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Precision determination of «/(~)

® precision g determination in b — cés (B — ¢ Kg):

8= (21.7713)°

with ultimate theory error at (below) percent level
Ciuchini, Pierini, Silvestrini, 2005
Boos, Mannel, Reuter, 2004

# Sets high standards for «, v determinations

# what theory errors on determination of o ?
s ISospin
s SU(3)

» 1/mb see talk by M. Beneke later in the afternoon
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alnB — mr™

# two amplitudes with different weak phases
ABY = 707 = Te" + Pe, r=P/T
# time dependent decay width
T'B(t) = nm7n7) o< T [1 4+ Crv e cos Amt — S+ sin Amit]
# expandingin r
S o = sin 2+ 27 cos d sin(f + «) cos 2a + O(1?)

#® 3 measurables vs. 4 unknowns: T',r, 9, v
to fix » additional input required‘

# larger r = larger difference sin 2« — sin 2ag
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Sizeof P/T

—- isospin —- SU(3)
P/T
7T T
o~ p° e
o~ T
TPt _—
0.2 0.4 0.6 0.8

® hierarchy: r(ztn7) >r(pta ) ~r(xtp™) >r(pTp")

# in SU(3) (and 1/m;) approaches: expect the same
hierarchy in the theory errors
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B(t) — nm
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B — mm and 1sospin

_ _ ~ Gronau, London (1990)
# completely general isospin decomposition

Apo = (n"77|H|B®) = A5 + %AS/Q - %AWZ
Ago = (n'm°|H|B") = %Am + Az)9 — As o
Arg = (7 |H|BT) = SAs;n + Az
® neglecting As/, ~ aAy s (1.€. ~ 1% correction)

Ap -+ \/5{100 = \/514_1+0
Af— +V2A0 = V244

# neglecting EWP = A, only tree contribs.

67;7144_() = 6_7;71214_() = ‘A.H)’ = ’A.|.()‘
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Gronau-London triangle

® sin2a from
D(BY(t) — ntn™) o< [1 4+ Crp cos Amt — Sy sin Amt]

‘ sin(2aef) = m/\/l —

|20 = 206 — 20|

A=A
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| sospin breaking

# sources of isospin breaking
s d and u charges different

® My F My

J. Zupan afrom B — 7, pp, pm Beauty 2006, 26.9.06 —p. 8



| sospin breaking

# sources of isospin breaking
s d and u charges different

® My F My
# extends the basis of operators to EWP Q7. 10

#® mass eigenstates do not coincide with isospin
eigenstates: m — n — n’ and p — w mixing

#® may induce Al = 5/2 operators not present in Hyy
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Electroweak penguins

# separate triangle relations still hold

9 neglecting Q7,8 Neubert, Rosner; Gronau, Pirjol, Yan;
Buras, Fleischer (1999)

pAr=3/2 _ 3Cy+ Cio VyVid 1 ar=3/2
eff EWP 9 Cl 4+ CQ VJqud eff,c—c

= e AL =e T2V AL, butstill |[Ay| = | A4

= [a=ag— 00| with [6=(15+03+03)

conservatively ~ 2(|c7| + ]c:g\)/(\(:9])<\0.2

® the same relation
eNT = e—t(v+20)

holds for A7 = 3/2 (tree) amplitudes in pp and pm system
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7 —n — ' mixing

o 7V w.f. has n,n admixtures

7%) = |m3) + eln) +€|n)
where e = 0.017 £ 0.003, ¢ = 0.004 £ 0.001 Kroll (2004)
# GL triangle relations no longer hold
Ar_ +V2A00 — V2A10 #0
Ay +V2A00 — V2A10 #0
# varying the phases of Agpys AOn(/) gives bound

7-_|_ BO BO /
Aar—py| < /27 ( o TE€ Bfo)
Ieading to M. Gronau, J.Z. (2005), S. Gardner (2005)
‘|Aoz7r_n_n/| < 1.6°
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Summary B — 7w 1sospin breaking

# not all isospin breaking effects can be
calculated/constrained at present

# the ones that can be are of expected size
~ (my —mg)/Aocp ~ aog ~ 1%
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B(t) — pp
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| SOspin

Isospin analysis in the same spirit as for B — 7w

# 3 separate isospin relations (for each polarization)

# almost completely longitudinally polarized

® since ', # 0 = [ =1 contributions pol%ﬁ(i,bulgeeti, i Ouinn (2003
s O(T2/m?) effect

» possible to constrain experimentally
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| sospin breaking

°

shift due to EWP exactly the same as in 7«

#® p — w mixing, large effect expected because
A(BT — pTw)/A(BT — ptpY)| = 0.69 + 0.14
& an estimate: s B
neglect ISOS- 15 F
ingl.  contribs. 125 ¢
& P/T = 0.2 0.751§
& same strong 05 | 5
phase for P, T

0.25 F
B 650 700 750 800 850 900
B~ decays s12 [MeV]

events in a. u.

