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Prel. 'Belle Tagged’
[arXiv:1702.01521]

Veplcon = (38.2£1.5) x 10772,
‘VCb‘BGL332 — (4171—3(1)) X 10_37

|VCb|BGL222 — (419t%8) X 10_37




The Boyd-Grinstein-Lebed Parametrization erXivihep-phiS705252

e Decay rate described by 3 form factors
(in zero lepton mass limit)

(D*(e,p")|ey"b|B(p)) = ige"* e papy,
(D*(e,p")|ey"+°b| B(p)) = fe** + (¢* - p)lax(p + p")* +a—(p —p')"],

N N N

. — ! z" 2 — ! Cr 2"
€)= 55 2@ B8 =550 L0 A =5  2ad

n=0 { n=0 4

Combination of f and a.

Conformal variable z: QCD encoded in coefficients:
Vw41 —4/2a

. {an, b,, cn}
Vw41 +4/2a

co = constants x b,
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The Problem at a glance

e At what order should you truncate the series?

1 S B 1 S B 1 o
9 = Bam 2 SO = g L0 R = oo L e

* Truncate too soon:
» Model dependence in extracted result for |Vcp|?

e Truncate too late: Careful: [arXiv:1905.08209, PLB]

introduced an identical notation, but
with another meaning!

» Unnecessarily increase variance on |Vep|? |

What is the ideal truncation order?

Can get intertwined, as three
form factors are involved
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Different approaches on the market

Gambino, Jung, Schacht
[arXiv:1905.08209, PLB]

Constrain contributions
from higher order coefficients
using unitarity bounds

N

N
Yig <t Y <!bn!2+!cn!2> <1
n=0

n=0

2 2 2
9 X —X +)(penalty

2
4 penalty 4
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Different approaches on the market

This work
[arXiv:1902.09553, accepted by PRD]

Use a nested hypothesis test
to determine optimal truncation order

Challenge nested fits

/ BG Lna+ 1,np,n,

BG Lna,nb,nc > BG Lna,nb+ l,n,

Test statistics & Decision boundary

A =n =M D>

Distributed like a y2-distribution with 1 dof
(Wilk’s theorem)

Florian Bernlochner

Gambino, Jung, Schacht
[arXiv:1905.08209, PLB]

Constrain contributions
from higher order coefficients
using unitarity bounds

N

N
Yig <t Y (!bn!2+!cn!2> <1
n=0

n=0

2 2 2
9 X —X +)(penalty

2
4 penalty 4

> Y la,V’

EPS-HEP 2019 N Ghent, Belgium



Nesting procedure

Steps:

1  Carry out nested fits with one
parameter added

/ BG Lna+ 1,ny,n,

BGLna,nb,nc < > BGLna,nb+1,nc
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Nesting procedure

Steps:

1  Carry out nested fits with one
parameter added

Accept descendant over
parent fit, if Ay2 > 1 A)(iyv BGL, .1,
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Nesting procedure

Steps:

1  Carry out nested fits with one
parameter added

Accept descendant over
parent fit, if Ay2> 1

BG Lna+ 1,ny,n,

Repeat 1 and 2 until you stationary
find stationary points
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Nesting procedure

Steps:

1  Carry out nested fits with one
parameter added

Accept descendant over
parent fit, if Ay2> 1

BG Lna+ 1,ny,n,

Repeat 1 and 2 until you stationary
find stationary points

If multiple stationary points
4 remain, choose the one with

smallest N, then smallest y?
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Applied to Belle Tagged result arXv1702.01521]

%‘ - ]
o 70 =
= 0 E 4 x 1D projections
2 0 E of kinematic variables +
< F E correlations
: = Unfolded for detector effects
= and migrations
01 10511115121251313514145 1_5
W
Tagged Belle Measurement:
& 1 2 3 1 2 3 1 2 3
Nc
: 332 — 316 4  31.2 33.0 29.1 28.9 30.4 29.1 28.9
3874+ 1.1 386+11 38711 |391+1.6 408+£17 408+1.7|408+1.9 40.7+19 40.7+1.9
|
) 32.9 31.3 31.1 32.7 v 27.7 27.7 29.2 27.7 27.7
38.94+1.2 388+1.2 389+1.2 (396417 [41.7+1.9] 41.7+1.9 | 41.9421 418+21 41.8+2.1
] 31.7 31.3 31.0 29.1 27.7 27.7 29.2 27.6 23.2
39.141.2 387+14 387+1.3 420421 41.9+21 418+21 | 419419 41.8+2.0 415+2.1
Ny = 1 Ny = 2 Ny = 3

