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Motivation

| havebeernworkingonbuildingSCTmaod-

ules.

| will be working on simulatingB meson
decgs in ATLAS to determinehow fea-
siblethe observatiorof thosedecgs will

be.
| | | [ | !
|leptons © guar ks l(j L
e
BO%hbd ! * | allovedinthe SM
BO(bd) ! e* | leptonfamilynumler violatingdecy
BO%(bd)! * | leptonfamilynumter violatingdecy

Thistalk follavs my own attemptto understandhe theay that allovsfor thesedecgs.
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. a bit of particle physics

Quakscombindo form hadrons:

Baryons: eitherqqg or gqgq
e.g. proton (uud), neutron(udd)

+

Mesons:qq eg. *; ; 9, BY (bd),B2 (bs)

Experimentalpaticle physicistcreateheavy unstablepaticlesin collidersand they decg via
strong,weak,or electromagnetidecgs. Thereare rulesgoverningvhichdecgs canoccurand

the likelihapd of suchdecgs occurring.

Totalitarian Principle:Everyprocesshat is not forbiddenmustoccut
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Conserved Quantities

Noether's Theorem: Whena physicakbystems invaiant undera continuougransfemation
thereexistsa conserveduantit,.

Continuous Symmetries:

{ timeinvaiance! energyconservation

{ translationainvaiance! momentuntonservation:

T=1 i%
h
p isthe generatbandhenceconserved
{ rotationalinvaiance! angula momentunctonservation

{ phasanvaianceof L ! chageconservation

Discrete Symmetries:

{ chageconjugatior(C), paity (P), timereversa(T)
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Standard Mo del:

Some Conserved Quantum Numbers

Q
&'0(0 N K Q)‘§O
& g F& &
\‘&@ o @Q’Q 4 <§0§0 @Qo
D » S S S
RO O&Q’,@O & ,5&\0\\@
e \& o . . Y <
Force NN 9 QRO
Strong 3 3 3 3 3 3 3 3 3 3
Electromagnetic3 3 7 3 3 3 3 3 3 3
Weak 3 3 7 7 7 3 3 3 7 7

Q is alwaysconserved

J=L+ S
total angula momentums the sumof the orbital andspinangula momentum
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Baryon and Lepton Number

B, baryon number. B(q) = + 3, B(q) =
I mesongqq) B = 0O
| bayons(gqqg) B = +1 , anti-bayons(qgqg) B = 1

1
3

neutrondecg: n! pe e

L, lepton number. L(lI) = +1 andL(l) = 1
Leptonfamilynumber (LFN) is alsoconserved

muondecy : I e e Le | L L
1! 0+0+1 :L e ;e |+1] O | O

0! 1 1+0 :Le e, e|-1] 0] 0

; O|+1 | O

o O|-1/0

; O] O |+1

e o 0| -1
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B and L Conservation

oscillationwiolateleptonfamilynumber andcanbe incaporatedinto the SM by a change
of basistlgelvveenvveakand masseigenstates:
] 1>= U] i > whereU; isthe neutrinomixingmatrix,
Thisis analogouso quak mixingvia CKM matrix

ProtonDecy: p 6! e* 0 [exgerimentallyiifetime> 1032 yeas]
(B L) conserveth someGUT
No bosonin the SM couplesjuaks andleptons

Noneof the follovingoccur:

S A
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C, P, & T Invariance

C paity: exchangef a paticle with it's P paity: spacanversion.
antipaticle. P=( 1)Lt
C=( yt*s P(q) = +1, P(q)= 1
01 ; 06!
4 s) ' BYBY
P(4 s)= 1! PBY=PBY= 1
P= 11! P=pPgPg( D)-t= 1 l L=1
CP: C _
n|_ 7 > nL
= J[ K J[ P
CPviolation:testsviaB °=B 9 decg time
Nk A > ﬁR
C

CPTinvaiance:if CPisviolatedthenT mustbe also
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Strangeness and other Flavour Conservation

Flavouns conserveth all decgsexceptweakdecys

Isospimrojectionis equivalento "up-nessbr dovn-ness'

