r" re- ™2 ™o amt]
W- | Cwlyde = §[F+ % r%(u«q)]
w= (°G afa. 4
W= [TuElyd =3[ 7 G"F;%(&Ty]

: ° =_E_.: N(SO“’ §_°"’ 2'@ )
Def: .{(8) WtW N(8%> £%X)

-——

= frachm of all E° dec“‘ﬁ;"ﬁ as a B°.

- __%__l Y .Aﬁ- AP r"’rq .
(& 14Ut Wil x=>=Sg=) 9= 3¢ 2 e !

Some eeofle f(l-k( ,{,_4,3% i )(, T

a-x N+x
Tw e U° W sHum X=,5$3, 52-.99?’, )(:,‘4-9?‘
In 4§ -3¢k eveas (UAM, PEP[PETRA, LEP):

trd) . P
N(ve ) N( M.). = Zx(q-x’),

N (49}

[fF 01\‘5 ﬂ ‘;'Dh\ 80'2%]
I. M(4s)28°8° eveuks (ARGys, CLED):
v(eter) - M ()

TS

Roncan-. Fioetwse _ Padalck:- Rocean V(olv 8°8~°v§—’3°.
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ARGUS 4933 [H. Albrodd etal, PLB 192(1993)245]

3 MCKOAS ‘F" 'ﬁ“d«'us B‘,g) 0scillabowns :
1.) ‘Fu”g veconstrucled -We\.}s)

L) Auclusive hfl’bu fa/irs,

5) one vecomstruckd Bar B8° amd one lepfow .
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1 by 1 P
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ihc(ue’.t'n.3 (Y0 tow. ’7‘(?5)"’ B* 8.

V(€H02) = 50, ko = 2524, =252 8,

I o —————

Sgnificamee = 3.3 6.

o). 158
X (8°) 25572 = 0.4% + 0.05.
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MeH.od 3- One Teconstrnekd 8°,3-° & one ]&r&m

1] . " _ . . i _;
( Ta)""b) 7)‘*‘3 =B V)rcc (0);’: :113—!
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The ARGUS'8¥ vesult has been Coufirmed
by CLED '$5. fresent vesults, up deted, wntl

1+87/4.8F = 10202 |8,,s 8(8%=evx)}:

(X

K(ngKWS = 0.461-0.06';
e
A(8)cee = 045 £0.06 ;Y= Z5002
wi H, Yy = A’F/IP «ngﬂ/f‘ /Y Ix!: D68+ 0.12

~—~

[My-Mo| = (04 20.4) meV = (8£2)-40-"*. M
= 400x Am(x3) !

fealls fand = 35 i@ fone ),

Wik, 8833,"’: Vep = 1, "p = 0,85 h x~ 130 Mef/:

~ mt-}thl x (4.9.*:0.3_)6&{/

Mg > SO 6/ quoted s 4387
Second oouscqgu.ce

X(B,)/x(&) Vs

7t ~ x(&)20.%0

What do we MUuow about x(@,)z.
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UA1 5n 1938} [c Albajar o al, PLB 186 (1957) 2¢3]

-fil(g‘) * fs 7[(

Bs) = 0.124 £ 0.04}.

from 'lil(('-;ish di-muon evels o fF amui bhilohn
ok SegS Gollidse , fo= N(B)/N(H) = 0.3, |
s> V| s,)/y(&) % 0.45,

frow ete” asywmehy :
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