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The importance of |V,,| and |V,

. . 15 T T [ — T T, T T T I | —
® |V,|: large part of the uncertainty in oo |G ]
ex constraintand K — wvw (o< [Vap|*) T ' P
® |V,,|: dominant uncertainty of the side ]
opposite to 6 = ¢,
I= 0.0 : e —a\ i \ e

Look for NP: compare (i) angles and :
sides; (ii) tree and loop processes 05k
... semileptonic decays crucial for this

-1.0

® The level of agreement between the RS P % A

. Lo -1.0 -0.5 0.0 0.5 1.0 15 2.0
measurements is often misinterpreted 5

® 10—20% non-SM contributions to most loop-mediated transitions are still possible

~

ZL—p.1 :‘%




Determination of |V,,;| is far from settled

. 1.5_IIII|IIII|IIII%’IIIIIIIIIIII
® Determined by tree-level decays | st C20%

Crucial for comparing tree-dominated 1o/
and loop-mediated processes

05

® |Viplrew—rqep = (3.5 £0.5) x 1073 : .
Vi linel—BLNP = (4.06 + 0.40) x 1073 1= oo = o .oy - B
Vi |inel_pLr, = (4.87 4 0.45) x 103 : / "
Viblro = (5.2 0.5£0.45,) x 1073

-0.5

SM CKM fit (sin 23) favors small value i _ 9,

(excl: at'CL > 0.95)

® Fluctuation, bad theory, new physics? ™2, o5 o0 0.5 10 15 2.0

p
® b — qv,qltl, qub (¢ = s,d) are sensitive probes of the SM; theoretical tools

same as for |V,;| — accuracy of theory limits sensitivity to NP
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| Vus| @and new physics...

® At the present time, including B — 7o, the SM is “disfavored” at > 2o
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h, h,

Parameterize NP in B°—~B° mixing: My = MPM (1 + hge?i7d)

® [here are NP models that would ease this “tension” (that’'s not the real question)
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The name of the game

The SM shows impressive consistency — even by Stockholm standards

Only robust deviations from model independent theory are likely to be interesting
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Outline

® |Vcb| from exclusive and inclusive decays [not much new conceptually on the theory side]
® Exclusive b — ulv very briefly

® Towards a complete description of B — X, (v
— Brief discussion of B — XS’}/ [ZL, Stewart, Tackmann, arXiv:0807.1926]

- A gllmpse at SIMBA [Bernlochner, Lacker, ZL, Stewart, Tackmann, Tackmann, to appear]

® Conclusions

Disclaimers: have to skip many interesting topics in 25 min [my apologies for missing refs]
e.g.: Lattice QCD, form factor bounds,
concentrate on some recent developments, mostly related to b —

~
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Determination of |V_|




V| from B — D™ ¢

Heavy Quark Symmetry: brown muck only feels v — v’ (not my — m. or s, — 5;)

dT'(B — D¢ .»
( - ) _ () (w? = 12 V2 7 (w)

~ , 4

w=v-v Isgur-Wise function + ...

(lattice or models)

f(1> — ]—Isgur—Wise + O-OQQS 2 +

s Meb
OLuk (lattice or models)
f*(l) — 1Isgur—Wise - O'O4a5 a2 + - + 5
»-t8 mc,b mc,b

Lattice QCD: F,(1) = 0.921 £0.024, F(1) = 1.074 +0.024 [arxiv:0808.2519, hep-lat/0409116]
Need constraints on shape to fit [Boyd, Grinstein, Lebed:; Caprini, Lellouch, Neubert]

Need some understanding of decays to higher mass X, states (backgrounds)

Data: |V Fu(1)| = (35.75 £ 0.42) x 1073, |V F(1)] = (42.3 £ 1.5) x 1073 [rag)
[note: x?/dof = 39.6/21 (56.9/21), CL = 0.8% (4E-5)]
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Why inclusive decays?

