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© Inclusive |V,,;| at BaBar and Belle

. . [arXiv:1112.0702 (hep-ex)]
Very rough scetch of an inclusive |V,5| measurement 5 g~ T 1

@ Measurement of partial branching fraction c L s ,
AB(B — X tv) S 2000 F i

* Select phase space regions more-or-less £ i ]
enriched with B — X, fv 5 1000 -

AB(B — Xutv)
|Vub| -
7'BAI‘theory

Q Inputto ATl theory
* my from B — X _.fv or elsewhere

* Shape function model (tested against
B — X7)

Entries/0.31 GeV

Inclusive | V| follows a different strategy:
@ Global fit to kinematic moments measured in B — X v to extract | V|,

my and nonperturbative parameters
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© Global Fit Approach to |V,,;| and B — X,

Employ strategy that proved successful for |V |
@ Determine |V,s|, mp and shape function (SF) simultaneously
@ Combine different decay modes, measurements and experiments

* Different B — X~ spectra
» Information about shape function, my and C+~

* Different B — X, fv partial BFs (or spectra)
» Information about |V, |, shape function and my,
» Differential spectra would be more powerful

* External constraints on m; and shape function moments (from
B — X_.¢v or other) could also be incorporated

@ Minimize uncertainties by making maximal use of all available data

o Consistent treatment of correlated uncertainties
(experimental, theoretical, input parameters)
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© Master Formula for Differential Spectra

dT, = Vi V2| 2m?2 |Cinet|? /dk Wor(Eys k) F(mp — 2B, — k) + - - -

dru = |vvub|2 /dk ﬁ\/u(p;(’pj(’EZ;k)F(p; - ]‘”) + ..

Normalization of spectra Differential shape (SF)

Different ﬁ(l.:) Resulting dT's /d E (leading power)
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© Regions of Phase Space

[arXivi1112.0702 (hep-ex)]

—
o
o
(=]

o SF region: large E.,, E, (near peak/endpoint)
Experimentally clean(er), theoretically
more difficult

o Local OPE region: small E.,, E,, large ¢>
Suffers from large backgrounds, 0
theoretically easier

@ Something in between: mx ~ mp,
moderately large E., E,

500

Entries/2 GeV

200

100 |

Include as wide region as possible since there
is no “golden” region

Need combination of optimal theory
descriptions for each region

Entries/2 GeV
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© Theory Inputs for B — X v

I's; |Wb‘/:f:|2ml2,{yc'i7nd|2 {( smg + Wnons) ® F + ZW77 nFsubl}

+ Z [Re(C;“Cl)ZCiﬁ\f;‘i‘ms + CiCjﬁ\/;;."“S} QF 4. }
6, AT
Leading C? contribution
@ Included at full NNLL+NNLO (in short-distance scheme, e.g. 15, kin, ...)
@ 1/m, subleading shape functions (can be) absorbed into leading one
* Have large impact on extracted value of my; (~ 70 MeV)

Contributions from other operators ~ C,;C7, C;C};
@ Largest effects come from virtual corrections, are absorbed into Ci;‘“‘
* Important charm-mass effects only enter via SM prediction for Ci*<!
@ Remaining perturbative contributions included at NLO
* Some NNLO are known, but NLO already have very small effect on fit
@ C;.7 fixed to SM values

Kerstin Tackmann (DESY) Extracting |V, |and B — X g~y from global fits SuperB Physics Workshop, May 2012 6/19



© Modeling the Shape Function

Basis Expansmn of Gaussian F'(k)

BAJALIAR A A R R R R R S —

] = “ —F(k) B

] 2 o — FO(k)

3 = [ E‘f‘)(k) ]

] l>1.5 - . E(Z)(k) |

. 3 FO(k) ]

] s B N L W FO®)
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fa(z) 4 [, N 3
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Design suitable orthonormal ba3|s for F'(k) (formally model independent)

F(ax) = i{i enfola )} with /dkF(k:) - i 2 =1

n=0 : n=0

@ Builds an orthonormal basis f,,(x) on top of any given model function
@ Keep terms up to n < IN as required by precision of data
@ Experimental uncertainties and correlations can be properly captured by
uncertainties and correlations in basis coefficients c,,
[Ligeti, Stewart, F Tackmann (2008)]
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© Residual Basis Dependence from Truncation

Truncation errorat N = 2

F(x) =

> =

n=0

In practice, series must be truncated

@ Induces residual basis (model)
dependence

N
@ Truncation error scalesas 1 — » 2
n=0

Optimal IV and \ are determined from data
@ Choose A so series converges quickly

@ Choose NN so truncation error is small
compared to exp. uncertainties

@ Add more terms with more precise data
= Must be careful not to “overtune”
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Events [10°/50 MeV]

© Current Inputs for B — X, Fit

Belle 605 fb~*!

