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C? Yiolalion and Bsavlu

The Qossibil'\t Thal ,Q?( comes Yrom the
known wrgak i:&eradion, hence Feom phast

Lactors n the qu‘tk mhzin3 meteix V.

Then we Lxgec.t hvoSe Q“( efecls in B
(beadly meson)decays.

How phast $adors in Y lead To oF

How deeays oY asulcal B mesons can
th /W is dueTo

c\aanlﬁ‘te whelhes
phases in V.

What phases these acelo measure,
and which B decays measure them.

How 3 knod\s& 3 o? ﬂ'os ‘)“QSES (n Y
detasmines alk WY




C,?, and C7?

Ch'av%e con)uasatdom C-
Takes ?ac't tele (nlo an'tipr'tc'o\e.:
ClE>=1q 18>

’Pa(‘i.tlé Y-
Thuecds the coordinale ssstto\:

CP=CxP —
CPIMB)D = | F RS



,QVL\& the neateal K S\:\’;Tam.
Consider nutral kaons at cel.

We choose the p\\asz convenbion

so that _
cPIC>=+11KD,

Then( simple £ield ﬂ\eofg)
o\ > = +11KD.

The Time wo\u‘tion. os | mdtc'al,
Kaon is described 55

amp. For K°
9 LQ_F&)X_ a(t)
ot L3 =M. 3@
INY. for EBJ
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™= [‘“\.‘ mnz\ , @ non- Heemitean

L N

fectioe Kamillonian, is known as the

veuleal K mass mateix,

We assume CPT tnuraciance

Thes émq\its that

M, =MD = <KRIMED> =W,

Veiling W= M-i% s M= F-il
M=F  Tocticle anl anlipatticle

havet samt Mss

= T “"‘"5 a\so havt S‘ll\t'\'of‘i\ wi m‘

I¥ CP invaciance \\ok\s, _
M, =<K TR D= < ke mien |
=< AR MIEOTY=KKIMKDE My, -




Then M has the Porm.
o (XYY,
m={3 X\
so that the wass cigendlales are '4!'{[:1"":;: Mt
That is, they are the CP tiguntotu
2 IR 1R -1K
e N
?: + | -1
Evpreimuilally, the two mass iqeailales
avL— -0
K, (Tym 089410 sec)
Ko (.= 5.9 u|0-‘5&)




f'ssuita\\ s\l Ks ézsz are Lo

(A8 (A orﬂ'ﬂ:
K, %

Q
7
C?ltt *OCEPd = T (-p)W (€)>

o I8 CP is comserved,
co(v)=+1, ce(k) = -1

Then K — o is Pochidden.

Bt K, —-¥'N does occur.
(C\\"Su"“ﬂ,Cl'omn,‘cU»Tutkj

%k(&-»fx’) 2.0x 107
. CP (s neL a\wags conserved.



Tt is 3lso obstru-EA t\wat_
Lk L) = T(k>n's )

R, L 19

—327x10° ## O.
(P - noninwratiance,

Whit Us the ovi.c‘\‘ir\ o LF 2

AL oF — ¢Hecls ssen soffer occur
in X decavs.
K ch.cuss are due Yothe weak interaclion

?ct\\avs S‘! Comes ?\'omﬁ\! weak l'nttra&o'\..
This is the possi,\wi\i‘tg wé will m?\‘as"ff"




Rews can the weak intecaclion cause -3
Au-ot‘dm to the SCtandard) N(odd),

w'ts (1" S os ﬂ’it u‘afb
zﬂ. desesibed \,32\3& 1 Quw‘

R, =,§_\{¢~Z Vai €. "v.
r cL-ue,T

L= & S,b

'\ % =
+%\Je’ Z-Vdi L"KC‘ «

Y\u\ Vus Vu\:
V= \{d Nes Veb
V‘tl Yts \(tb

ts the C(a\nb\w)- K(oh«sas\u) -
M(os\:‘awﬂ %um\t mvx.mS wmabcix.

R S SR
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% X C'%ZL: t{u (q,\ Q(‘)Sm ) -\T ‘C""-
PP - Q(q)w\e.‘,g,t e%l}
OW Y ‘6 A (C?) =

—[v\mqw'\uﬂv& AR
Phases which we

can choose =1

V2N, cl._‘!eo‘_-!-%,\,‘f SVd sb‘,oc,_

“SNL

"Ti ,év«:‘..‘e‘.."' 2 weZV 1 %%,

R s CP-tnvoriant i and on o

\ (s ceal, ov can be made el
c"““%"‘s Q\‘BSE conv G.ltwr\




Ir\ t\wa SM) P/V acdsas grom c.om.p\.w
p\\ ases A Y.

hea these phases can grodu.e \-‘\‘-35"621.
¢ gFrects will be E«.‘:\.a'\nsc\ SLot"-‘-j.