® Sum over hadronic final states, subject to con-
straints determined by short distance physics

Decay: short distance (calculable)

Hadronization: long distance (nonperturbative),
but probability to hadronize is unity; sum over details

® Combine operator product expansion (OPE) and heavy quark symmetry

D GO

D, —mbv+k ~ field theoretic version of multipole expansion

Can think of the OPE as expansion of forward scattering amplitude in k ~ Aqcp

~
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| V.| from inclusive decays

® Rates calculable in an OPE, expansion in Aqcp/my and as(myp):

dr = (bquark> X {1+ v +f(>\1’2)\2)—|—...—|—0¢3(...)—|—a§(...)—|—...}

decay my my

In “most” of the phase space, details of b quark wavefunction unimportant, only
averages matter: \; ~ (k?), Ao ~ (0,G") = (m%. —m%)/4, ...

Must use a short distance scheme to get well behaved expansions in a;
® |I/,| & hadronic param’s (mp, A1,2, ...) fitted to ~ 100 observables; also tests theory

® |5 scheme: |Vyp| = (41.56 4 0.39 £ 0.08) x 1073, m}® = 4.75 £ 0.06 GeV  [Hrac 2007)
waiting for updated HFAG fit

® kinetic scheme: V| = (41.31 4 0.49 + 0.08 + 0.58) x 103 [HFAG 2009]

n.b.: not all expressions public, we couldn’t reproduce some
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Some comments on |V,

® Role of B — X v spectrum: including moments lowers m; by ~50 MeV
— No significant improvement for |V
— To pin down my, to use for |V,;|, there is a better way to include B — X v data
Values on previous page obtained from B — X v only

® Theory improvements
- Extending Oé?ﬂ() to Oég: shifts |Vcb| by —0.3% in 1S scheme [Melnikov; Czarnecki, Pak]

— A{ep/my: small effect (~0.25%) on total rate [Dassinger, Turczyk, Mannel]
— as A1/m;: expect ~20% in fitted A\; value, small effect on |V.y|  (Becher, Boos, Lungni
— as A2/m3: being calculated... possibly most important beyond what’s included

® |Vcb|incl. Is about 8% (20') hlghel’ than H/cb‘excl.

® Hard to imagine how theory input for |V |ine1. CcOuld change substantially
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| Vus| from exclusive decays

® Less constraints from heavy quark symmetry than in B — D™*)¢p

® B — (i: measures fp X |V,s| — need fp (lattice QCD)

® B — nwlv:

0.35-

dF(EO — 7T+£’7) _ G%|ﬁw|3 |V |2 !f (q2)|2
dq? 2473 U T

Determination of £, (¢?) in the hands of lattice QCD

0.3

o

]

a
T

q
o
N

1/T dr'/dg®

ISGW I

...under better control at large ¢* (small |p|); - | .

— LCSR

...calculations in larger ¢ range may become possible *' ...Laco-

0.05[— e LQCD 2

1)
e
o
l

Continuum theory input: analyticity constraint on shape o —~ " e —
(needs a few f,(q*) values)

® B — plv is harder (sizable T',/m,), B — n\")¢v is even harder

o B — 7wty ‘Vub‘excl

~
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“Grinstein-type double ratios”

® Continuum theory may be competitive using HQS + chiral symmetry suppression
o /5 . Jp

; X f * — lattice: double ratio = 1 within few % [Grinstein '93]
Bg D

f(B—>pEl7) f(D—>K*Eﬁ) .
® or ¢g° spectra — accessible soon? [ZL, Wise: Grinstein, Pirjol]

FB—K ) " fD—p)

CLEO-c D — pév data still consistent with no SU (3) breaking in form factors
[ZL, Stewart, Wise]
Could lattice QCD do more to pin down the corrections?

Worth looking at similar ratio with K, = — role of B* pole...?

