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Chapter Outline

* Basic plan of the chapter is to describe extraction of
|IV+d/Vts| from two sets of experimental results:
° AmA and Am

- Forward reference(s) to mixing chapter
* HFAG plot of Amyresults is currently included here

* Need Tevatron Am,result, and a few other inputs
* Agree on values/uncertainties with (most?) global fits folks
* B->X, 4.¥ branching fractions

» Babar has done two correlated analyses (same dataset)
* Exclusive B->K*y and B->rho/omega y
« Semi-inclusive B->X_y and B->X yy

* One Belle exclusive modes result
« PRL 101, 111801 (2008)

* Give Vtd/Vts for all three results separately
* Final average will use Babar semi-incl plus Belle excl
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14.2 Via and Vs

Editora:
Kemn Flood (BABAR)
Tobins Hurth [theory)

The CKM matrix elements Vg ond ¥, are fundn-
mental parwmeters of the Standeed Model (3M) which
cnn pnly he determined experimentnlly usng AF = 1
lpop-medintsd B or K rore decsys, or AF = 2 hox di-
ngram procescs imvolving top quarks. Messurement of
the single top quark production cross-section allows for
n mirdel independent direct determinntion of ¥, bat the
mngnitudes of Vg and Vie cnnnot be similarly extracted
from tres-level decsys. Derivtion of Vi and ¥, from the
experimentnl ohsermbles necessarily nmumes the SM al-
though the FONC cheermbles used, ey from B, mix-
img, B — X{[a,d¥y, or ¢ In the kson sector, may rossSwe
new physics contribotions from unrelnted soureess. Inde-
pendent detemmination of the magnitudes of ¥y and ¥,
from severnl different soures, nlong with ¥y from sin-
gle top oToss-seetion messurements, can provide o robost
mirdel independent check of the unitsrity of the CEM ma-
trix or, conversely, offer & powerful probe for the possihle
pre=ence of new BSM physios.

Im the past few years, the experimentnl nnd Inttice
QCD inpats mesesmary to coleulsts Vg and Vi, to good pre-
cision have become svndlable. The B-Fueotarkes have com-
tributed mensurements of Ay, the mees differeness be-
tween B and B°, and branching fnctions fom the inelu-
sive nod exelmive ooe-loop madintive peoguin procesees
B — Xis,d}y, while the Temtron collsborntions heove
museured Ay, the mns differenee between 5, and B, to
sub-pereent precision. These results have been mntched by
progress in Inttice QOL caleulations lending to moressed
precision in the ndditional parameters which are required
to extraet Vg nnd Ve from the experimentsl results. At
the time of publiestion of nll of the Amy ooalyss from
bath Bobar apd Belle, knowledge of the reqguired Inttice
imputs was =0 significantly wome than the experimental
preciion that mo nttempts were made to coleulste Vig nt
the time.

Equntion 77 relates Amg to ¥ [ndd site):

leq 1 from Belle hep-ex /0211085 goes here]

where me, mp nnd my nre ospectively the top quark,
H* and W messes; (7 i the Fermi constant; g is 0 QOCD
carrection [dd cite]; § & o function of m3 'm, |edd ctef;
fi in the B-meson decsy constant; and By & the B-meson
bag purnmeter. Although most of these pornmeters are
well-chameterized, nn umavaideble dependence om Inttice
QUD enters in the produst B ff.

Im order to extrect ¥V using Eq. 77, we ndopt the let-
est combination of unguenched buttice QCT results svmal-
nhle from “www.latticenverages.org” |ndd cite], who re-
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port fy By = 218415 This result is obtained by sombin-
ing the avernge deeay constant f ohtained from the MILC
and HPQCD collnbarstions, along with the HPQUCD de-
terminstion of the bag parumeter B, whish minimizes
the totn]l uncertaimty with respect to taking the two pa-
mumeters seporatcly. Using the seven B-Factory results
shown im Fig 1, which wre nvernged by the Henvy Flovor
Averaging Group []'EF‘AG{ |eite] to obtain & finel wlue of
Amg = 0508 4+ 0005 pa™ , we find Vig = Tor £ rrr.
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Fig. 1. Mossuroments and HFAG averaged Ama from Babar
and Belle.

The upcertninty in ¥y induweed by the uncertainty
m fiy/ By eon be reduced by rewriting this fnetor ns
fiv'Ba = fo/Bas/e, where ¢ = f,3/Fga/ i/ Fa. The
fnetar £ cnn be more seenrntely determined in Intties GO
cl.lnuln.t.in:? than its individun] terms bemuse of the inchs-
sion of ' Bpa, which is chtained directly ot the physienl
strange quuck mass ather than by extrapaolation to the
down quark mus, and npproximste eaneellntion of sone
uncertaintis in the ratio. Using the wmiues £ = 1.243 &
0028 nod fyy Bpa = 275 2 13, we find Vg = xxx + xx07,
i reduortion of ~- % i the uncertainty relative to the re-
sult nhave based solely on fi/ By, The lutties purameter
uncertainties ean be further reduced by teking the mtio
Vid/Vis, which directly wses £ and incorporsting the
combimed CDF /DO meult for Am, = 17.78 £ 0.12 pa!