The CKN aLeLx
The SM cequices thil the CKM mallrix
\ be Mit;vb .

Ag Al From this antlacity, ¥ is
unpe cdicked, so ils elements must

be debeemingd u?uimn‘t a\lca.

ou wany annttg‘ts ate needed to
‘m\\ﬁ sguﬂg N? -

e



h (\\g&\asi.ng \nrecianet
s d t ch h
The ?\“}5‘"’ 9;.5 nol chanqe when, say,

d=e°d.
Uodee This cag\\ 3%ing, for w2 u,ct,
oy T 64— Y X, (%)
=(®Vaa ) X d, -
. The phase ob anyone Vy; depends

on Q\\zst Cony entions,

One w o“' tom OnE Q\asz conveation
Lo vakme Y mu\ti'\\sins any colemn,
O0¢C Iy, COw, o&‘ \'} \3 ® v’ns‘g &zd:oc,
or bu "“""5“‘3 oul streral sack
ogtn‘l’.ions.




Su“osa theee ace N q'wu-k 3ematn:u5
‘3)) (%); (E), *' (*)
r——remae?

N
T\'\En V és N!N

This u\\itwj \ contains ~
aN"_N -9 N(N-) - Nl-
2
ceal szmi\ius.

Yeom t\stSt, WE Can Cemove 3"""

ua‘\\ssia\ hases \35 mults Qlég
ofS,

columns 3nd cows \)‘5 phase
[ %:) Phases in Last column

3 ! can bt cemovtd inq\'u-sﬂ3
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Nun\nr o‘ 9\»3sml ?Inme'.tcr: -
=N*- (@¥-0) = (NA)°

o N=i
=< | N=2
4 N=3

1:- wrg c.\woose t\"! Qir‘u\\txits -} mzms
3“3\“ ond ‘z‘;\mu, howr mIny o‘ them
T Q\vascs

¢ V weee ceal, it would cont aa
N%- N-ﬂ%‘) .I-N(N-l) mmm& ‘3\\3\&3

n\f. nun\'m o‘ v\w‘aszs N\ 3 couv\e‘&

(s thea— O Nsj
(-0 & W=D =2 (N-DN-D = { 0. N2
(\(o\oa\szs\w, Meskam)




I8 N s onla‘ﬁ,t‘\nt weak (ntecaclion
a8 deeribed inthe SM canndl violdle 7.

Peocesses t\\at (ekhou: ‘a\nut on's
o qnte Kions won % iolale CP.

'not quarks :

Kdecay: s—» w+n+d
Cenesftion: 20 1 G |

[ -




' W will be small, as o\:senrd,
wm K t\ecu).

To szt \“%(MOO%)W g hects,

we mast ObSLrUe Processes that
inrdoe L three 3entra'l'iom.

~ Lel us §tu&\5 The c\ec'ags of the
'Beau‘ts mesons .B

= [Eu], BJ'-'-[-\;J-.\, 5,=ﬁ:s]

b (s W qenes abion 3.

clean i.n"omztior\ onﬂnt ases V.,

Thus, we can c\i‘anln.s’czst wh ethee
These Qhases vt e orisin ot L¥

Tn 28ilion, L7 in Aecas\s\ can yield
v




CF® in the B s%s'tam
whit 7 eHreds do we look $or ?

AT = <P\ T1CePLiYD

We (ook ¥or sz'tial Jscmj cole
asgmmztriis oF this kind.

Nole. Assumi.n3 CPT=tinvariancg

Lo (B =R, (¥), sothere mud be
cmqensiténs Asymn dheies.

Complex phasss inV (38 to physial OF
effects, incl uéins cile ‘lit)m’tfils,
ﬁ""“ﬂ\" irbes fecence bilween Ou‘:\i‘twles.







Gentealiag 9, Suppose Rt \‘zcuiu-t.; |
conteibit tons Feom twe diaaramt
$

N .S: ' ] o f
®'>5)= | M B Nledem eus"-
» - ¢ ‘ ° e ? )
(62 Fy= | Matiinges 4 WeiFn §451'

o qoing Yrom 3 procsss Lo it"@'""'ﬁ’
\‘;qc, ?\\‘asu CEvEcse, but Mﬂ‘“’j 5

\se changes.
he intesdecing am‘:\i;tuhs have Jifmn'l’

~¢\3t1 e ?\a'asz in B>F M B>,
% both CKN and slromq phases are

ssent,

r(E-§) % M(E->%), c¥




(Bah)= M M+ QNN cos(9 + ),
F(E=>%)=M"+M*+ NN cos(-4+95),

whete
¢ Z - '
P = 5w Soxn B3= &=y

To tast the SM of LP one would
([ike to dstecmins @ .