B(B — (o)  B(D, — {p)

very clean... after 20157 i ,
B(BS — E-FE—) X B(D . 617) ery clea arte 015 [Ringberg workshop, '03]

B(B, — ¢D)
B(Bq — ptp)

even cleaner... ever possible? (Grinstein, GKM'06]

~
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The challenge of inclusive |V,,;,| measurements

® Total rate predicted with ~ 4% accuracy, similar to B(B — XfU)  [Hoang, zL, Manohar]

® To remove the huge charm background
(1Ven/Vus|? ~ 100), need phase space cuts

Can enhance pert. and nonpert. corrections  dr(b-o)dE,

dr/de,
I

® |nstead of being constants, the hadronic

parameters become functions (like PDFs) i
10 dr (b u)/dE,

Leading order: universal & relatedto B — Xv;

1 2
O(Aqep/ms): several new unknown functions E, (GeV) /

Nonperturbative effects shift endpoint 2 m;, — 1 mp & determine its shape

® Endpoint region determined by b quark PDF in B; want to extract it from data to
make predictions — at lowest order « B — X v photon spectrum

[Bigi, Shifman, Uraltsev, Vainshtein; Neubert]

~
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Shape function: lepton endpoint vs. B — X v

b quark decay
spectrum

with a model for
b quark PDF
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Shape function: lepton endpoint vs. B — X v

b quark decay
spectrum

_d dl |
dE,dE,

with a model for | /
b quark PDF ~—

0 05 1,15 2|25
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Shape function: lepton endpoint vs. B — X v

difference:
b quark decay
spectrum
\_—/’
_d dr | | | | |
dE,dE,
with a model for
b quark PDF ~~
0 05 g, 15 2|25 T R E a— JRRa
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Shape function: lepton endpoint vs. B — X v

difference:
b quark decay * Data |
— Spectator Model
spectrum | A
— >40- .
\__/ é’
dda | 3 _
dE,dE, | g |
=
A T
()]

' S o=~ | o
with a model for (e T +++W
b quark PDF ~ |

2 ‘ \ ‘ ‘ | [CLEO, 2001]
0 05 1,15 2|25 15325 3 3 T A
Ei 2 Eyj’(GeV) 4

~
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Shape function: lepton endpoint vs. B — X v

b quark decay

spectrum
\__/
_d dl | ; ; ; ;
dE,dE;
with a model for
b quark PDF ~—

0 05 1 E, 1.5 2

25

difference:
+ Data ]
— Spectator Model A
=40} -
—
g [
:5 [ |
: 1 Y |
;: ol / | n
A .
[CLEO, 2001] ]
PR SO W VPO T VPO Y SO S S N T SO M SV ST S
15 > 25 c ;(Ggi?) 4 45

® Both of these spectra determined at lowest order by the b quark PDF in B meson

® | ots of work toward extending beyond leading order; some open issues remain...

ZL —p.13
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Regions of B — X~ phase space

® Important both for |V,;| and constraining NP

® pi, =mp—2E, $2GeV, and <1GeV at the peak

Three cases: 1) Aqcp ~ mp — 2E, < mp

)
2) Agcp <K mp — 2E, <K mp
3) Aqcp K mp — 2E, ~ mp
Neither 1) nor 2) is fully appropriate

[Sometimes called: 1) SCET and 2) MSOPE regions]

® [ncluded all known results in regions 1) — 2)
LL:  1-loop I'cusp,  tree-level matching
NLL: 2-loop I'cysp, 1-loop matching, 1-loop ~,
NNLL: 3-loop I'cusp,  2—loop matching, 2—loop -,

30000

20000

0

Photons / 50 MeV

-20000f | ! |

-30000

10000(T T

-10000[7 |

}I{}{{II
S (R
H !
e
L f
[ 1 t [Belle, 0907.1384]
1 B(B — Xsv) (107%) |1
EP [GeV]|[1.70 180 1.90 2.00]:
Value|| 3.45 3.36 3.21 3.02 .
+statistical|| 0.15 0.13 0.11 0.10|17

+systematic 0 40 0.25 0.16 0.11[]

