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Back in 2018... Falk by ©. Sehwanda

Challenges in Semileptonic B decays 2018

Data used in b — c inclusive analyses

BaBar | <E">:n=0,1,2,3 [PRD 69, 111104 (2004), PRD 81, 032003 (2010)]
<M?2n,>: n=1,2, 3 [PRD 81, 032003 (2010)]
Belle <E">: n=0,1,2,3 [PRD 75, 032001 (2007)]
<M?2",>: n=1,2 [PRD 75, 032005 (2007);
CDF <M?2n,>: n=1,2 [PRD 71, 051103 (2005);
CLEO <M?2n,>: n=1,2 [PRD 70, 032002 (2004);
<E",>: n=1 [PRL 87, 251807 (2001)]
DELPHI <E">:n=1,2,3
<M?2n,>: n=1,2 [EPJ C45, 35 (2006)]

* Newest measurement is from the year 2010!


https://indico.mitp.uni-mainz.de/event/129/contributions/446/attachments/322/334/b2cinc_schwanda.pdf
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A brief recap

Manca’s awesome introduction:’\

Ongoing b — ¢ analyses at Belle(ll)

Tagged and untagged
B — chllg

/ Ray's talk on Wed.

Untagged: only signal
B meson is reconstructed

Tagged: both B mesons
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https://indico.cern.ch/event/851900/contributions/4782083/attachments/2428159/4157347/Barolo_workshop_exclusive.pdf

A brief recap

Manca’s awesome introduction:’\

Exciting, new
results
are on the way!

Ongoing b — ¢ analyses at Belle(ll) Untagged
B(B — Xcgyg)
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https://indico.cern.ch/event/851900/contributions/4782083/attachments/2428159/4157347/Barolo_workshop_exclusive.pdf

Belle Il B(B — X .¢v;) meas.
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https://arxiv.org/abs/2111.09405

Belle Il B(B — X./v,) meas.
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Belle Il B(B — X./v,) meas.
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https://arxiv.org/abs/2111.09405
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Event-wise Key-formula

2ny _ > wi(q*) (Zealin, o)
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Recipe to bake moments

Estimate background normalizations by fitting

Determine sets of signal prob. weights as a
progression of threshold selections
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Recipe to bake moments

Estimate background normalizations by fitting

Determine sets of signal prob. weights as a

progression of threshold selections

on ¢*
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Recipe to bake moments

# 12

Step #2: Calibrate moments

Use simulated data to calibrate reconstructed
moments

Event-wise Key-formula

2ny _ > wi(7*) (gali,i)
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and true moments as a function of q2
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Recipe to bake moments

Step #3: If you fail, (°™)

try, try again

Correct for residual calibration bias

Event-wise Key-formula
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Recipe to bake moments

©
O

S

Step #3: If you fail,

(q

2n>

try, try again

Correct for residual calibration bias
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Recipe to bake moments

Event-wise Key-formula
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Belle |l (Mx) moments

arXiv:2009.04493

Data/MC

Events / (0.08 GeV/c?)

First presented in summer 2020
Belle Il data sample: 34.6 fo~1

Companion B meson reconstructed using the Full Event Interpretation (FEI)

Requires one high momentum signal lepton

Reduces background by exploiting inclusive kinematic variables

Performs calibration as a function of: Missing energy and momentum, X system multiplicity, p,

Leading systematics: B — X.£v composition + modelling
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https://arxiv.org/abs/2009.04493
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Belle (¢"*) moments

PRD 104, 112011 (2021)

* Fresh idea from [JHEP 02, 177 (2019)] (see Keri’s talk)
* First presented in spring 2021
Complete Belle dataset: 711 fo~!
 Companion B meson reconstructed using the Full Reconstruction (FR)
Selects leptons at detector acceptance limit: p, > 0.3 GeV, pz > 0.5 GeV

e Separates electron and muon channels

* Exploits missing energy and momentum to reject backgrounds
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i) uncertainties at lower
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S 0.50 . 6|
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0.25 1 s s 6‘lll7u ‘8‘Ill9 ‘.‘10‘
Sl —
A B |
0.00 —aieial STl S S S S S SN S SN AN S S SR SN S S 2
5 10 15 20 25 30 Ncq‘) 098 ', f L .*. n *l i .-*-. L I* ............ f ..... * ......... :
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https://link.springer.com/article/10.1007/JHEP02(2019)177
https://indico.cern.ch/event/851900/contributions/4793290/attachments/2428757/4158439/Vcb_barolo.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112011

Hot off the press from Belle |l!