= ldp

% M4~ BABAR (hadronic tag) » " "F —+— BABAR (sum of exql)

§ 1 8

= =

g 2 ++

Lo : i

? E E

5 ><:0.4; —

rg ;LOJ}

g g o I TR
R B N R TR W R X ¥

E, [GeV]

@ Thanks to Belle, especially Antonio Limosani, for providing the
covariance matrix, experimental efficiency and resolution!

@ Efficiency and resolution effects folded into theory predictions

BaBar sum-over-exclusive-modes (80 fb~'), hadronic tag (210 fb™?)
@ Correlations are available
@ Spectra efficiency corrected, resolution not an issue
@ Thanks to Francesca Di Lodovico and Henning Flacher
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© B — X,y Fit Results

S 4p sum of exdl. 1+ ci
3 1af o BAR fumet % + Fitting four coefficients cgq to c3
z
—; 048; 17 T T L ]
=06k A=0.5GeV, C0,1,2,3 |
! 0.2 1
% oF SN A 7 16 7
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- F * @
< S 15— .
= 0. :S [ 4
=] S 1
5 ° L i
> 0. .51\
1o @) r Standard Model 1
T — 14 -
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E, [GeV] L . . i

5 - Preliminary :
T L .
z .65 4.7 4.75 4.8 4.85
: m}S [GeV]

i Data slightly above SM

T X BT B (same pattern as Misiak vs HFAG)

E, [GeV]
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© Theoretical Uncertainties

17 \ \ \
1 Dominant theoretical
41 uncertainties from variation
1 of soft, jet and hard scale
2 16— -
i I -
% i i
2z | | Complete evaluation of
=2 151 = theoretical uncertainties
E | | still ongoing
=) L e -
i - Standard Model 8
148 | Direct fit to spectrum
L 1 eliminates need to
™ Preliminary 1 extrapolate rate to
1437‘ L1 1 L1 1 E, > 1.6 GeV to compare
65 47 4.75 438 485 data to predictions
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© Convergence of the Basis Expansion

2 [ ‘ T ‘ T ‘ T ‘ T ‘ T ‘ 1T ‘ L 17 T T T T L LA B I B B
= A=0.5GeV B [ - A=0.5GeV
C = ° 3 L o1
1.6~ X Co,1 E [y Cons
F E SN0 Co,1,2 ER 161~ ——-Co123
> 1.20 a B=lcoizs 3 2 Co.1.2341
[] C 1 _
E \ c 1 w=__r
.L_D, B - 0,1,2,3,4 ] LE g5l B
S 0.8F 4 5 |
Ry E R\ E ‘E)'\ r Standard Model
0.4 NN = 14 i
B - E L Preliminary
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@ Uncertainties underestimated with too few coefficients (co,1)
* Would need to include additional uncertainty due to truncation

@ Very little change from including 5th coefficient (c4)
* Truncation uncertainty negligible compared to other uncertainties
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© Convergence of the Basis Expansion
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@ Uncertainties underestimated with too few coefficients (co,1)
* Would need to include additional uncertainty due to truncation

@ Very little change from including 5th coefficient (c4)
* Truncation uncertainty negligible compared to other uncertainties

Kerstin Tackmann (DESY)

Extracting |V, |and B — X g~y from global fits

SuperB Physics Workshop, May 2012

12/19



© Basis Independence
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Fit with only two basis functions
@ Equivalent to fixed model with fitted 1st moment
@ All with good x? /ndf: 37.5/40, 28.8 /40, 27.8 /40

# of Events  [10% /50 MeV]
e
[ z :
U‘ J—
¥
3
=3
e

= Uncertainties underestimate model dependence

L L L L
8 2 22 24 26 28
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© Basis Independence
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© Basis Independence
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© Basis Independence
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= With enough coefficients results agree within
uncertainties and become basis (model)
independent
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© Simba @ SuperB