14 16 1.8 ;/22 24 26 238
® Not clear if reducing ES"* to ~ 1.7 GeV is indeed optimal / practical E;™* [GeV]

[ZL, Stewart, Tackmann, 0807.1926]

A/p¥
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Regions of B — X, £ phase space

® “Natural” kinematic variables: px = Ex F|px| — “jettyness” of hadronic final state

B — X,v: p} =mp — 2E, & py = mp, butindependent variables in B — X, (v

® Three cases: 1) A ~ pl < py
SF region
2) A € py < py °
3) A < pt ~py local OPE region S
Q
Want to make no assumptions how p, comparesto mp O, |
X2

® B — X, /v: 3-body final state, appreciable rate

in region 3), where hadronic final state not jet-like 1

E.g., m% < m% does not imply pt < px 0

3

5:\\\\

3)
N mx < mp
1) 2)
| | ‘ | | | | ‘ | | | | ‘ | | | | ‘ |
2 3 4 5

px [GeV]

® EXxisting approaches based on theory in one region, extrapolated / modeled to rest

ZL —p.15
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Past theoretical approaches

® BLNP Boscherai) — based on SCET region
— factorization & resummation in shape function region treated correctly
— crossing into local OPE region not model independent
— tied to “shape function” scheme

® DGE [andersen & cars] — based on SCET region + perturbative model for the SF
— SCET region treated correctly; motivated by renormalon resummation

® GGOU [cambino etar) — based on local OPE region 4+ SF smearing
— no resummation in SCET region
— tied to “kinetic” scheme

® BLL [Bawer 21, Like) — based on local OPE at large ¢ (but expansion scale is smaller)
— combine ¢? and mx cuts, such that SF effect is kept small

® Shape function independent relations [Leibovich, Low, Rothstein; Hoang, ZL, Luke; Lange, Neubert, Paz; Lange]
— beautiful at leading order, less so when O(Aqcp/my) included

~
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Sources of theoretical uncertainties

1. Perturbative corrections: a,(y/Aqcpms) ~ as(m.) for any kinematic cut that
eliminates B — X ¢ [both for ¢> > (mp — mp)? and for shape fn regions]

2. Weak annihilation: < 3% in rate, size of enhancement in shape fn region
unclear How it populates triple differential rate

3. Other nonperturbative corrections: Aqcp/mp in shape fn regions

4. Uncertainty related to fixed functional forms used to model shape function
5. No fully correct treatment in all regions of the phase space

In my opinion, the uncertainties related to 3—5 are currently underestimated

® Qur goal is to address 2—5, and develop a fitter (SIMBA)

Even if measurement across much of phase space is possible [Belle, arXiv:0907.0379)]
it will be beneficial to use multiple measurements to constrain all sources of errors
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Our strategy towards precision |V,,;|

® To combine all phase space regions: do not expand A/p% nor p% /p% (nontrivial)

[ZL, Stewart, Tackmann, to appear]

® \Want to have: result accurate to NNLL and Aqcp/my in regions 1)—2)
and to order o3y and A3 p/m; when phase space limits are in region 3)

® |ncorporate all available constraints on shape function
— Perturbative constraints (perturbative tail and RGE)
— Moment constraints (my, A1, etc., from B — X /D)
— Shape information (B — X,y and B — X, {v spectra)

® |Vcb‘
— Global fit to all available data
— Simultaneously determine |V,,;,| & hadronic param’s (my, shape fn’s, WA, etc.)