F(B’-bﬁ) an) T(B=>F) do nob delermint

In %mua\. in B decacss 3 clean

teit oF the SN (s ndb posscue




'Dacais & Nealeal B Mesons

It s Q-com ntut\"al B e\scags ﬂ“ﬁt c\ﬁh
KM phast inPor malion can be obtained.

ve tesat B,(5d). By(bs) s similar.
The B4(Bd) and By (bd) mix vis

*

T Vg t Vo 7 - |
hf‘ .

Gt %
 anq[ABE )= 3 (Ve VY 12 dean




. As for the neadcsl kaons, 56 Yor The

By, B, system Uhese (s 3 mass mateix

M=y " )

u

o Whidh My, = The £t box diasfam..
The nedlsal B mass stsawa\uss act
A=K *m ‘-.'-z.mt—i.%-
Since M= M, (V=VH =T ],
L=1_=T.

:Nsd.\w.c’b mass £i3zns’ta1l hasa s?u:ial
decay mode, and the twe tlqendtales haot

many modes (n common )
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The wmass usznsti&s are

8. = 18°> < g 1592
where Ut y
S UaaVee): g lideen
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m) _yoJosz0l0 ARGUS R CLEC
T, ¢ Lorgsolo LEP

T\'\t 3‘ FJ osu(latwn (S 95 ’;ait &5
the decay,

Sug ose ¥ isa Swal stale aceessible
&oﬂ\ ‘bd 3\\3

Examg\ss: @'x, D"K,, wx, VL.

e



ﬂ-\zn :of ‘b‘('t)'$$
[0 = I<HITIBSY = ¢ x

[ ecsimgs - 165 s mBay [
H/_/ V

é-s LY V- ¥ M 1,5“." Q

iy
Assume one Jia?‘m dominales
®=¢ {SN"+ St 2cs W sin(¢ + @)}

roc the CP-miccer imacst. Jtcas ,.i:(t)-s-f ,
LSt SMT - 20 MR sin(=¢ + )}

t)
Heee .
¢ ::'.15:‘ 8:'“-1-8:“ 3 ?s- .(5- ig
1)
Negk. CKM 9\1‘355 Waknown Stfon3

ot interes phase
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@ occurs N In intec S ecence, 't'um.

CP invariance = ¢ t)= T’; (©).

w f#£0 = oF

With T and am Yrnoun, T and Tz (®)
determing M M, s, = sin (9 + ), and
s.= sin(~4 + Yy).

Then
sin = L+{1-s I 5 9]

Then stn@ can'oe com aw\ to the
peediclion +rom the QKH mitm To Test

the SM o CP”
(Alcksan, Dunicle, BX. Le'bi‘;ircl(r)

Ndz the detseminalion o © Ls‘t\»ioritl'callﬁ clean,

2¥




“he 9 thet is o\::J in 8 aiote deca
‘Bact)"‘s 05 P( 3 3

@ = CKM Phase | — Ay~

A(bd-bﬁé\ * A(B-;—)ﬁ ‘

Examgle: In By(0) ), the Y we
vvobt is the CKM p\aast of

@m}@@ o ‘€+)

.nnit ) 'uu c\e
> l.l 0::3[\/“4 \?.‘,,th\’“].




J'n\e, CKM p\nast."f pfo\:tt\ in amsB
clecaus 'S
n_¢'3 [SOma pfﬂ&!&t Ok' CKH Elim&nt$!,

3?iciat CasSt 0‘1\' ﬂx& ‘vormal\'sn\: |
fisa CP slqenstale

COIE>=1ID> (', VK, )

b — - |
 @mEy =<5
= q Me e
— R é'i CeM ei'z; .

vl <¢ _S* _ _fo |\‘=-r
M=WM, 3 =3 ‘?s-.-.o(s-i}-{u’m*“__

cLn )

< ¥



:\::(ﬂ =Me * {1(’1’1 sin(amt)y, sin'f} ’ ‘
with 9= (80, ).
(B it CasTes, Sanh)

D uwi str, Rosnee

n\t asvjmmitca
M = - $I'.n(&mt) "; Si'\‘P

w <+ 9

tleanly detecmines sin €.

on. A(Bg=>6) s AR~
- hated \:3 one diésfaw\.

?tnju'm
¥ [Cortcibition

K£5 29$ Um\?t
ace txch
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In C)'rarséa[ B o{ecqys‘) r'+-=¥ F_ r‘ecov,aires
both CKM and 5frong F)vases.

