CKM metrology with
semileptonic 5 decays at LHCb

CKM 2023 @ Santiago de Compostela, Spain
September 19th, 2023

Blaise Delaney, on behalf of the LHCb Collaboration



mailto:blaise.delaney@cern.ch

Introduction

Probing the CKM picture using semileptonic decays

» CKM matrix elements are fundamental SM parameters
> Closure of the Unitarity Triangle a null test of the SM

> Semileptonic decays of heavy hadrons involve one hadronic current
— clean laboratory to perform CKM metrology
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Th e L H C b d et e ct o r Single-arm forward spectrometer

» ~25 kHz bb, ~500 kHz
Int. J. Mod. Phys. A 30 (2015) 1530022 > Large samples of semileptonic
decays
» All b-ha o\h\species accessible

[also in WG 2 talks by M. Calvi & M. Rotondo]
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Th e L H C b d et e ct o r Single-arm forward spectrometer

» ~25 kHz bb, ~500 kHz
Int. J. Mod. PhyS. A 30 (2015) 1530022 > Large samples of semileptonic
decays
» All b-hadron species accessible

[also in WG 2 talks by M. Calvi & M. Rotondo]

Ap/p =0.5% —1.0%
Decay time resolution ~ 45 fs
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Th e L H C b d et e ct o r Single-arm forward spectrometer

» ~25 kHz bb, ~500 kHz
Int. J. Mod. PhyS. A 30 (2015) 1530022 > Large samples of semileptonic

decays
Kaon ID efficiency ~ 95 % > All b-hadron species accessible
Pion mis-ID fraction ~ 10 % [also in WG 2 talks by M. Calvi & M. Rotondo]
Muon ID efficiency ~ 97 % f \
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Introduction

‘Vcbl and |Vub‘/‘Vcb‘ @LHCb

Long-standing tension (~30) between | V{C,u}bl inclusive and exclusive

determinations.
LHCDb:

» | V|1V, | via A} decays
[Nature Physics 11 (2015)]

. B system:

a) Theoretically advantageous :

m,>>m,,m,

b) Experimentally appealing:
. ~1010 B_? per fb~! produced

- Reduced part-reco pollution
than BY*
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Introduction
|V, and |V, |/|V,.,| @LHCb

LHCDb:
5 48
> | Vip |/ Ve | via A} decays 2 46
[Nature Physics 11 (2015)] 5 4.4
= 42
. B system: 4

[

[

PRD 101, 072004]

[JHEP 2020, 144 (2020)]

PRL 126, 081804]
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Long-standing tension (~30) between | V. 1, | inclusive and exclusive
determinations.

|| I || || ||
Exclusive IVcbI

IV V]

Exclusive IVubI

- HFLAYV Average

1 I 1 1 1
Ax?* = 1.0 contours

‘ IV ,I: global fit

Inclusive
IV l: GGOU

‘ 2021 \

P = 8.9%
L

40

42

44
IV_1[107]


https://hflav-eos.web.cern.ch/hflav-eos/semi/spring21/html/ExclusiveVub/exclVubVcb.html
https://www.nature.com/articles/nphys3415
mailto:blaise.delaney@cern.ch
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004
https://link.springer.com/article/10.1007/JHEP12(2020)144
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.081804

0 ()=, + :
Bg — Dg " uv, decay rate formalism
PRD 101, 072004, JHEP 2020, 144 (2020)

AN(BY > Doty Ghd,
dw 4873

Vo |*(w? = 1)*2]G(w) ?
N——
1 FF

(mp, + mp, ) Nw X

dr(B° — D~ ptv,)  3my mh.Gy |
= MEW X
dw dcos 8, dcos 0p_dx 16(m)*

|Vcb|2‘\A(w7 e,ua 9D87X)’2J with w =vp-v

DY

3 FF — (mQBS e My — q2)/(2mBng*))

¢* = (pB, —Pp»)°

Parameterisations to model the FF adopted in exclusive | V_, |:

a) Caprini, Lellouch, Neubert (CLN) [Nucl. Phys. B530 (1998) 153]
b) Boyd, Grinstein, Lebed (BGL) [Phys. Rev. Lett. 74 (1995) 4603]
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Measurement of | V., | with

0 )=+
BY - DYy v, decays
Phys. Rev. D 101 2020, 072004



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004

Analysis strategy

Phys. Rev. D 101 2020, 072004

Dataset Full Run 1 dataset «10° =]s)§‘tf‘)ata LHCb

45

1t l@7TeV +2fb '@ 8 TeV ﬂ

Signal: B — D(*)_,tﬁv

Normalisation: B — D)yt
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Analysis strategy