Q: 1=3 Q: +2 =3
d 3 = 1=2 |u lIg= +1 =2
S S= 1 c C= +1
b B= 1 t T= +1
KOr1r # pti1 + 0
q d( 3)
0
i 2
W y (+5)c d
+
(+ 3)'s u( % iy wee
0
K . .
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Flavour Changing Neutral Currents:
GIM Mechanism

Mixing betweenthe weakand masseigenstates
- considerfor simpliciy, the rst two generations
! !

|

0 ' 0 '
u u d COSc SIn d :

0 = 0 = . ¢ ¢ = Cabibboangle
C C S SIN¢c COSc S
40 d°= (dcos¢+ ssin ) 0 (s°= scos. dsin )

z0 z0 z0 z0

u® d°= (dcos¢+ ssin ) c’ s0= (scos. dsin )

| uu+ cc+ (dd+ ss)co€ ¢+ (dd+ ss)sirf ¢

+( sd+ sd sd sd)sincCcoSc

Thelastterm= 0
) to rst order(treelevel) avour changingheutralcurrentsare not alloved
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Extensions for B? decay

0
PR
Needto extendrom o to s for BI(bd) andB2(bs) decgs
bO
0 ¢ 0 1 0 1

C1 S1C3 S1S3
%s(& = V3 3?@s£ V = %3102 C1CpC3 S»S3€  c1CpS3 + Soczé€l X
S1Sp C1SpC3 + CrS3€'  C1S9S3  CoC3€

wheres, = sinq; ¢ = cosS1, threeEulerangleq 1; »2; 3) andaphase,

Vid = 0:975 Wys = 0:221 V= 0:004
CK M experimentavalues V  Vg= 0:221 V= 0:974 V= 0:04
Vig = 0:01 Vi = 0:041 Vi = 0:999

The rst order avour changingancellatiostill occurs.We needsecondrderprocesseso
explainavour changingreutralcurrents) the decgsare suppessed.
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BR(BJ) / (Vig = 0:01)2
BR(BY)/ (Vis = 0:041) 2

Heliciy meanghat BR (B !

BY !

+

Second Order BY..! *  Decays
d W
BO u; c;t
b wr "
BR BJ! B! 7
SMtheaetical 1:5 10 Y 3:;5 10 *
Experimentabipperlimit | < 6:1 10 7 [ <2:0 10 ©

IS exectedto havethe highestoranchingraction

+

) > BR(BJ! e"e)) O(F)
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Second Order Cancellation

If the u; c quak massesre simila then FCNCcancelt box diagramlevelalso

d coS W d sin W
KO u KO C
S sin W+ S coS W

/ (du:us dc:cs)cossin

The massdi erencebetweenthe threeQ = + % guaksis large,
m(u) = 1:5MeV, m(c) = 1:3GeV, m(t) = 175GeV,

and avour changingheutralcurrentsare predictedat box level.
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BR(BJ) / (Vig = 0:01)2
BR(BY)/ (Vis = 0:041) 2

Heliciy meanghat BR (B !

BY !

+

Second Order BY..! *  Decays
d W
BO u; c;t
b wr "
BR BJ! B! 7
SMtheaetical 1:5 10 Y 3:;5 10 *
Experimentabipperlimit | < 6:1 10 7 [ <2:0 10 ©

IS exectedto havethe highestoranchingraction

+

) > BR(BJ! e"e)) O(F)
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0 +
more B d:s |

An increases the BR of this decd canbe explainedby vaiousmaodels:

two-Higgs-doubletgep-ph/0004139) d H

) BR 5 10 '

Sugersymmetryhep-ph/9601225)) BR 2 10 B

Z 9 mediatedavour changingieutralcurrents:Introducea newV, 3 whichis not unitay,
andallovsfor FCNCat thetreelevel)l BR 1.5 10 ©

Y. Nir andD. J. SilvermanPhys.Rev.D 42 (1990)1477.
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ATLAS Experiment

ATLASwiIll be a good

environmentor the studyof
BO1 %]

1010 B mesonsn the rst yea

(Belleis currentlyproducinglOOmilliona yea, total to date= 150million)
Belledoesn'tproduceB { - ATLASwill

Gaod momentunresolutiorofe and

BR(BJ! * )>3 10 10 95%CL

BR(B2! * ):4.3 signalat the levelof SM predictions

In the future SuperKEKBcouldproduceB 2 with 55 decg, but with reducedates