#18

Talk by W. Sutcliffe
Moriond EW 2022

Measurements of inclusive B — X./v decays.

g> moments from B — X_.fv decays

William Sutcliffe on behalf of Belle Il Semileptonic B decays at Belle Il

2 . 2
@ Here compare n = 1,2 g° moments as a function of lower g° threshold between
Belle Il and Belle.
Belle Il - 901 Belte -
9 [Lot = 62.8fb"! - * [Ldt = 62.8fb! o
. 80 |
;C ol . oo ‘;E 70l - o
r; o = 40
é 7 - " E 60 N .
o ¢ = ‘
g N S50} .
6 to ¢
% 40 L +°
'™ ¢ Measurement b \ ¢ Measurement
4 s x. Model o s x. Model
5 , ‘ , , , , ‘ 30 b , , , l , , ,
2 3 4 5 6 7 8 2 3 4 5 6 7 8
a?, [Gev?/c?] a2, [Gev?/c?]
Simulated X('cocktaH Y ' o e Simulated X('cocklal # ]
10 1 t ;'Sgtr":”s Ve o 100 [ § rI\:,Iecl.rons 134
L1 " 90 | it
T it _ T
% . - % 8o | It
S 4 ) {34
~ 44 —~ 70} ¢
) o & 4t
7 ot 60 L tt 1
s e arxiv2109.01685
} r { 1
o B Belle 711 fb~1
;; ‘-1 é p _', é 3 1‘0 40:;4;616 ......... 1.0.
@ Expect global fits for inclusive | V| using the moments in the near future.

14 March 2022, Moriond EW 11 /12


https://moriond.in2p3.fr/2022/EW/slides/5/2/4_WSutcliffe-v1.pdf

B — X.v modelling & composition

A leading systematic in all the discussed analyses:

BB" — X'tTy) ~ 10.79%

Do[FVe
2.31%

D*O£+ Vy

5.05 %

D**°¢*y, + Other
2.38%

Gap
~ 1.05%
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B — X.v modelling & composition

A leading systematic in all the discussed analyses:

BB" — X'tTy) ~ 10.79%

- >
D()ﬁyg D*()€+Vg D**O£+Vg -+ Other Gap
2.31% 5.05% 2.38% ~ 1.05%

Decay B(B™) B(B)

B— Dl y, (2.4+0.1) x 1072 (2.2+£0.1) x 10° Fairly well known.

B—D*¢ty, (55+0.1)x107% (5.1+0.1)x10? Some iso-spin tension.
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B — X.v modelling & composition

A leading systematic in all the discussed analyses:

BB" — X'tTy) ~ 10.79%

> >
Doﬁz/g D*OFLI/E D**()€+Vg + Other Gap
2.31% 5.05 % 2.38% ~ 1.05%

Decay B(B™) B(B)

B— D( y, (2.4+0.1) x 1072 (2.2+£0.1) x 10° Fairly well known.

B—D*¢ty, (55+0.1)x107% (5.1+0.1)x10? Some iso-spin tension.

B— D ¢ty, (66+£01)x10"° (6.2+0.1)x 107°

B — D30Ty,
B — D} 0"y,
B — Dy 0"y,

)
)
)
(2.94+0.3) x 107°
(4.2+0.8) x 107°
(4.24+0.9) x 107°

(
(
(
(2.7+0.3) x 107°
(3.94+0.7) x 10°
(3.9+0.8) x 107°

Broad states based on

3 measurements.

(BaBar, Belle, DELPHI)
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B — X.v modelling & composition

A leading systematic in all the discussed analyses:

BB" — X'tTy) ~ 10.79%

> >
Doﬁug D*OFLI/E D**()€+Vg - Other Gap
2.31 % 5.05 % 2.38% ~ 1.05%

Decay B(B+) B(BO)

B— D( y, (2.4+0.1) x 1072 (2.2+£0.1) x 10° Fairly well known.