Phys. Rev. D 101 2020, 072004

Dataset Full Run 1 dataset 103 =g§t§)am LHCb

1fb-l@7TeV +2fb~ '@ 8 TeVv Xy 45 IS
S 40f | i)
i 0 ()= + > ]
Signal: B — Dy " u™y, é) i i :
Normalisation: B — D)~y A I I E
D) i
. | | :
Strategy: % | | 3
: ]
> Both channels reconstructed in the ;% | | ]
[K~K™'] ¢ﬂ+final state — reduced syst. = I . E

> Fit data to simultaneously determine 0E DN
| V.,,| and FF parameters 1800 1850 1900 1950 2000 2050
2
Normalisation yield & Myg-n- [MeV/c?]
— Templates of the form external inputs
AN(BY = D" ptw,) | ar(|v,,|, {FF pars})
dcf — R df 5(5)
~— 11 |

Set of fit variables

supplementary material
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A novel fit method

Phys. Rev. D 101 2020, 072004

LHCb Simulation
> 1
5 1.5 0.9
: 0
0 : = 14
Challenge @ LHCb: reconstruct B’ peak with | 0.7
unreconstructed neutrino 13 8-2
Solution: 2D fit to the plane in 12 0.4
0.3
> Corrected mass 11 = 02
0.1
@corr = \/mz(Ds_ﬂJr) +p,(Dyp™) +P¢(Ds_ﬂ+9 o5 1 15 2 25
_ p . (DY) [GeV/c]
>Z?J_(DS ) L
a) Fully reconstructed observable S 1 4s LCb Simulation {
b) Correlated with hadron recoil, w S 14 83
= 135 0
13 06
1.25 0:5
1.2 0.4
1.15 03
1.1 0.2
1.05 0.1
— 05 1 15 > 25 0
12 p (D5) 1GeVic]
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Fraction relative to maximum

Fraction relative to maximum
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Fit results

Phys. Rev. D 101 2020, 072004

Signal fit using the CLN parameterisation:

SV
B)—D;u*v,

B—D utv,
7 Phys. bkg.
B Comb. bkg.

Candidates per 0.1 GeV/c?
o
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Bkg-subtracted distributions:
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Extraction of |V, |
Phys. Rev. D 101 2020, 072004

First exclusive | V_, | extraction at a hadron collider and first

determination using B decays
J Dy y [PRD 101, 072004 supplementary material]

IIIIIIIIIIIIIIIIII'I | N B B |

(/ALEPH [PLB 395,373 (1997)] )

Veplcnn = (41.6 £ 0.6(stat) £ 0.9(syst)

+1.2(ext)) x 1077 N
V. — (42.3 + 0.8(stat) + 0.9(syst / CLEO [PRL89, 081503 2002) | T
Vevlpar = ( ( ) (syst) | OPAL [PLB 482,15 2000)] | e
—3 | OPAL [PLB 482, 15 (2000)] | ————
ilz(eXt)) x 10 | DELPHI [PLB 510, 55 (2001)] = ————t
| DELPHI [EPJ C33,213 (2004)] l —
i BaBar [PRD 77, 032002 (2008)] > e
| BaBar [PRL 100,231803 (2008)] f= ~
: - - | BaBar [PRD 79, 012002 (2009)] S
> Both extractions are compatible with each other | Belle [PRD 100, 052007 (2019)] - .
_ ] _ 0/+ ] ] BaBar [PRL 123. 091801 (2019 el == I
» Agreement with exclusive via B™™" and inclusive | CHcb [LHCb-PAPER-2019-041] -

| cb | determinations. —Exclusive average (HFLAYV 2019)
------- Inclusive average (HFLAYV 2019)

| | | I | | | | I | | | | I | | | | I E | | |

10 20 30 40
14 VI [107]
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Measurement of the shape of the
BO — D U 1/ differential decay rate

J. High Energ. Phys. 2020, 144 (2020)

15
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Analysis strategy

J. High Energ. Phys. 2020, 144 (2020)

Dataset: 2016 data, 1.7 fb—'@ 13 TeV

Selection:

» B) > D~ (> D;y)u*y,
with DJ — [K™K™] 7™, [KT 77 ] oK™

» Reconstruct soft ¥ in a cone around

the D

» Bkg subtraction via fit to m(D.y)

Analysis target:
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Form factor fits
J. High Energ. Phys. 2020, 144 (2020)

The measured B) — D_ _,u+1/ﬂ spectrum unfolded accounting for
efficiency and experimental resolution