~
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The shape function (b quark PDF in B)

® The shape function S(w, 1) contains nonperturbative physics and obeys a RGE

If S(w, up) has exponentially small tail, but RGE
running gives a long tail and divergent moments

[Balzereit, Mannel, Kilian]

S(wa :ui) — /dw/ US(W - wla Fi, :U’A) S(w/7 /'LA)

. I o =25GeV |
Constraint: moments (OPE) + B — X,yshape © - —— A= 18Cev
) o - //l,/ N\ — pa=13GeV
How to combine these? = LE N pa =1.0GeV —
?‘; 0.5 /;//7 \\\C:\\ .
‘;i . ‘// \\::::_:_:_::‘;:_l-::-
% [ honpert. perturbative -
_0'5;\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\;
0 0.5 1 1.5 2 2.5
w [GeV]
S (dash)
Model runto 2.5GeV

ZL—p. 18
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The shape function (b quark PDF in B)

® The shape function S(w, 1) contains nonperturbative physics and obeys a RGE

If S(w, ua) has exponentially small tail, but RGE .-

running gives a long tail and divergent moments
[Balzereit, Mannel, Kilian] S(Wp NA) — /dk CO(W_k, MA)F(k>

S(w, ) = [ o/ Us(w = o', i, 1a) S, )

[ZL, Stewart, Tackmann, 0807.1926]

C I L B L L B

) — 1.5 —— pp = 2.5GeV ]

Constraint: moments (OPE) + B — X,y shape T — = LRGEV

Q — HUA = 1. e i

How to combine these? e 1 pa =1.0GeV

?‘.; 0.5 —

— Consistent setup at any order, in any scheme % o R

3 o

— Stable results for varying pa W perturbative -

-4y co b e 1

(SF modeling scale, must be part of uncert.) o

— Similar to how all matrix elements are defined S (dash)

® Consistent to impose moment constraints on F'(k), but not on S(w, ua) w/0 cutoff

~
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Changing schemes: m,

® Converting results to a short distance mass scheme removes dip at small w:

® Want to define short distance s e
. - <L —m |
(hatted) quantities such that: 7 E - mzs ]
N B kin i
_ _ o 1 my, -
S(w) = /dk Co(w — k) F(k) g - dashed: NLL .
- /dk Oolw — k) F(k) S 05 solid: NNLL
_ , 2 / = i
Switch from pole to short dis- a ~— ]
_ 3 N | ]
tance scheme: T \ L / -
— A 6 _0.5 B | '( | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ]
M = MM o+ O 0 0.5 1 1.5 2 2.5
A1 = A1+ 0N w [GeV] (w ~ mp — 2E-)
. oA d2 d (6my)* A1\ d?
Co(w) = C smy) — — —— Co(w) = |1 + dmyp — — C
o(w) ow + omp) 6 dw? o(w) [ oM dw * ( 2 6 )dcﬂ} o(w)

ZL—p. 19
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Changing schemes: )\,

® “Invisible” renormalon in \; at O(a?) ? = kinetic and SF schemes for )\,

. 2 7_(_2
® Al =X —0a,—R - n (3—1) (R =1GeV)
1 2 ;\ [ ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ A ‘ I ;
— ’ H - 1 1
i 1 - Al T
> - llcin -
O - — A ]
. . f EQJ 0.8 — | ;\SF —
® - B ]
I?»oth Kinetic ano! §hape unc S 06 | dashed: NLT,
tion scheme definitions (42 = S 0.4 ’A \Sohd NNLL-
kin \SF : / .
—AT™, ATY) over-subtract; 2 0.2 | E
.. similar to my(my) issues 3 oV )
\n N/ i
—0.2 AN / j
NI ‘ [ ‘ [ ‘ [ ‘ [ ‘ [ ‘ [ ‘ [ ‘ [ ‘ [
0 02040608 1 1.2 1.4 1.6 1.8 2
w [GeV]
(Curves use m,™ km ¥ respectively)

~
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Scale (in)dependence of B — X~ spectrum