In neu‘fra/ B o/ecays)' r}(f)#é(é)
Nno sfrang P/resczs.

recxui,res

\/‘Vhy?
When we ge Frow \:c(é') Zo F;(é)) a{[
CKM Phases ceverse. Thos, L f r;c{,é) and

ﬁ-({—) are To alio(f'er) Samé lese mus?t
F e >
‘S %‘df f‘d.ﬁf .
T \E—’aﬂp(—lz SCKM)

L(¢) = e‘”[ c<FITIB> — z's(e <FITIB>) |

not reverse. Whet

e <#ITIRS N = Ls(p<HIT! gy |2

Makes sérong Fha_se

unnecessar)

8=

*CKM : CKM Flmses reverse, and nothing
olse changes (7



) How will the &xeec'imuits be done ? |

C¥ in B decays il br studicd ot
both Wadecon 2 celeralors and efe”
collidess. These studics will c.oup\tment
tach other.

Youw manb ‘B‘S 3C& ni.sclacl?

Example: "B-: t)>VK;.

Sugpest —
¥ )"’*‘A ~‘a.

Asgn = LLBE2YK—TTBO

To ssethis Asym Love IN stalistical

“ucx\\‘it(ons, Yoo nted ~|03 detedled

- B> VK Jaags.

C TheWs detected U'iiv-'g " or e,
PRV (' os ee)= 12%.
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o IO" Bgﬁv‘*v‘(s Acca.,smnssded,
BR(B~ YK\ = 30

co~l0® By ace needed.
For othss,typical, decay modes oF inteeest,
the number 3 B's needed (s similar.
Wour gasily can one 3tt 10°
The e co o'&rs ?W N &x‘amg't'.

¢c —>T(4s)—>B B, or B8
c=tnbd B 50% 50%

To 3:,1: o B;fd pais in Curo years,
wt netd 3 luminosiy ©

1= ,0'/[(05 WYX 6 x 10 53)1‘: 3:‘0”/ (n"'-StC.

-0 B's ?
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' The peesedl geek luminosit3 ot |
CESK s .
i?rzsznt = 3xI0 /Cmt- s¢C

’, ?co&ucims tnous\x B's will BS q
challenae.

We need B $actories |
Befns built ot SLAC and KEK.

Taqying
To compare [[8,0) >VKs] with

[ [B,() =>VK,], we musk be able To

1t the pareb_ot cach decay ¥
3 b, ov 3 B, G).

- Ontway: & c—T(H)>B +3
' " f#‘"s \:f-r,,,

3%



3B, and By can be éustmsmshd by

Y M
_ﬁ Y §
US.
b c

[ ' _
B, 3,
The ctmzi.ninS‘B inthe ?air és‘t‘sm ta”u\

Anot\"ﬁf wats 'f?—>3

Lan™ + B 3
- Bd id
o < s B =2 <

“Se\b-T 9\
33 3 (G\'oni\l Nt"(,‘kosnu')
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Why an Asymmitcic Collider?

Answer: (Quantum mech anics |

+
L]

Peoduce the B mesons iz
WaT BR~100%
3
é'e']'»’f;ﬁs_)f-) ¥ (or¥'E)
o=1 »m\re.

Nelral B spoir: UnTil one Assaujs, at
any qisen Time, we hase one® and one
B, Assqits. MIXLOG.
X Vi
t, t=0
b Tls) B

L (taﬁs ?aczo't 0 ?)

Y



Su‘; ot Time Ty, 1St‘B->£ X.
.n"iﬂ ol 1), this B was a B8°.

Then 3% 4, other B was g B° |
(Einﬁtin Pe dc skj j ch@

The vimmms'B will nour mix.
IO T AN A S A A

Tl T | (cin @) sin[am( £t}
;__—V—-

Peob. Thal
both B‘: Foolabion atter Time T,

. e T(tet) {1-!- (sin@ ) sin[am( ‘L',_-’C.ﬂ}

ﬂu'.s \'\o\és toen ig’ ta,<tl . (B\an\&inbidif)

3 ¥



& dccas Times comob be measuced,
the CFP sine ware conteibules

C .g dt, Sét; ghiret) s'u\[bm(t',,-t.ﬂ =0.
5 Timing indormalion (s crusial

5 ((4s) is st cest in lob, sbwrD
dogs b ap "y eno\ss\n foc ifs
pathlength To be measueed .

s Duid an ascjmmétric. colider,

Righ E Louwtr E

‘ -___)_____—-—q——-———(—__
— ef
T@s) B o



'USSLL\I\\&&S o? non—CP-eiqenSta‘t&s

Or\'&ina“),'ﬂsatdt of the SM of CP
was to be based on D CP sistnstat&‘

The c\n‘a\\thst: To 3aﬂwer ststisties
A f\“fc.zl b Auaoj mode has a small BR.)