B—D*¢ty, (55+0.1)x107% (5.1+0.1)x10? Some iso-spin tension.

B — D "y,

B — D30Ty,
B — D} 0"y,

2.94+0.3) x 10~

)
)
(6.6 £0.1) x 1073
( )
(4.2+0.8) x 107°
( )

2.74+0.3) x 10~°

(

(

(6.24+0.1) x 10°
( )
(3.94+0.7) x 10°
( )

B — Dty 4.2+0.9) x107° (3.9+£0.8) x 107°
B — X Aty (10.8 £0.4) x 1072 (10.1 +£0.4) x 10~*

Broad states based on
3 measurements.
(BaBar, Belle, DELPHI)
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B — X.v modelling & composition

A leading systematic in all the discussed analyses:

BB" — X'tTy) ~ 10.79%

- >
D ¢ty D*¢ty, D**°¢"y, + Other Gap
2.31% 5.05 % 2.38% ~ 1.05%

Decay B(B™) B(B)

B— D( y, (2.4+0.1) x 1072 (2.2+£0.1) x 10° Fairly well known.

B—D*¢ty, (55+0.1)x107% (5.1+0.1)x10? Some iso-spin tension.

B— D ¢ty, (66+£01)x10"° (6.2+0.1)x 107°

B — D30Ty,
B — D} 0"y,
B — Dy 0"y,

(2.94+0.3) x 107°

(4.24+0.9) x 107°

2.74+0.3) x 10~°

B — D"y,

)
)
)
)
(4.2+0.8) x 107°
)
(0.6 £0.9) x 107°
)

B— Dttt vy, (22+1.0)x107°

)}

0.6+ 0.9) x 10~°

(
(
(
(
(3.94+0.7) x 10°
(
(
(20+1.0) x 107°

)

)
3.9+0.8) x 107°

)

)

B — XCEVg

(10.8 £0.4) x 1072 (10.1 +£0.4) x 10~*

Broad states based on
3 measurements.
(BaBar, Belle, DELPHI)

Some hints from
the BaBar result.



A tale of two ‘gap’ models

Model 1:
Equidistribution of all final state particles in phase space

Decay B(B™) B(B°)

B— DrrlTy, (0.6+0.9)x107° (0.6+0.9) x 107"
B D'rrlTy, (22+1.0)x107% (2.0+1.0) x 107°
B—Dnlty, (4.0+£4.0)x107% (4.0+4.0) x 10‘3
B—D'nlty, (40+4.0)x10"° (4.0+4.0)x107°

) )

B — X ly, (10.8 £0.4) x 1072 (10.1 +0.4) x 10~*
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A tale of two ‘gap’ models m

Model 1: Model 2:
Equidistribution of all final state particles in phase space Decay via intermediate broad D™™ state

Decay B(B™) B(B°) Decay B(B™) B(B")
B — Dyt y, (0.034+0.03) x 1072 (0.03+£0.03) x 10~2
(= Dnrm)
B — Di(ty, (0.03 £ 0.03) x 102 (0.03 £ 0.03) x 102
(— Dnm)
B— Dirm Ty, (0.108 £ 0.051) x 1072 (0.101 % 0.048) x 102
(= D*rnr)
B —» Dirn T v, (0.108 £+ 0.051) x 1072 (0.101 £ 0.048) x 102
(= D*rr)

B — Drml* v, (0.6+0.9) x 1073 (0.6 +0.9) x 1073 | B Ditty, (0.396 4 0.396) x 1072 (0.399 + 0.399) x 107>

B — D*rr vy, (2.241.0) x 1073 (2.0 £1.0) x 1073 S (< Dn)

B — Dny VA vy (4.0 £ 4.0) X 1073 (4.0 + 4.0) x 10~2 | B — D"y, (0.396 + 0.396) x 1072 (0.399 + 0.399) x 10~

B—D'nl vy, (40£4.0)x107° (4.0+£4.0)x107° (= D)

B — Xy, (10.8 +0.4) x 1072 (10.1 +0.4) x 102




A tale of two ‘gap’ models

Equidistribution of all final state particles in phase space

Model 1:

Model 2:

Decay via intermediate broad D™ state

B(B™)

B(B)

(0.03 +0.03) x 107
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Recap: Arp status

Manca'’s talk...again

( e Further studies are needed

Arg from BY — D*~ (v, (2021) [arXiv:2104.02094v1]

0.56F N 0.24r

[ e Belle [ I e Belle

[ _ T B B 0.22r
0.55 ! e _SM T [ I E{ e SM
0.54F 1 [ t L1 | l 0.18F
053_ { 1 1 E 1 | | | 016' I

1l 0.14:' EI 3 II
0528 ' ' = ~ =012 © ") © w l

(F)y (F")y (SF) (FY) (F") (SF) A\ AW (mag) = (857) = (S§") = (2S5

discrepancy of 2o

e Stable with respect to the type of fit and the systematic correlations
e Correlation matrices of the statistical uncertainties are incorrect

? Beyond the Standard Model physics scenario

7 Wrong assumptions — But why no dlscreancy in other parameters?



https://indico.cern.ch/event/851900/contributions/4782083/attachments/2428159/4157347/Barolo_workshop_exclusive.pdf
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Recap: Arp status

Manca'’s talk...again

Arg from BY — D*~ (v, (2021) [arXiv:2104.02094v1]

0.56F . 0.24

: « Belle : ) « Belle
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0.55 : e _SM T [ I E{ e SM
0.54F 1 [ t L1 | { 0.18F
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(F)y (F")y (SF) (FY) (F") (SF) (AFg)  \(APp) (S ) = (857) = (S§") = (2S5

discrepancy of 2o

e Stable with respect to the type of fit and the systematic correlations
e Correlation matrices of the statistical uncertainties are incorrect

? Beyond the Standard Model physics scenario

7 Wrong assumptions — But why no dlscreancy in other parameters?

| "o Further studies are needed

. complementary study, while also gaining additional information on

T\ Measure A, from inclusive B — X v decays for an orthogonal,
HQE parameters. [JHEP 04 (2016) 131]


https://link.springer.com/article/10.1007/JHEP04(2016)131
https://indico.cern.ch/event/851900/contributions/4782083/attachments/2428159/4157347/Barolo_workshop_exclusive.pdf
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Arp at Belle ||

JHEP 04 (2016) 131
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* Goal: Measure Ay from inclusive B — X v 06"

decays using hadronic tagging 05}
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https://link.springer.com/article/10.1007/JHEP04(2016)131
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Arp at Belle ||

JHEP 04 (2016) 131
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* Goal: Measure Ay from inclusive B — X v 06"

decays using hadronic tagging 05

dr_ 04 ;{Black: 1/m,°
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 Blue [Dotted ]: 1/m ,°
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CosB

e Reconstruct:



https://link.springer.com/article/10.1007/JHEP04(2016)131
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Arp at Belle ||

JHEP 04 (2016) 131

E..i=0 GeV

0.7¢
* Goal: Measure Ay from inclusive B — X v 06"

: z = cosby
decays using hadronic tagging 0} !

dar__ 04 ;{Black: 1/m,°
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CosB

e Reconstruct:
E,, — B/
VBB + EP)? — ¢

z =

e Missing energy and q2 easily accessible variables
with tagged approach



https://link.springer.com/article/10.1007/JHEP04(2016)131
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Arp at Belle ||

JHEP 04 (2016) 131

0.7¢
* Goal: Measure Ay from inclusive B — X v 06"

decays using hadronic tagging 05}

dr__ 04 ;{Black: 1/m,°

d cos6 0.3 ;Green 1/m >

1 0 dIl’ 1 dIl’ 0.2 Red[Dashed : 1/m’

AFB = —= dz— — dz— - Orange [Longdashed ]: 1/m,*
I 1 dz 0 dz 0.1F

 Blue [Dotted ]: 1/m ,°

0.0
1.0 0.5 0.0 0.5 1.0

CosB

e Reconstruct:
E,, — B/
VBB + BP) — ¢

z =

e Missing energy and q2 easily accessible variables
with tagged approach

e Separate electron and muon channels for further
LFU tests


https://link.springer.com/article/10.1007/JHEP04(2016)131
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JHEP 04 (2016) 131