Gilobal fit approach can be very powerful with high statistics
@ Measure spectra in addition to (partial) BFs to maximize the available
shape information, especially for B — X, fv
* Shape information is key to constraining subleading corrections
@ Large dataset can be taken advantage of to agressively reject
backgrounds at the cost of efficiency and to maximize resolution
* My personal favorite is a super-clean B,.eco Sample
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© Simba @ SuperB

Gilobal fit approach can be very powerful with high statistics

@ Measure spectra in addition to (partial) BFs to maximize the available
shape information, especially for B — X, fv
* Shape information is key to constraining subleading corrections
@ Large dataset can be taken advantage of to agressively reject
backgrounds at the cost of efficiency and to maximize resolution
* My personal favorite is a super-clean Bieco Sample

a5
@ Spectrum generated with A = 0.6 GeV, ¢y =1 30§+T°ysupem ST
@ Uncertainties and correlations obtained from : - T
inclusive Belle spectrum: e -
Statistical uncertainties scaled by lumi pNEC .
Systematic uncertainties scaled by 1/3 B s

Correlations and detector resolution
assumed to be the same
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© B — X,y @ SuperB

e Fitting five coefficients cg 10 ¢4
E— Fit 16 ¢ _ = ——
E L A=0.5GeV,co124
5 1550 3
=) F ]
= F Toy\SuperB ]
E, [GeV] >: 15 ;* \ *;
N E current 1
£ g 1
Theoretical uncertainties will 9“ 14.50 4
dominate F L ]
_ o t Preliminary ]
H|gh precision data can be [ (exp. uncertainties only) ‘ ]
used to fit for more ¢,, and for 1465 4.7 4.75
subleading effects m}S [GeV]

Note: NLL+NLO since we will also include B — X, v, for simplicity ignoring
subleading SF
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© Including B — X, fv @ SuperB

Toy B — X v @ 75 ab™?

@ mx and E, spectra generated with A = 0.6 GeV, cp = 1
@ Uncertainties and correlations inspired by current Ba Bar hadronic tag

analysis

* Assuming main uncertainties and correlations due to B — X fv

background

* Aimed at being (too?) conservative
+ Caveat: no resolution effects considered here

i Hﬁﬂ#ﬁﬂ“ﬁ*ﬁ

— X, v
e
P CREUREN
e e L L L LT N
SIS

(R

—e— Toy SuperB

+
+

m L L L
4 1T 16 18 2

Kerstin Tackmann (DESY)

L L $le
2.2 24 2.6
E¢ [GeV]

AB(B— X, v) [1071/0.2 GeV]
o =

v

Extracting |V, |and B — X g~y from global fits

3 + —e— Toy SuperB

56 +

2F +

5
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5 +

e
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O 05 115 2 25 3 350 4
mx [GeV]
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© Including B — X, fv @ SuperB

Fitting five coefficients cg to ¢4

— 1F
> F —+— Toy SuperB
S0t gy o 4.4 : ;
= C 1
TQ i3 E Toy SuperB ]
0.6 1
o5 g A=0.5GeV, co1244 ]
0.4 r i
fw 4.3 g ]
2o & F B — Xy + X fv p
QB | | | | | | | L ]
4 W12 14 16 18 2 22 24 26 2 F ]
E, [GeV] =420 E
= 3F —»— Toy SuperB _'§ L 1
o E — Fit ~ r 1
N 2.5 pa— r 1
2 F C ]
3 4.1F 4
El 56 L ]
T r Preliminary i
éo.ﬁ%— E (exp. uncertainties only) ‘ E
b - N> 3'65 4.7 4.75

mx [GeV] mi¥ [GeV]

@ Large amount of data can be used to push analyses to the limits, on the

experimental as well
@ High precision data s

as the theoretical side
hould be used to disentangle subleading effects

between B — X, and B — X, £v (no attempt here!)
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© B — X,¢v Standalone @ SuperB

E Toy SuperB E
E A=0.5 GeV, €o,1,2,3,4 E
s 1 Use B — X,/fv alone to
& [ B Xo+ Xty ] determine m; and shape
2 4.2; B — X v ] function along with | V4|
I ]
— ] @ Eliminates sensitivity to
4.1F = different subleading
B .. E effects in B — X+ and
- Preliminary ; B — X, v
Coov v I L
1.65 4.7 4.75
m}S [GeV]