Kevin Flood

|eite] and an expression for V. snalogous to Eg 7, and
we fnd Vid/Vie = o0+ 730
1421 B — X (a,d)y
Exclusive Babar and Belle BF results: B — Ky and B —
&,y

Semi-inclusive Babar BF results: B — x.:n
14.2.2 Surmmary

Recspitulntion ..
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Vid, Vid/Vis from Am

* Final result is ratio Vtd/V+s using both B(d,s) mass difference and
B->X(s,d)gamma, but want also to discuss Vtd from Am alone and
would like o have agreement with others on values of inputs

GQ
Amg = o QmeBmW??t5| Vial*Bp
Amg _ Mp, fl%sBBs Vis y
Amg  mp, f3 Bp, | Vid

* Need a table of non-lattice inputs agreed upon by all

* m., my, etc. do not seem controversial . ..

* Should be part of the book (perhaps an appendix?), but all
needed inputs that can be trivially agreed upon should be
memorialized soon

« This task falls most naturally to global fit editors
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Vtd/Vis from Exclusive Radiative Penquins

* Babar and Belle use similar methods to extract Vtd/Vts
from the exclusive B->(p/w)y and K* y BFs

P. Ball, G.W. Jones, and R. Zwicky, J. High Energy Phys. 04 (2006) 046; P. Ball, G.W. Jones,
and R. Zwicky, Phys. Rev. D 75, 054004 (2007).

P B(B — (p,w)y)
ep — T —
B(B — K*v)

where B(B — (p,w)7) is defined as the CP-average %[H(B — (p,w)y) + B(B — (p,w)y)]
of

BB — (pwn) = 5 { BB — o) +

TR+

TRo [B(BD — :Oﬂ'-]’:) + B(Bu — ‘i"’r?:)] } "

and B(B — K*v) is the isospin- and CP-averaged branching ratio of the B — K*y
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Vtd/Vis from Exclusive Radiative Penguins

Within QCD factorisation, and using the notations of Ref. [6], the amplitude for B —

V'~ can be written as

- Gr
AB— V) = 7

where A, are products of CKM matrix elements and the factorisation coefficients a;“ consist

Auar (V) + Aeas (V)] (VA|Qq|B)

of Wilson coefficients and non-factorisable corrections from hard scattering and annihila-
tion; explicit expressions can be found in Ref. [6]. a- depends in particular on the form
factor T and the twist-2 DA ¢y, . The theoretical expression for R 1s then given by

2 27,2 3 2
w| 1 (1 —my/m as(p7) : R} — Ry cosy
Ry = |2 = ol B 7 1+ Re (day + 6 b
S VA (1 - m%{./m?g) (i |\ Rel0as F0a0) | p e T
1 2 ; 2 RE
+§ (|6{-I-:I: + ﬂﬂ.l]| ) {1 B QRE} Ccos 7y 1 R§ (19)

with dag + = a¥(p®=7)/as(p"* ) — 1. Here, 7 is one angle of the CKM unitarity triangle

A2\ 1
Ry=(1-2)=
= (1-3)3
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and R one of 1ts sides:
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Vid/Vts from Semi-Incl Radiative Penguins

* Method for extracting Vtd/Vts from inclusive B-> X(s,d) gamma

.
B | —— A Unitarity Triangle using
VoV P Vi Vis Wolfenstein parameterisation
VeaVipl/ Ve V!
: At O(?\.Ll) g2 (1 -g_l V i -
| , H1=pP =gy A
4
ok {8 : L .
: " t ALOM) Vit +(1-p)
2 2 s Ali et al., Phys.Lett.
( /5“ ) |£t| ‘U- IEUI DT RF(E?« E‘U-) B429, 87 (19);8)
|/\t|2 Dy I)‘!‘|‘2 D, I’\‘|2 ‘-‘;:q:ququ*; }'”qzvqbvqs*

D functions contain contributions from Wilson Coeffs, etc.
Evaluated numerically in paper
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Vtd/Vis from Semi-Incl Radiative Penguins

* Ali et al rewrite R as

2 2(1 99 O D'U =2 | = Dr_.4 - =
R=N[L+X(1=2)] |(L=p] +7°+ (7" +7) + - (1 -7) - T)

 To remove dependence on earlier estimates of Vtd/Vts, rewrite as
a function of Vtd/Vts and ¢,, and af ter some algebra end up with

. D u s 5 . D r f 2 B _
k1 = 1+ D, (L 22 cos? B) — D, ()\2 cos? 3 + 1i}5
e | P (a2 Dr (, X
Ko = Acos[3 D, (3)\ 2) + D, (l + 5 )} ;

oDy . ‘
NS = & D, (1—A?%).
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Summary

* Draft of full text for Vtd,Vts from mass difference

committed a few days ago
* Clean up, then commit final draft in near future
 Will use central values and uncertainties for lattice inputs from
“latticeaverages.org”, which UT and CKM global fit editors have
also agreed to use

* Formalism for extracting Vtd/Vts from radiative penguins
is well-defined, but needs updating for latest values and

uncertainties of several input parameters
« CKM, UT, Scan? T'll probably go with UT ..

« Would like to see non-controversial physics inputs globally

defined and put into a table somewhere in the book
* Perhaps in an appendix?

* Theory editor has agreed to review whatever I write ©
* Belle (TB) has also agreed to review the text
* Final word will be comparison of mass diff vs r'adpenfp%:tjos
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