BT decays
# integrated effect of w resonance is < 2%

® other: g]_g(p[—>7T T )#gc—g(p H71-+7T3)

[PDG: ¢./g; —1=(0.5+1.0)% |
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B — pp and SU(3)

» small B(p°p") = (1.16 £ 0.46) x 1079,
while B(p™p™),B(pTp") =20 — 30 x 107°

® no measurement of C 0 yet

9o ’Oz — Ckeﬁ“ < 22.4° (95% CL) see talk by S. t'Jampens
® but P/T ~ 0.1 = can SU(3) analysis compete with
Isospin?

# Note: In isospin analysis the theory errors not
necessarily P/T suppressed

» the A« shift due to EWP exactly the same as Iin
B — 7w
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Basic idea

#® In AS =1 decays:

T~ Vip Vs P~ Ve Vi
#® in AS = 0 decays:
T~ Vi Vg P~V
» thus P'/T"is 1/)\? enhanced over P/T = can use it to
bound P/T
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Stronger bound on P/T' from SU(3)

Beneke, Gronau, Rohrer, Spranger (2006)
» instead of isospin and B(p"p") use SU(3) and B (K*p™)

® B(K*T)=(93+£1.7)-107° f; =0.487302, mostly P

® Long. CP-av. rate: |AL(K*p")|ép_ ., =F ('YVL{};) P?

o SU(3) breaking factorized: ' = 1, expect corrections
s [ # 1: nonfact. SU(3)-breaking, Pgy,, PA
s conservativerange: 03 < F <1.5

® F=1= P/T=0.10+0.02
# include pre-ICHEPOG exp. errors on Sy, C, and vary F-
|0 = 91273 (exp)T53 (th))°

# th. error from F'is smaller than | — aeflisospin < 22.4°
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L esson

® once we know (P/T'),+,- Is small

4

SU(3) breaking (or other corrections) introduce a small
error in «

# could be comparable to theory errors in isospin analysis
of B — Jo)e,
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B(t) — pm
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B — nn 7" Dalitz plot

» model the Dalitz plot (similarly for A(B" — 37))

Ay

7 N\

ABY - 7t 7)) = A(B” — pTn7) D,,(s4) cos O+
+ A(BY — p~ ") D,,(s-)cos_ + A(BY — p’7”) D,,(s0) cos g

A Ag
® other resonances need to be included In the fit
#® p— w Mixing treated in the same way as in pp

#® possible to determine
AL, AL, A, A, Ay, Ay
up to overall phase = 11 independent measurables
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Snyder-Quinn
Snyder, Quinn (1993), Lipkin et al. (1991), Gronau (1991)
® rescale A;(A4;) — ePA;(e7P4;)

# tree and penguin defined according to CKM (7}, P, now
complex)

Arog=e"Ti o+ Py, Ay o=et"TLo+ Py
# an isospin relation only between penguins
Po+3(Py+P)=0

(EWP and isospin breaking neglected)

# 10 unknowns: e.g. a, |T4|, |To|, arg Ty, |Py|, arg Py
enough info to determine them
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Effect of 1sospin breaking

# isospin breaking affects only the relation between
penguins!
s not true for the pentagon analysis

# largest contribution from EWP because they are related

to tree
P+ P, +2F) = FPrw
where Pgyy can be obtained from J. Charles, PhD thesis
A—|— + A— + 2./4() — Te_ia —+ PEW
and
Ppw 3 ((39 + 01()) VioVial _ JrO'Olgsm(.ﬁjt o)
I 2\ a+c2 ) [VupVudl sin (3
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Other 1sospin breaking

# other isospin breaking effects are P/T ~ 0.2 suppressed

# using similar approach of SU(3) relations as in w7 to
estimate shift due to 7 —n — 7' mixing

IEPpn + € pn"
T

# this does not include all isospin breaking but shows the
suppression exists

JANG— < 0.024¢ + 0.069¢" < 0.1°
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SU(3) approach

In Snyder-Quinn crucial interf. regions in Dalitz plot

L

yet p bands do not overlap head-on

# alternative: use just p™77 final state without
Interference info + SU(3) Gronau, JZ (2004)

® to constrain p+/t+ in A(BY — ptnF) = ety + ps use
SU(3) related modes B — K*t7n—, Ktp~ and
Bt — K7t K%

® @90% CL:|0.16 < |p; /t4| < 0.24][0.12 < |p_/t_| < 0.29}

® SU(3) breaking on extracted « are small, of order p% /t3
= MC study with up to 30% SU(3) breaking on penguins

gives /((aout — qin)2) ~ 2°

» similar approach possible in B — a7 M. Gronau, 3z, 2005
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Conclusions

# the isospin breaking effects that have been analysed
are of expected size

® in certain cases they can be further suppressed: In
B — pm by P/T

# Iin modes with small penguin amplitudes (B — pp, pm)

SU(3) approaches can be competitive with isospin
analysis
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Backup dlides
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t conv. vs. C conv.

® C-convention:
A = TeV + Pet®. r=P/T

S = sin 2ar + 27 cos 5sin(ﬁ + Oé) cos 2« + 0(7“2)

® t-convention

A= —Te 4 peil=F+9), r=P/T

S = sin 2a + r cos 5( sin(a) — sin(Soz)) -+ 0(7“2)

2sin(f 4 a) cos 2«

~ —0.9
sin(a) — sin(3a)
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