Fitting five coefficients cg 10 ¢4
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© Summary

Global fitto B — X,y and B — X, v
with a model-independent treatment of the shape function

@ Global fit approach minimizes uncertainties by making maximal use of
available data

@ SF and its uncertainties are determined by the data

+ Convergence behavior can be studied on data to estimate truncation
uncertainty

= Study of B — X+ without need to extrapolate to lower E.,

= Combine B — X,v and B — X, v for |V,,5| determination and
constrain my and shape function at the same time

Global fit approach well-suited for SuperB
@ High luminosity can be used to measure high-quality differential spectra
— Can be used for more sophisticated analyses than current B factory data
@ Precise study of B — X~ including subleading effects from data
@ Precision |V,;| without external inputs
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© Inclusive |V,;| with Hadronic Tags at Belle

[arXiv:0907.0379 (hep-ex)]

nts

22000
w
1500F

1000 jﬁf
500

e
YT 2 3

4

M, (GeV/c?)

@ 90% of B — X, v phase space

included

@ But much of the gained phase space
comes with large backgrounds and
corresponding systematics

* Main sensitivity still from low-M x

region

2 . 8 data py? > 1.0 GeV AB/B (%)
° OB - X, Iv
i@ 5000¢ Soceoniares | BD W) L2
EJCombinatorial (D(")(/y) form factors 1.2
Elcontinuum 7 ‘ ;
1000k 1 B(D*"ev) & form factors 0.2
B — X,lv (SF) 3.6
g = B — X lv (g — s5) 1.5
10 20 30
4 (GeVZ/c?) B(B — 7 /p/wlv) 2.3
B(B — 1, n'tv) 3.2
B(B — X,{v) un-meas. 2.9
Cont./Comb. 1.8
Sec./Fakes/Fit. 1.0
PID/Reconstruction 3.1
BDT 31
Systematics 8.1
Statistics 8.8

Formerly “theoretical” uncertainties now moved into “experimental”
uncertainties (SF), where they are even harder to get rid of later
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Master formula for binned spectra

. - 1 _ ’
Shape function basis F'(Axz) = 3 {Z ('«fn,f’n,(.’l’/)}

n

Insert expansion for F'(k) into Master formula

d:[‘s == I‘/tb‘/t: |2m§ |C'i7nC1 | 2 Z C'In,cn,d]-‘z,zn d:["u = |‘/'u.b|2 Z Cm C'n,d]-‘umn

m,n

@ Default basis parameter: A = 0.5 GeV
@ Include up to 5 basis coefficients (cq to c4)
@ Fix >, ¢2 = 1 to enforce correct normalization ./'kﬁ(k,) =1
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x? Fit
@ Includes all experimental correlations
@ Extensively validated with pseudo experiments
* Just having a good x? /ndf is not enough

. = 1 NG
Shape function basis F'( xz) = . {Z (:,,f,,,(.'r/)}

@ Default basis parameter: A = 0.5 GeV
@ Include up to 5 basis coefficients (co to c4)
@ Fix >°,, ¢2 = 1 to enforce correct normalization [kF(k) =1

Disclaimer: What | am showing is active work in progress
@ Numbers still subject to change
@ Theoretical uncertainties very preliminary
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Global Fitto B — X~

Current status of experiment to theory comparison

@ HFAG extrapolation down to ES"* = 1.6 GeV
(adds model dependence)

B(E, > 1.6 GeV) = (3.55 4 0.24 + 0.09) x 10~

@ Fixed-order NNLO estimate by Misiak et al. (2006)
B(E, > 1.6GeV) = (3.15 £ 0.23) x 10~ *

Sensitivity to new physics lies in normalization, parametrized by |V;, V,* Ci*!|
@ Most sensitivity in data comes from large E,
e Fit determines both |V, V,* Ci»“!| (normalization) and 7'(%) (shape)
* Can directly compare |V;, V> C*“!| to its SM prediction
* Avoids any extrapolation
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© Theoretical Effects and Uncertainties

Effect of non-singular terms Theoretical uncertainties from
variation of soft, jet and hard scale
17 L B e e e e S LA B 17 g ‘ ‘
[ 1 r [/““";\ 1
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S [ “\\ 1 X r ]
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>.\ [ 1 g r 1
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14 . 141 -
[ Preliminary i [ Preliminary ]
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