Dependence on 3 scales in the problem can be handled appropriately:

pupr = 1.2,1.5,1.9 GeV w; = 2.0,2.5,3.0GeV up = 2.35,4.7,9.4 GeV

r‘ 1.4 7\ T T ‘ T \‘4\ ‘ \.l\ T ‘ 1T ‘ T T ‘ T T ‘ T T ‘ T T \7 r‘ 1-4 7\ T T ‘ T T ‘,'*‘1_‘ T ‘ 1T ‘ 1T ‘ 1T ‘ 1T ‘ T T \7 ‘-"_| 1-4 7\ T T ‘ T 1T ‘ T 1T ‘ T 1T ‘ 1T ‘ 1T ‘ 1T ‘ T \7
'% 1.2 R LL - % 1.2 """ LL — % 1.2 :,}'-"- """ LL -
S - --NLL 8 PRI - --NLL 8 B £ ---NLL -
1 —— A NNLL - _ 1 ,’,";’7‘\ — NNLL | _ 1} ’g.;’ NS — NNLL |
s = s AN = C N
2. 0.8 - A1 NNLL- £.0.8 [ /,’ \\\ - £.0.8 - y \\\\\ £y —
< ST E ) N ST E NN
206 ‘ 4 Zo6 ) N\ 4 So6 - ¥ N 3
J:S\f 0.4 ‘\\ — :é 0.4 o I \\;\\\\ — {E 0.4 o N \ ,
T 0.2 /) SN - o2 RN 4 Zo2F N =
=] I SR =] of: R B~ 0/
~ 0 “"\ | ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘El ~ 0 0"‘\ | ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 L1 i =] ~ 0 0' L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 ‘ L1 =]

0 02 04 06 08 1 1.2 14 1.6 0 02 04 06 08 1 1.2 1.4 1.6 0 02 04 06 08 1 1.2 14 1.6

p}[GeV] p}[GéV] p}[GeV]
s kL (ot dk P k,u) F(pt — k t
d + — 1 0s s(pX7 ,u'b) UH(mba Hb, ,u'z) (mb7 ’ ,Ll,@) (pX - ) (pX = mp — 2E’Y)
Px

P, F indicate use of short distance schemes: mi° and \}

'n other approaches, using models for S(w, pa) run up to u;, dependence on ua
\gnored so far, but it must be considered an uncertainty =- This is how to solve it

~
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Designer orthonormal functions

® Devise suitable orthonormal basis functions L i .
(earlier: fit parameters of model functions to data)os /' : | NCmel ]
R . 5 AR ! / E
F(\x) = X[Z cnfn(:c)] , nth moment ~ A¢qp 0 WY - }cogmg ]
. —05 ik o)
fn(x) ~ P,ly(x)] < Legendre polynomials VA ngi .
—1 </ e 4\ L) _|
7\ [ “"\ [ ‘ I ‘ I ‘ I ‘ I ‘ L1 ‘ [ \7
® Approximating a model shape function 0 05 1 L5 2 25 3 35 4
Better to add a new term in an orthonormal . _Fw
. N — FW(k)
basis than a new parameter to a model: - Fou
. | 1.5 — - ﬁ(2) k -
— less parameter correlations T Fou
. . — R A FO(Ey
— errors easier to quantify g ) ®
0.5 - /. ; =
“With four parameters | can fit an elephant, and with five 0 > /\ el L \M\
0 0.2 04 06 08 1 1.2 14 1.6

| can make him wiggle his trunk.” (John von Neumann) k [GeV]

~
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The B — X v spectrum again

— 2.5 7\ T ‘ T T ‘ [ ‘ T T ‘ [ ‘ I \.\ I ‘ [ \7

® 9 models: same Oth, 1st, 2nd moments 5 = — &=a=0 TN .
8 2 L C3::|:0.15, C4:0 / / '.",“\ ]

. : : . - - ——-¢c3=0,c4==40.15 AN §
Including all NNLL contributions, find: R =401, ci=201 ] /N
E. 20 [ ) A A ]

. . . SR YIS SN

— Shape in peak region not determined = S/ \ \ T
. = 1 — ,/' 7 “\ ]

at all by first few moments = A2 Wt

R - e W

: : = 0.5 - Z -

— Smaller shape function uncertainty for g ¢ =" W
. . ~ 0 = | T ‘ T N ‘ T ‘ T N ‘ T ‘ T N ‘ |