BGLlll — BGL211 — BGL221 —>‘BGL222‘ stationary
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Toy study to illustrate the possible bias

‘1-times’ ’10-times’
n ' val £1h Parameter | Value ! 10° | Value ! 102
Use the (_:entra va ugs o] t- e i 3 6954 26 051
BGL222 fit as a starting point > . ) :
to add fine structure b2 0.2040 2.040
C3 0.5350 5.350

ARB

BG L222 BG L333

cos 0,
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Create a “true” higher order
Hypothesis of order BGLas3

Has fine structure element the
current data cannot resolve



Toy study to illustrate the possible bias

‘1-times’ ’10-times’

: Tl . Parameter | Value ! 10% | Value ! 107
Use the ?entra va ugs 0] t. & % 5 6054 26.054
BGL22: fit as a starting point > 8
tO add b2 : 02040 : 2040
C3 0.5350 5.350
) Toy Test Create a “true” higher order

Hypothesis of order
Produce ensemble of toy

| measurements _ Has fine structure element the As calculated
using untagged covariance current data cannot resolve o
& BGlLsas central values BGLen, fi
* : of each toy
Each toy is fitted to build the ‘Vcb true ‘Vcb toy
descendant tree and carry i Construct Pulls | Pull = . ‘ y
out a : ltoy

nested hypo. test to select

its preferred BGLnanonc If methodology unbiased, should follow a standard normal

distribution (mean 0, width 1)

.
......
-----------------------------------------------
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Pull Results

Mean and Variance

‘1-times’ /Of Pulls ’10-times’
>\ _I T T | T T T | T T T | T T 1T | T T TT T T TT T T TT | T T TT | T T 1T | T T T I_ > _I LILEL | T T 1T | T T TT | T T TT | T T TT T T T T T T | T T 17T | LI | T TT I_
8 0.35 M =-0.08 £ 0.07 |_7 8 0.35— u=0.08 =+ 0.07 =
g - 0 =1.06+0.05 | ] g - 0=1.03+0.05 |
8 03 BGL122 u=-1.32 + 0.04 |5 8 03 BGL 122 w=-2.27 + 0.07 5
= = 5 =0.99+0.03 | ] "~ = . 6=1.01=0.05 |7
2 025- E g 025 O I‘L -
(<) C ] () - v . ]
@ 0.2 Nested @ 0.2 | el \ | —
L - . L - : 1 [/ \ ]
0.15F- Hypothesis - 0.15F- l . A Nei’:‘ed -
_ _] : 1 { \ _]
E TeSt . - ! ,"‘ ' ypo esIS a
0.1 = O | i 3 d Test -
n . - J§ . [\ .
0.05 X “{ — 0.05— [/ |r, ‘\ . —
OEL-L“*'I'I_I-I‘I—_I+I;I<I|IIII|IIII|IIIIm@—IIIJJLLE 0_|1|’_|4J_1_|_||-|7|+|4|'||||||||||%LL|MA;LLL|||:
-5 4 3 -2 -1 O 1 2 3 4 5 5 4 3 -2 - 0 1 2 3 4 5
Pull on |V b| in Standard Deviations Pull on Ivcbl in Standard Deviations

C
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Pull Results

Mean and Variance

‘1-times’ /Of Puls ’10-times’
> _IIII|IIII|IIII|IIII|IIIIIIIIIIII|IIII|IIII|IIII_ > _IIII|IIII|IIII|IIII|IIIIIIIIIIII|IIII|IIII|IIII_
£ 0.35F h=-0.08£0.07| 7 S 035 w=0.08 + 0.07 | -
= - 0 =1.06+0.05 | S - 0=1.03=+0.05 |3
S 03F BGL122 U =-1.32 + 0.04 |5 S 03F BGL122 w=-2.27 +0.07 |3
'?.'3 - 0=0.99+0.03 | - “q; - ) 6 =1.01=0.05 |J
5 0.25F — 5 0.25F o A .
GE') E E CIE) E R “ ," | ‘L E
2 0.2 Nested - @ 0.2F | mi | =
L] - . ] L - ' 117 \ ]
0.15 Hyp0thQSIS__ 0.15~ 'll' Y ! | \‘l NeSted —
- Test ] - . A + | Hypothesis ]
0.1 = 01 1 i Test -
0.05[ \‘{ - 0.05F ,"I{ |r~" ‘\‘ R -
0 Emnatzl Tt e 0_1:41“ ._|r.+.4.'.|....|...;|+T7ITLLL.._!::}J%&-LLJ4LLL...:
5 4 2 3 4 5 ‘s 4 3 -2 -1 0 1 2 3 4 5
Pull on |V b| in Standard Deviations Pull on Ivcbl in Standard Deviations