— unfolded normalised differential decay rate fit with CLN and BGL

Aq_‘ 3 .5 T I I T T T I I l_l Aq-* 3 .5 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 L
= — - o - -
2" X LHCb . 3" - LHCb .
= : ] = : —— ]
ELT]d ,,|||||||1||||||||||||||||||||||I|I||I||I|I||I||I|I| """“““'“'WWWWM\\I\I\\I\\|\|\ 3 55 ,sF 3
T E | WIHHM ] T E ]
% -l |||||||||I||| “““'“"'“ ] %/ B ]
S 2F - ] = = 2F -
S 9 : * Iy N, 58 : i —
Z 15F data H =215 3
- E Fit with BGL parametrisation 3 = : —_— data

1 o o = 1 [ 1 BGL parametrisation Phys. Rev. D101 (2020) 072004 ]

N Fit with CLN parametrisation ] N [ ] CLN parametrisation Phys. Rev. D101 (2020) 072004
0. 5 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 l- 0. 5 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 l_l

1 1.1 1.2 1.3 1.4 | 1.1 1.2 1.3 1.4
Wunf wunf

First unfolded BS — D: _,u+yﬂ as a function of w demonstrating
compatibility of BGL and CLN parameterisations
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First observation of the decay BSO — K™ u
and measurementof |V . |/|V. ]

Phys. Rev. Lett. 126, 081804

18
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Analysis strategy

Phys. Rev. Lett. 126 (2021), 081804

Dataset: 2012 data, 2 fb~ @ 8TeV
. p0 _
Signal: B — K u™v,
S

Normalisation: B) — D; u*w,

CKM extraction:

g . p
Theory input Experiment
2 g 0 > — 4+ .
Vb y FF BB - K u"v,)
Ven |2 FFp, B(B? — Dg utv,)
Nk ep B
= K P S B(DF - KK aT)
N s
Ds gK . - J
Fv't Simulation PTEP 2020 (2020) 8, 083C01
1

. J

with FFy = \be\_2 /[dF(Bg — Y,u+uu)/dq2]dq2,
Ye{K ,D, };x€{uc}
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Analysis strategy

Phys. Rev. Lett. 126 (2021), 081804

( )
B(BY - K utv,)  |Vl? FF g
X
B(By = Dy ptvu)  |[Va|? FEp,
—_— ~——
Experiment Theory input

with FFy = \be|_2 /[dF(Bg — Y,u+uu)/dq2]dq2,

Ye{K ,D;};x € {u,c}

|V, |/| V., | extraction in two regions of q2 using FFx calculations from

a) LCSR @ ¢ < 7 GeVa/ct [JHEP 2017, 112 (2017)] — Maximise precision of

theoretical inputs
b) Lattice QCD @ q2 > ] GeV2/c4[Phys. Rev. D 100, 034501] — Similar siglgonal-fit yields

with full-g* FFp,_from lattice QCD [Phys. Rev. D 101, 074513]

Delaney (MIT) - CKM 2023 =
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Fits to data

Phys. Rev. Lett. 126 (2021), 081801

Yields:
N(BB > DS_,uJFUM) = 201450 %= 5200
N(BS > K_,u+l/ﬂ)q2<7 = 6922 + 285

NB) = K~ put*v,) os7 = 6399 + 370

0 — 4+ o)
B — K u"v,low g
A~ T I . . : : : . : . . | . | —
(1) 1600 - ¢+ Data I E
2 1400 ——— Total I [1) E
= 1500 [ BS — K"u', ,Ii E
S f —— H,—~ H, (= KX)uX .
<1000 g e If E
~ F—— By = KFut, .
& 800F B— ct(— uu) Iﬁjji =
._‘g 600 :_— MISIP | |I E
S - —— Combinatorial il ]
g 400 [ 1§ -
“ 200 gt t e ]
- ihe
O o gooted®® [Pyt ™ R T o -i
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Extraction of |V

Phys. Rev. Lett. 126 (2021), 081804

Low qz: B

High g*:

w1V

= 3.25 + 0.21(stat) "

= 1.66 & 0.08(stat) & 0.07(syst) & 0.05(D,) x 1073

035 (syst) £ 0.09(D;) x 107°

Vol /| Vi liow = 0.0607 £ 0.0015(stat)
| +0.0013(syst) & 0.0008(Ds)|
+0.0030(FF)

]Vub\/\VCblhigh — 0.0946 + 0.0030(Stat)
T 0:0025 (Syst) =+ 0.0013(Dy)
:|:0.0068(FF)
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B %K M "V,
g2 <7 GeVz/c“