E., $2.1GeV than earlier studies 19 2 91 22 923 24 925 2.6

E, [GeV]
® Not shown in this plot: subleading shape functions
subleading corrections not in Ci#<(0)
Kinematic powercorrections
boost to T(45) frame

® Same analysis can also be used for: B — X 01407, |V

~
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Global fit to charmless inclusive B decays

® Strategy for global fit: ﬁ(k) enters the spectra linearly = can calculate indepen-
dently the contribution of f,,, f,, in the expansion of ﬁ(k):

dI' = Z Cm Cr, AL,

fit compute

+ ~
Px ~P(p ,k pt —k pt — k
0 \ &

J/

. V [l
basis functions

Fit the ¢; coefficients from all measured (binned) spectra (similar to |V,| fit)

® What SIMBA hopes to achieve:
— Correlation and error propagation of SF uncertainties
— Simultaneous fit using all available information
— Realistic estimate of model uncertainties (fit parameters ¢y . x constrained by
data; vary N, the number of orthonormal basis functions in fit)

~




Proof of concept — a preliminary SIMBA fit

® SlMBA [Bernlochner, Lacker, ZL, Stewart, Tackmann, Tackmann, in progress] fl‘j 145_
— 120 —+
® B — X,/ hadronic tag ::glo;— |
— BaBar mx, mx—q¢?, p% 0 l
— 6 —*— BABAR
— Belle mx p |~ Belle
® B — X,/ lepton endpoint 2 .
0

— BaBar Eg > 22 Gev mx <1.7 mx <1.55 p} <0.66 mq;giéj Ef>22 Ef>23
— Belle Ef > 2.3GeV

T LA BABAR (SEM)
S 1.2
® B — X,y spectra E o H}+
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Proof of concept — a preliminary SIMBA fit
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Conclusions

® Improving accuracy of |V,;| will remain important to constrain new physics
(Current situation unsettled, PDG in 2008 inflated errors for the first time)

® Qualitatively better inclusive |V,;| analysis possible than those implemented so far

— Modeling F'(k) instead of S(w, u)

— Designer orthonormal functions — reduce role of shape function modeling
— Fully consistent combination of all phase space regions

— Decouple SF shape variation from my, variation

® Developments will allow combining all pieces of data with tractable uncertainties
— Consistently combine B — X /v, B — Xy, B — X /v data to constrain SFs

— Inclusive |V,,| uses a combined fit; clearly the right method for |V,;| as well

® |Vub|

~
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Regions of B — X .¢7¢~ phase space

® Main difference in B — X ("¢ only regions 1) — 2) are relevant for ¢* < m;,
The ¢* > mZ, region is like large-¢* in B — X, (7

p% [GeV]
w
T ‘ T T T
|

[\V)
T ‘ 1T 1

px [GeV]

~
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The BLNP approach

® Treated factorization & resummation
In shape function region correctly

® Use fixed functional forms to model -

shape function (similar to PDF’s)

® Analysis tied to shape function
scheme for my, \y
(One scheme for each approach)

® Need for “tail gluing” to get correct
perturbative tail (other approaches
don’t even do this pce. ceou, Aprry)

— Hard to assess uncertainties

1.5 1.5
1.25 i
; . sl
] 7 ON Y
[ 1 { // - 1 ’, LY LY
e i A = y ; N
SO N S ot NN\
—_— 3 Y = iy
= 05}/ ) = 05} WO
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95] ) “"M.__"'-. W Fi
y } M = ]
-0.25 -0.25
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Figure 6: Various models for the shape function at the intermediate scale
i = 1.5 GeV, corresponding to different parameter settings in Table 1. Left:
Functions S1, S5, S9 with “correlated” parameter variations. Right: Functions
S3, S5, S7 with “anti-correlated” parameter variations.