0.7¢
* Goal: Measure Ay from inclusive B — X v 06"

decays using hadronic tagging 05}

dr 04F¢

0.0

e Reconstruct:
E,, — B/
VBB + BP) — ¢

z =

e Missing energy and q2 easily accessible variables
with tagged approach

e Separate electron and muon channels for further
LFU tests

e Additional information leads to greater sensitivity in
global fits, particularly the HQE parameter /i
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https://link.springer.com/article/10.1007/JHEP04(2016)131

Impact of an E, requirement

dI'/d cos 6

-1.0 -0.5 0.0 0.5 1.0

Ecut = 0 GeV

03]
0.2F
0.1F

Nice, smooth curve
without any requirement

B
on Ef

CosB

* A minimum energy is required for leptons to

be successfully reconstructed & identified
by the Belle Il detector
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Impact of an E, requirement

dI'/d cos 6

Ecut = 0 GeV

0.3 ] Nice, smooth curve

0.2F without any requirement

0.1 3 on Eg

0.0 ; L L " " L L L L L L . . . . L . . X X ]
-1.0 -0.5 0.0 0.5 1.0

CosB

* A minimum energy is required for leptons to
be successfully reconstructed & identified
by the Belle Il detector

» Higher E, selects a less inclusive sample
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Impact of an E, requirement
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dI'/d cos 6

Ecut = 0 GeV

0.3 ] Nice, smooth curve

0.2F without any requirement

0.1 3 on Eg

0.0 ; L L " " L L L L L L . . . . L . . X X ]
-1.0 -0.5 0.0 0.5 1.0

CosB

* A minimum energy is required for leptons to
be successfully reconstructed & identified
by the Belle Il detector

» Higher E, selects a less inclusive sample

e Imposing an £, requirement introduces a

kink, which would smooth out due to
detector resolution
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: selections...
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dI'/d cos 6

-1.0 -0.5 0.0 0.5 1.0

Ecut = 0 GeV

03]
0.2F
0.1F

Nice, smooth curve
without any requirement

B
on Ef

CosB

A minimum energy is required for leptons to
be successfully reconstructed & identified
by the Belle Il detector

Higher £, selects a less inclusive sample

Imposing an E, requirement introduces a

kink, which would smooth out due to
detector resolution

Potential challenges in unfolding
reconstructed to the underlying distribution?
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Impact of an E, requirement
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Publication
in preparation
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-0.5

A minimum energy is required for leptons to
be successfully reconstructed & identified
by the Belle Il detector

Higher £, selects a less inclusive sample

Imposing an E, requirement introduces a

kink, which would smooth out due to
detector resolution

Potential challenges in unfolding
reconstructed to the underlying distribution?

Suggestion:
Use a q2 selection instead
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Publication
in preparation
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be successfully reconstructed & identified
by the Belle Il detector

Higher £, selects a less inclusive sample

Imposing an E, requirement introduces a

kink, which would smooth out due to
detector resolution

Potential challenges in unfolding
reconstructed to the underlying distribution?

Suggestion:
Use a q2 selection instead

dI’/d cos 6

<
o
—————

l_IN
elpe]
-

with increasing Eg
selections...
1 1 1 1 | 1 1 1 1
-1.0 -0.5 0.0 0.5 1.0
Cos6
1 g*>0.0GeV?
g% > 1.5GeV?
1 g?>3.0GeV?
\\\
N\
\
N
N
AN
\
S -
0.3 - . N \\
Agrees well with - X
Sherpa simulation e :\
\\\ \\
N N
PN
\\ \
NN
N
Preliminary F. Herren
ll
/
- !/
iz = /

0.2 |

0.1

0.0
10

0.9 |

ratio

0.7 1
0.6 1
-1.00

ECllt = 1 GeV

o
~
—

Dist. distorts rapidly

0.8 1

075



Conclusion & Outlook:

Measurements generally used in b — ¢ analyses are old

and should be systematically revisited with Belle || and
LHCDb.

Several new results on inclusive B — X_£v decays at
the B-factories: 3, moments of (¢g*") and (M%)...

Modelling and composition of B — X £v decays are

leading systematics. Steadily increasing dataset of
Belle Il will improve our understanding of the non-
resonant contribution.