To maxinize the im‘mt oF a 3&\)9\ \uminositm
study nib jud BCP sic}ms‘t'a‘tts, bt
Ao B> othee kina\ states.

Tt 3 CP iisms‘tate and 3 non- CP-
tiamst{.b e both produd Bﬂﬁ"t
SaIME &:uvk- levs! procsss, ﬂug both
peobe The same § . One can improvt
the stabislics on this @ by consi‘Jtrioj
both ok these Final stales.




Attention (s still Focussed Oﬂt”*wj
final stalss,

A Two-body Fenal stale ¥ can Fail To
bea Q‘l’-eigwtitc 2or Twe reasens:

(s net a (P-self-comuqalie collection
o Qa(h‘,o\.es (eq. Q*m') D*+I>") )

“t.\'t ong Can Ust 'Unttac‘wni%ue gor g*f

CFilsa (P-<e\f=~con u33te co\.lictt'ou ot
pacticles, bt (s no% 2 (P sisans‘tﬂle because
it is 3 miature o partial wares giﬂ:
ditfecent LP p‘ari‘ti&s (e.3.VQ°, DY)

Wees ont ean tsolole 3 (P- tiamstsfe
comvonzit ot F bj 3“3&‘3!’ m:asqctmgg‘ts.

s
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T. Non-CP- Selt- Conjuaa'te Collections
o8 Paclicles

A useku class —

Fingl tdle § = a,&,, whee o n
a, are differenl mesoms but have the
SamE q,wark conlent %!?*'3, Then
0%, =(qugu G qy) I8 3 (P-se b~
conyuqdle collection or guarks.

N\ o

E"!‘ang\: _— . -
f et = (ud)@d)



When o, &, =(3,F, XTxqy) cxM am
) d—"‘a.:é'. N has 3 si;;.;’-vz‘atsl an.‘aos
i" -‘5‘ -» Q"Tg.

—

§= Q" P, ¥ aa: |
B‘ d 3‘ 9 Sk
= _ ) |
s Q. D Q"l
T_cp- con:)us‘a‘tg-—ﬁ’
'??OLESS&S

Dl the( steone) binding ot the Final it
:a?-B T :\?3 a,i':?r caks the CP~

conyuqucy ot the two Jiag\'am.
Thestbory, the Two ‘Jiagfm should

have coupnh\t. sing)

(Alsksan, Dunidla, DX, \e Diberder)

e



] & — g"'-rc"
- ?_ - B—('*
d ad

"’
Weak Stron3

B¢

—
Weak S‘tror\s

We exped Uhese intechesi Tuds
To be of conqara\:\zt‘:{?c.a"\'tuw
o QX can be large.



[. CP- Selv- CQnBugit& Collection oF
’PQG\'\o\es w"ﬂ* een

Ex'emq\f.-

d\atj—l
}\ V() m \(4\), ,{

3!\‘3 K* ——ﬂ<—- conteibales.

Hi\fdt3 ——-> -Heluutj

\ o WK e s rreey likzl5 not 3
c? zistnst‘itt.. |
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Howsves,

dV  _ 2 . 2
Teews) = 25 &, + b
ROM. >\=0 ¥\‘OW\)= 'ﬂ

The cos ©, inthe X antju\.'ar
disteiodtion selecls

B— ¥0=0) + K; =0

\_—-\/—/
c? t'tse nstale

(3 .K., Kucoh ) ?i.ct-il'.) Sa\\lzh

This decay Qco&s'\%s samE P as
does ‘b'*\v.l(s: (Po .



| Acsuracy in B VK is ingroved by
using) sl available ang\&s.

Then, $or 3 qiven numbee o c\ecaSS,

Eceor (sin %)\ VK‘=(1 - 9.5) % Eceor(sin ¢.\‘W

(Dunidla, Quinn,d mjAe? Toki, L(?\O\\)

T niluse (s cea\hs kind, all B=>WVK*
bsi.t.\& A=0. |

ARGUS: 1a=0 5098 @ 95% cL
‘.ﬁl\x

- CLEG _\{.,E_Q- = 0.79+0.10 £ 0.10
‘ | A




IWhat independent CKM phases P ewist ?

Recal that
§ =19 T Some Produd oF CKM Elemenls]

What i.n&e,?sndent ?\\GSES ot ?colucts ol
CKM glements exist?

The SM czauicf.s that \V be un'dzrj.