[Bosch, Lange, Neubert, Paz]

o B =1GeV

S'(cﬁ, u) [GeV
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Figure 7: Renormalization-group evolution of a model shape function from a
low scale py (sharply peaked solid curve) to the intermediate scale p; (broad
solid curve). See the text for an explanation of the other curves.
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Weak annihilation

® Old story: 1672 QCD e in total rate, smeared around d(¢° — m%) §(E, — =E)
b

Guesstimate: <3% of B — X, /v rate

At large E,: enhanced by — g — = sizable uncertainty

® More recent: 4ra, QCD e in total rate, smeared in usual shape fn. region
b
(1) (1)

Role / presence of 4w, and ¢ factors argued J _)qu La_q_y

2
In shape fn. regions: enhanced by —- Aécn / / o\ x
Can be absorbed into other subleading shape fn.s [Lee & Stewart; Bosch, Neubert, Paz]

® Need to constrain it directly from data by comparing DY vs. D, semileptonic
widths, or |V,| from BT vs. B® decay

~
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Derivation of the magic formula (1)

® The shape function is the matrix element of a nonlocal operator:

S(w,,u):<B|§U5(iD+—5—|—w)b9|B>, 0 = mp — my
Op(w,h)
Integrated over a large enough region, 0 < w < A, one can expand O, as

Oo(w, ) = Y Culw, ) by (iDy —8)"by+...=> Cn(w—6,1) by (iD)" by + ...
The C,, are the same for ),, and @, (since Oy only depends on w — )

® Matching: (by|Oo(w+6, u)|bu) =D Cu(w, 1) (bo|Qnlby) = Colw, 1), (bu|Qnlby) = don

kY d"Co(w, p)

n! dwn
(bo(k )| Oo(w + 8, ) by(k2)) = S Colw, 1) (bul Gulb) = 3 Crlw, ) k
dnCO(wa :u)

n! dw™

ZL — p.iii /\I A
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<b”(k+)|oo(w + 9, M)lbv(k-l-» = Co(w + k4, 'LL) — Z

® Cn(wnu) —

[Bauer & Manohar]




Derivation of the magic formula (2)

® Define the nonper’[urbative function F(k’) by [ZL, Stewart, Tackmann; Lee, ZL, Stewart, Tackmann]

S(wmu/\) — /d-]€ CO(W - k?:u/\) F(k)v CO(WMLL) — <bv|00(w + 0, M)‘bv>

~

uniquely defines F(k): F(y) = S(y, 1)/ Co(y, 1)

1 dnCO (wa :u)

n! dw™

® Expand in k: S(w,p) =)

n

/ dk (—=k)"F (k)

Compare with previous page = /dk E"F (k)= (—1)"(B|Q.|B)

A
(BIQ|B) =1, (B|QiB)=~6, (B|Q:B)=~"+¢
More complicated situation for higher moments, so stop here

® This treatment is fully consistent with the OPE
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One-page derivation of the magic formula

® The shape function is the B meson matrix element of a nonlocal operator:

S(w,p) = (B|b,6(iD — § + w) by, | B), b =mp —my
Oo(:gau)

Integrated over a large enough region, 0 < w < A, one can expand O, as

J

Op(w, i) = > Crlw, 1) by (DL — )" by+... =3 Cn(w — 06, 11) by (iD4)" by + ...
Qn Qn
C,, same for Q,, and Q., (since O, only depends on w—4§), determined by matching

1 d"Co(w, p)
n! dw™

® Define the nonperturbative function F'(k) by: [ZL, Stewart, Tackmann; Lee, ZL, Stewart, Tackmann]
S(w7 :u/\) — /dk CO(W — k, :u/\) F(k)7 CO(wa ,LL) — <bv‘ O()(w + 0, ,LL) |b’U>

Expand in k, compare: [dkk"F(k) = (=1)"(Qn)p — fully consistent with OPE

ZL—p.v ”/rm‘

Evaluating (Oo), k), can show using RPI: C, (w, 1) =

[Bauer & Manohar]