New observables that could better constrain the OPE

should be investigated. Analysis aiming to measure Ay
already underway —with help from theory friends! «...you?)




Reconstruction at B-Factories

# 41

Key-technique: hadronic tagging

Tag Side

Psig = Pe+e- — Prag

Can identify X
constituents

Full Reconstruction =
Belle tagging algorithm

Candidates reconstructed using a
hierarchical approach & neural
networks in hadronic modes

1104 decay cascades
used with an efficiency of

0.28% / 0.18% for B* and B®/RB°

My = \/(px)u (PX)M

EM-Cluster

Charged Tracks Neutral Clusters

l l
px = Z (\/mi + !pil2,pi) +2_ (B k)

x10®
| Belle

L s e e S e B e L A S e E s
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= =
N u
(6] o
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Determining incl. [Veo

Established approach: Use hadronic mass
moments, lepton energy moments etc.

L(B — Xclvy) (My) (Ey)

to determine non-perturbative matrix elements
(ME) of HQE and extract V)|

[B = |qu|2 [F(b — qfﬂg) + ]./mc,b + Qg + . :|J

The number ME increases if one increases expansion in orders of 1/mb,c

Novel theoretical approach introduced in [JHEP 02, 177 (2019)]

Goal: Measure
— Exploits reparametrization invariance to reduce the # of ME, <q2”> (h=1-4)as a
but not true for every observable (c.g. not for <MX>) progression of cuts

on g° with Belle &

Holds for (¢”) and at 1/m, the # of ME reduces from 13 — 8(!) Belle ||
elle

Complementary and fully data-driven approach!



Belle (¢*") moments syst.

PRD 104, 112011 (2021)