¥eom ¢ tcimedtal Jz‘ta, the eougl\.
maanitulss & the W e sumn‘aﬂ:)&‘

La A= 0.7_)_)—- (uolctns'tsm)
3 o ] \‘) 1 nl
1) 2] b

/CKH~ 1 Az (:) ualu
A X
As ® 1 . COHPl[fx,

The inde@enenl ghases a%e ar9(Vuo) ad a0V,
The Qhist-conuts jon-indepeadedl pictare: [A's]

g



Unutaﬂts o‘? t\sa QKM ma‘trvx. Lm?\tf.s

* Vad Vais \Jt,

s VAV VaVE e ViV =0 e
N \ . SN
V‘tsv':b

*

bWV VVE + VoV =0 Al
N N A‘

Yua\’«: thvt:
% p ¥
>‘3 )\3 ,\3 |
¥ V\a\lcﬁ
& V\u\\lc& + \I V + ! Vd, Wﬁs
A A 2y R el VA
¥ Vdav v 4
:-t' Vd\ltL + ch\/ts T Vcb\/u,'-'-o V VJ; A
>\ >\?. XL
VisVox,

b 4
t YoVg + VieVee + Vi V=0 vv*; ; VoaVes
. 3 X2 b G
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I Ved Ve Ve )
) 2
-& A ;aof‘(f:--in)T
Y I--Z-g' A
3 .
| AX(1-p=in) ~AN 1
i th

A= 020500018
A=084/x0 12

W=0.36:0-oq

=7 ’
(ALi + London)



lIn the Wolfenstein ap coxtmilion, all N
A's collapse txctgt g«. db and ut
A's, whidh become £qul'.tra| enl.

Wz Yocus, then, onthe db &

Each 3nale itn any of the unlanty A (s
 gssenli Sﬂ'.e phast of some product of

. CKM ¢lements.
 For Eﬁiﬂ?‘% »
=% — [aeaVaVi V) |

| he ‘lnj\zs in the wnil adt3 85 1y 1 cmiﬁtu%n»
 indegendent.

5{;



)T the Woltenstein 3 groxim'a‘tt'on, the
independent phases J 1y

¥ [=-3r9(Vp) in our phase comrerlion]

and
® [v=209(Vg ) in our v\wm convgnlion)

As 3 chsck of the SM oF £F, we can
dso measace o« and see of
d.=‘lt-?—‘&,

Ve would ke to Bind B decas in
uwrhich the measuced @ (s « 6, or ¥.

W\qic.\-\'b dscaqr mo&ss ero\:e eac):\ ang\) 8?
In B‘Cﬂ*", 3“‘ oc's, the § probed is

A(By>5)
q - CKN Q\nss [——.—.—-:""—] .
A(B.‘-'-‘BQ) X A(B*-»’;)




 Now,
3y [ABB = ﬂ[(vuv:sﬂ T -dp
arq [MB>BH= arg LV Ve Jle 0.
Thecehore—

5L
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Study

To PPO!JQ Deocfc-zys Invo[ving
[Zs
X B, b— w + gosl
| 2

=

C

% BA b>c+ uUSs
i«

Cs

cd

O(_ BA b—?'LC'l" Te
U

9.3



PossZLZ/ usedw ! modes for ¥ :

Mode | ..((BRD
c -
-D .,
b /usﬂ_ } 2 x 77
O—«*
3
b “ .
o S Xl enguins
3 K's
e .
i*< 2X /0
5 ¢
b w —
2 i -y Tiny
d 10 T terference
3 ks



Mode

+

Sy
J

Add hlc'ona/ /pmﬁes o ¥

Us & —

((B "2“

GPOWQU——

9, X’C_q (Wﬂ/ér— ,

oJ X 10 4 (:Do(m'e",c?-)

~ [0 Gronav

H er na/uo(ez
I_ondon
Rosner

W



|
An 'u(tf.\'ts'tins aQQcoac\-s: P> D + K‘
L '
(Geonan & \J%\f.r)
his awcou\n Nyl Sles 't\\at somelimes
lgan CKM ohase L¥ocmation can be
Aeaded gren Trom charged B decays.
KOKITIED> =
e ITIEDKITIED
\(eD %
+SCCITITFEITIED

£ D+D.
D 2nd D have celalive CRN

ohase Seem 3N celotive cong ghaseat;
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. ?‘1‘:\ (v~ (K"K'),,f] = | D+ 1*

= DI+ {1+ 21D D) cos( D Asr)
2T = (KK
= (D + (D1 + MBI cos( =3t <sy)
Measure (D) in B+—'> :D:-:n‘s:x"
et o Wt
Measure (D) in BT DL:KE.“-
Tren T delesmings cos (et ®sr) = Cy )
s U » Cos ("chﬂsv)z t..