C

— Procedure produces unbiased |Vcb| values, just picking a hypothesis (BGL122) does not

Relative Frequency of selected Hypothesis:

BGL 122 BGLg2i12 BGLa231 BGLa22s BGLazs BGLazza BGL3aa BGLoss BGLgzes BGL3sza BGL 333
1-times 6% 0% 37% 27% 6% 6% 11% 0% 2% 4% 0.4%
10-times 0% 0% 8% 38% 14% 8% 16% 3% 4% 8% 1%
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Throwing the New Untagged Belle result into the mix
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Unfolding the Untagged bt result

Measurement provides migration matrices and acceptance, so one can unfold
the measured signal yields via

)(2= (NtrueeM_N Cs?alt<N GM_Nreco)

reco) true

See also Discussion by Gambino,

. . ‘i - O ~ O — Jung, Schacht in
Incorporating Systematic Uncertainties: ogtat syst farXiv-1905.08209. PLB] about this

Gaussian Constraint on — Measurement only provides relative errors, thus one
Systematic Nuisance Parameter has to be a bit careful here (d’Agostini bias)

oS

2 2 2 J J I I relative Error vector of a
X =X + Z ®i Ntrue s Ntrue (1 + ®i8ij) given source i
l i
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Unfolded result
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0

For some sources it would
be necessary to know the
correlation between bins (as
they have a stat. component)

l

Have to make the assumption,
that neighbouring bins are fully
correlated

Correlations




Preliminary New Untagged + Tagged Result for |V ol

Untagged + Tagged Belle Measurement:

e 1 2 3 1 2 3 1 2 3
N
1 99.4 99.1 95.0 98.1 97.8 94.4 97.1 97.0 90.5
40.0+ 0.7 401+ 0.7 400+ 0.7 | 398+ 0.7 395+ 09 395+ 09| 391+ 09 391+ 09 404+ 1.0
5 95.7 93.4 93.4 91.8 91.8 91.7 91.7 91.6 85.7
308+ 0.7 399+ 0.7 399+ 0.7 (139.2+ 0.7] 139.1+ 1.0] 390+ 1.0 | 39.0+x 09 390+ 10 39.7%x 1.1
3 93.8 93.4 93.3 91.7 91.5 90.6 91.7 90.0 90.8
399+ 0./ 398+ 0.7 398+ 0.8 (]1390+ 1.0} 390+ 1.1 384+ 08 | 390+ 08 384+ 10 384+ 1.1
N, =1 N =2 N =3
BGL,,, _)‘BGL222‘ Preliminary
/
BGL,;; - BGL, —>‘BGL122‘ stationary — BGL,,, selected

N

BGL,; —>‘BGL123‘

‘ Vcb

=(39.2+0.7) x 107°
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Conclusions

* Nested hypothesis tests can determine the necessary truncation order
IN an unbiased way

> Good alternative to theory motivated priors
» Avoids overconstraining higher order coefficients in BGL expansion

> These in turn might violate unitarity, but a priori not a conceptual problem
(nature is unitary, i.e. a prior might introduce its own bias)

» Tested “unbiasedness” of procedure via ensembles of pseudo-
experiments (toys)

* Preliminary combination of untagged and tagged measurements:

Preliminary average of

covariance for Lepton ID —> R(D/D*) predictions
‘ V| = (39.2 £0.7) X 1073 systematics; stay tuned [arXiv:1703.05330]
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Consistency with Heavy Quark symmetry

30— ———————————————————— .
- +=-1 CLN (tagged)
o5l BGL (tagged)
SRR BLPR ( )
. 2.0}
1.5;- ____________ -
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05 7 .
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I |
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Rl (fw) — h;/ R2 (w) — As hA A
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