# 43

g® selection in GeV? 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0
(@%) in GeV? 6.25 654 683 7.13 742 772 802 832 861 891 921 951 980 1009  10.40
Stat. error (data) 1.51 1.45 1.39 1.34 1.30 1.27 1.24 1.22 1.21 1.20 1.20 1.22 1.23 1.26 1.29
Bkg. subtraction 1.34 1.12 0.90 0.71 0.59 0.53 0.49 0.49 0.57 0.63 0.65 0.70 0.76 0.77 0.82
B — X, /v BF 2.18 2.04 1.75 1.48 1.35 1.04 0.76 0.54 0.38 0.29 0.19 0.16 0.12 0.05 0.05
B — X ¢v BF 4.82 5.02 5.14 5.14 5.05 5.00 4.67 4.05 3.51 3.11 2.66 2.21 1.75 1.36 1.16
Non-resonant model 14.25 12.72 11.04 9.28 7.83 6.62 5.42 4.00 3.02 2.28 1.65 1.43 1.04 0.86 0.78
B — X 4v FF 1.43 1.30 1.16 1.03 0.91 0.85 0.82 0.74 0.69 0.62 0.54 0.48 0.42 0.39 0.35
Nepacks TES. 566 531 496 465 436 406 378 352 329 306 2.85 266 251 238  2.20
N~ res. 0.9 0.8 0.04 0.5l 0.o0 0.28 0.50 0.5l 0.02 0.28 0.27 0.20 0.20 0.27 0.29
Erniss — |Pmiss| shape 1.29 1.26 1.21 1.17 1.15 1.11 1.04 1.05 1.06 1.09 1.16 1.20 1.30 1.33 1.29
q2 scale 9.48 7.15 6.65 6.65 6.12 5.91 5.83 5.48 5.26 4.69 4.27 4.42 3.91 3.94 4.38
MC non-closure 0.19 0.11 0.12 0.11 0.11 0.05 0.05 0.06 0.08 0.07 0.11 0.04 0.04 0.06 0.02
Cal. function 0.13 0.08 0.03 0.02 0.07 0.12 0.17 0.22 0.26 0.31 0.35 0.39 0.43 0.47 0.51
Stat. bias corr. 1.32 1.27 1.23 1.19 1.16 1.13 1.10 1.08 1.07 1.06 1.06 1.06 1.07 1.09 1.11
PID eff. 0.16 0.14 0.14 0.13 0.13 0.12 0.11 0.10 0.10 0.10 0.09 0.08 0.08 0.07 0.06
Track eff. 0.44 0.42 0.39 0.36 0.34 0.31 0.29 0.27 0.25 0.23 0.21 0.20 0.18 0.17 0.15
BO/B:}: tag eff. 0.46 0.58 0.50 0.44 0.51 0.40 0.28 0.34 0.36 0.38 0.29 0.23 0.20 0.12 0.47
Sys. error (total) 1899 16.65 15.03 13.62 12.22 11.19 10.17 8.86 7.97 7.06 6.30 6.09 5.44 5.27 5.50
Total rel. error in %o 19.05 16.71 15.09 13.68 12.29 11.26 10.25 8.94 8.06 7.16 6.41 6.21 5.58 5.42 5.65
(qS) in GeV® 2717.22 2963.88 3248.31 3578.45 3947.44 4384.73 4878.23 5458.95 6072.92 6780.95 7616.67 8497.60 9466.03 10603.31 11917.23
Stat. error (data) 10.35 10.07 9.78 9.47 9.19 8.89 8.63 8.36 8.19 8.05 7.94 7.91 7.94 7.95 7.99
Bkg. subtraction 5.57 5.25 4.98 4.80 4.99 5.23 5.02 5.06 5.51 5.71 5.58 6.00 5.96 5.81 6.02
B — X, /v BF 11.94 11.10 9.61 7.82 7.00 5.31 3.66 2.53 1.76 1.30 0.79 0.69 0.59 0.20 0.16
B — X v BF 21.51 2291 2324 23.14 2284 22.14 20.76 1850 16.31 14.53 12.43 10.40 8.44 6.74 5.74
Non-resonant model 49.93 45.52 40.56 35.22 30.45 26.13 21.80 16.75 13.12 10.26 7.73 6.66 5.10 4.25 3.79
B — X v FF 4.91 4.76 4.60 4.40 4.23 4.12 4.03 3.75 3.52 3.23 2.88 2.59 2.31 2.09 1.89
Nypocics TES. 29.72 2851 27.15 2582 2447 22.99 2154 2009 18.76 17.40 16.09 14.89 13.83  12.86  11.73
Ny res. 2.95 2.89 2.75 2.62 2.58 2.46 2.46 2.44 2.39 2.22 2.16 2.07 2.00 2.01 2.06
Erniss — |Pmiss| shape  10.18 9.83 9.42 9.05 8.69 8.33 7.89 7.70 7.50 7.35 7.33 7.21 7.26 7.11 6.66
q2 scale 46.61 41.26 39.53 39.00 36.70 35.23 33.82 32.22 30.11 27.83 2547 25.28 23.04 24.16 25.90
MC non-closure 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cal. function 0.63 0.34 0.04 0.26 0.55 0.86 1.14 1.42 1.68 1.92 2.17 2.37 2.56 2.74 2.90
Stat. bias corr. 8.21 8.00 7.79 7.59 7.38 7.18 6.99 6.83 6.67 6.54 6.43 6.35 6.29 6.27 6.27
PID eff. 0.81 0.77 0.74 0.70 0.69 0.64 0.60 0.56 0.52 0.51 0.47 0.42 0.40 0.35 0.30
Track eff. 2.25 2.16 2.05 1.95 1.84 1.72 1.60 1.49 1.38 1.27 1.16 1.06 0.98 0.89 0.81
BO/B:t tag eff. 0.97 1.19 0.98 0.80 0.94 0.58 0.18 0.29 0.30 0.26 0.14 0.42 0.59 1.79 3.06
Sys. error (total) 79.98 73.90 69.18 64.95 60.23 56.09 51.86 47.19 43.06 39.32 35.61 34.06 31.06 30.93 31.65
Total rel. error in %o 80.64 74.58 69.87 65.64 60.93 56.79 52.58 47.93 43.83 40.13 36.48 34.97 32.06 31.93 32.64



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112011

E, vs. g* selection criteria

[JHEP 02, 177 (2019)]

E,[GeV]

E,|GeV]

A requirement of q°> > 3.6 GeV?
IS equivalent to imposing a selection
of Eg > 0.4 GeV
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IS equivalent to imposing a selection
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https://link.springer.com/article/10.1007/JHEP02(2019)177