Then si,nz scm= -,‘_-[\ -C L.t ‘ (1 -c:)(\'C} )] :

"Com t\\z disacams, 3 =Y-Tt.
Psr\mggs -?sa:?b\a S\Z; s;«mdcic collider, (Stone)

5¥



IProbes of B| -

Kough Pengw' ns
B R Wor r[sonte?

¢ May be

EXID
L;ke 80{—977'*7!'*



) Co[or' SUFP ressea/

Mode

LLL /3—"*’ “i’

7
b c
C
d
d
b c
%
d

Kc(l-)

/

v V..

eo(ﬂ")
(%)

Dep

e"(n")

Probes of &

Ro”ﬁl'l Penguins
B R War‘flasohe

3xp0 " No

X 107> May be

10 No



|

Pobes o£x|

Rouah Pengudns

Moa’g BR Worrisome!
,@—a TR, A .
; £ Fu ’ EJ | QX/D—E Ma/Be
, —r"

d

4



|
ToTest the SM oF o9 s'ruég AecaSs which

inrolre diffecent qwar\t processes but

'a\\usst\ﬁ yield the same CKM phase.

To bm.(;ro\rz Stat(stu'c,s, s‘tués several
dtw.? which invdloe the same gu.atk

ptoczss.

Ld AS now (o] b& A ﬁ\ﬁ \{JOl'me‘tsinﬂ

e e e
'AQQ(‘omma'tLon,t\‘Eft VC‘H E X“‘tl‘j/ ané
ask asain —



Wht I“A‘-EE“AE!\)C Phases § Exist?

F"‘Q“"\t\‘j, Vis paramétrized os
V=N(e,6,,6,, 3)

s’
Mixing ‘aﬁ‘ta — (‘:’ﬁ‘:sa\tx

220 = £7=0

Bub £ ina® decay dogs nol measuse
O in Yy diced] Wy, It measuses

Q= A 3[SOMLProAu:I oF CKM Ellmcﬁts]

= Conq\iuu :mc't;u\(eu,e,_,e,ﬁ).w ]

(L



1 In oOne FOFU(Qr' quame z‘rc',.zaz‘c'aw)
C,Cs S,C3
—_ ‘3 (
(& 2
i S| Sa -'C,C.lsge _C‘S‘z"’s‘,Ca_Sae(

where G =cosé [ S.= sin &; .

£ S




L S‘tuuts o" M in B c\eags, .t‘akt
the basie ?a\'amitevs To be the phasés
W ok ?coéucts oF CKM elements.

What imlcga\lu't ?\\138 of \arocluél's
of CKM glements exist ?

The | 'ang\ss in the uné‘tarijfs 'ttianﬂ‘es
are ?\v\a&; o} ?roéucxs oF CKM E\Emtﬁr,s,

At moil, 4 of thase angles st independent.
Si.mq\t dicech 9:005?-.

Notation: ‘Vd;_ |
Grek: u,¢, T I Roman: dys, b




The LA szcaft'nﬁ Lha? columns iancJJ'are_L,

he 1) A

g
P

Vi Vay

T‘oe A szlafc'nj ﬂret/’ rows o ana/p are L °

nt lines

We WFEZIQ f})e an3/95 as Cpﬁiarg/g

jac

<5



rood that on/y 4 angles are inJepenJ;n'f:

ote that —
Row Col
2 _ olgmn

ch Vo vc.:f V. V* cl\}
¢d5 = a)ng Vus \é: zmg V::\Z:J'rcpuj .

_-'ver)/ angle LN a “row z‘réangle)) (S also
)

LN angle n a “Co[amn Z"rc'ang-»e .

»
Ne facu_s) zlﬁen) on Zhe “co/cmm frz'angfes .



Mhe angdes of each color add up '1‘0 L

We can then e[c'ménaz[e one of the C‘a/amz A)s,
The remaining tTwo confain H c'nc/epena{entf angles,



Call the in&tgf.n&en't ans\ts
q’q,s %=|,1,3,‘f,

T
‘-(’-' Ar [S omz?\&?\mwg’:‘:"ﬂﬂ""t
Peodud o KM E\emen‘ts]
then “
Y = ;' %‘Pa' ) Ng= tn‘l’e3zr'

The ‘-P awce the inde gzncl enl ?kases
or ?codu&s of CKM glements.

Studies oF L in B 48(:35 are prolaes
ok the 4 m&ege«lm‘t Pbam ‘(’q,

63



To show that qO--:Eq'_n 0, —
g:l ‘bﬁ'

Choose Zhe f})ase convenlion £>/ muli‘épl/éng
rows and columns by Phases until

% % r ]
— = V'ea[ e/emenlt_-?: r
ey =~ | ¢ %"
- r * = CamFZex element

Tn this [)que convenf:'anD

d * *
@ = arg(VudViu Y Veg) = @79 (Vud)
@58 = arg (Vi Vi Vi V) = 29 (Vas)
C?f:= arg (V, 4 V:;, ' Vj;)= arg (V)

0% = arg (Voo Vi Vi Vi) = @13 (%) |

&5



7
—

In ovur Flrase con venZLz'onJ

¥ = arg [Qome r'eflaasirg—énvar-z'qnf B
Proo]ucz‘ of CKM olements | =

= Nyl arg (’*.ld) + Nys arﬂ ('I:“‘:)

I——- inf%ers —1

+ ned arg (Veg) + Mes @rg (Ve )

db L
= Mud O+ Mg cv;f t N @ jf’ N B,
Tn short,
Yy
P => ”%Cpc,} :
#=!

SihC& @ ana( f‘!d @% are PQF;IQSZ}?‘?—-

Z'rzvart'anf) so (s féz's V‘eéezfl'ém,

Yo



Su"ou that B Jtca3 £xp eciments
del eeming the Q;

Once The 4 an\.e?enéen'l: L?% are Known,
Hhe extice CKM malcix Tollows $eom them!

Proo:

Tn the prwiouslg- ac\o‘;‘td p‘\‘asz
conutﬁion,'ﬁnt p\wases oF the V.u',

fha ace néb cral md gositive e
determined disecdly by the Y.



Row conthe Pk-asts ‘?q, d&leemine
the magnitudes IVl ?
U»ni,ta\‘i,ts |

The 4 lndzgm‘ut q’%é" AlL I8 ‘-Pa_
= 5\\3?:5 oF all The tt’iﬂns\zs =
Rtios of \tMSUss ok sides in gach 'h'ans\g

Then, for example,

VICAV":A Vc.& :\n Vusv:b |V¢a|z
v Vo v Vs | Wl
We can 31.": \Veg)/ IVudl® similacly.
Ueitarita: | Vugl2+ Vgl ™+Veg\ " =1,
 Then IV ,\Vd\",\\lﬂ\" ace all deteemingd.

72




)
Four \masni'tu&s (8.3,, Wml‘ , |VM|,
A (Vesl), plus one sign, plus no

‘:\\au‘:, 3u\|5 detexmine V.
(3er\ S ‘&03)

\d\nt we \\‘auc shown here is that
sour ?\w ?sts, Q\us no masni’tu&s,
dNso Su\\s dbecmint V.



Ts (T praat’-a\ to déterming the 4 h
idegendent “9% from LF efbects in
B decay ?

An i.“uminétins choice o ‘(, , .,,"'fq 'S

\ns\& Choice E’gﬁ‘f"&

@ arq(VuNEL Y Vo )= ~l
g (W ViVaV, )= ~ 1
g aV VAV W)se  ~005
@, g VeVik)=€  ~0002

5 . /
TO c\&r\mna & of e, oneg must meaesute

2 small &F eftect, or the small difreren
‘ bween Twvo bﬂsc C¥ eFlacts.

%



An L\\ms‘tva'\.'..'wz cow\@\,éte sa,‘ti oi,\
B ézc.a\‘\ SXDEC im,t.nts

Eg).ca,ts ria'.\& Q}xaﬁTiI Y MEQ'S‘@&.

Ba—>T T sin 4

)k + e

R’ K Sin (\6-&’)

° Ve

B = Yo 3

-)

®,— D KT sin-(¥-2€+€’)
or

()

B, O cos Lot

Al discrile an\)isuﬁizs e be \'tso\ve&-i

‘ Q. .4 O |
'GS :;:}:3\:‘;; ) Dumtts, A\t‘tsah,‘b w\itts,ﬁx.



Su“ost on\:, Q,Q, and € can be mas«rtj,

o a 3ooA P coximalion,

Voo 'z | 5in@ sine

Neo! = lsina sin¥ |
nd

Vﬂ 2.2 56\( oun € \ .

-\7;,._ | sind sinQ: |

; Mhese gre inleredling CKA P“"‘“‘t‘“
 which are dificult To oblain in

? Sﬁ'\w unss.

”



Summacu
~’

T8 the known weak nleracdtion (s
behind £f then CF comes from
gheses (n the CKM maleix V.

Bdecags wrill cleanly Test vhether
Q\"-P.SE.S ‘.V'\.V 't t"‘E Source o?ﬁ(f

L ” s’ )
T the answer s 4ey, we will see

some eey ?rﬂts) ?\ujsics,

I§F the answee (s «no“, we artll haye

sclc\an oY ?hssics beu)ohd ﬂ-se SM.

a4
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Tore,
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