@

B; = K u*v,
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s S o]
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Summary

[PRD 101, 072004 supplementary material

IIIIIIIIIIIIIIIIII'II;III

e —

f ALEPH [PLB 395, 373 (1997)]

. — g [PRL 126, 081804 supplementary materiall

o (‘flr7_1 B T T !g | 0.>)| | T
BGL '——' o - . .
S I — B — —
””” H——H = B §<) 8
: = n [ e
OPAL [PLB 482, 15 (2000)] o . = > >

. | 2 A
| DELPHI [PLB 510, 55 (2001)] | bt - qubl Inclusive 2 S gl Ge\] Ic

| DELPHI [EPJ C33, 213 (2004)] | e 4= — ,T_K:\,\AL?L
> —— ~ IV ! BEXclusive BS

' BaBar [PRD 77, 032002 (2008)]

IIIIIIIIIIIIIIIIIII

\ BaBar [PRL 100, 231803 (2008)] k= : - L2 |t
| BaBar [PRD 79,012002 (2009)] | ‘_j—' 3= s pUYs q2 > 15 GeN /¢
| Belle [PRD 100, 052007 (2019)] oL - AN P

BaBar [PRL 123,091801 (2019 o = B

\5 , TGV
LHCb [LHCb-PAPER-2019-041] g, ’ — Kuyv. 4 =—""

— Exclusive average (HFLAV 2019) - |
------- Inclusive average (HFLAV 2019) 35 40

A B BN BT | B AT |VCb|[10-3]
10 20 30 40
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In the pipeline...

LHCDb Implications Workshop 2022
. B) - Ky,

- Planned Run 2 update executed in nominally 8 bins in q2 — aim for
sensitivity to the shape of the differential decay rate

_ Investlgatlng Bt — J/wK™ data as normalisation — simultaneously fit
| V.,,| and coeffs of FF parameterisation

- Profit from updated BQ — K™ FF calculation with reduced uncertainty at low

q2

> Additional channels reaching advanced state:

a) Bf — D(*)OMJ’ v, rextract | V,,|/| V| by normalising to B;" — J/t//,u U,

with full 9 fo~! dataset — profit from LQCD B - D “V'FF across full q

b) BT — puv,:access | V,,| and diff. decay rate

C) AO — A(*)J“ U, access | V., | and diff. decay rate [Phys. Rev. D 99, 055008

24
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Thank you for your attention
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Appendix



Measurement of | V., | with

Y —
B) - D{)"pu*v, decays
Phys. Rev. D 101, 072004

27


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004

External inputs
Phys. Rev. D 101, 072004

TABLE 1III. External inputs based on experimental

measurements.
Parameter Value Reference
fs/faxB(D; — 0.0191 + 0.0008 [24,50]
K K™n™) x 7 [ps]
B(D~ - K" K'zn™) 0.00993 + 0.00024 39
B(D*~ - D™X) 0.323 + 0.006 39
B(B’ — D‘;ﬁvﬂ) 0.0231 £ 0.0010 39
B(B’ — D*‘/ﬁvﬂ) 0.0505 + 0.0014 39
BY mass [GeV/c?] 5.36688 + 0.00017 39
D; mass [GeV/c?] 1.96834 + 0.00007 39
D¥~ mass [GeV/c?] 2.1122 + 0.0004 39
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External inputs
Phys. Rev. D 101, 072004

TABLE IV. External inputs based on ‘theory calculations. The
values and their correlations are derived in Appendix A, based

on Ref. [23].

Parameter Value Reference
NEW 1.0066 &+ 0.0050 [26]
hAl(l) 0.902 +0.013 [18]
CLN parametrization

G(0) 1.07 = 0.04 [23]
pZ(DS‘) 1.23 +0.05 [23]
BGL parametrization

G(0) 1.07 = 0.04 23]
d —0.012 == 0.008 23]
d, —0.24 + 0.05 29
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Systematic uncertainties
Phys. Rev. D 101, 072004

Uncertainty

Source CLN parametrization BGL parametrization

V| p*(D;)  G(0)  p*(Di7)  Ri(1)  Ry(1) Vool dy do G(0) by 1 ao a R R*

[1073]  [1071]  [1072] [1071] 1071 [1071] [1073] [1072] [107Y] [1072% [107%] [1073] [107%] [1071] [107Y]  [1071]
fs/fax B(D; — K+K_7r_)(><7) 0.8 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.4 0.4
B(D~ — K_K+7T_) 0.5 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.3 0.3
B(D*~ — D~ X) 0.2 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.0 0.1 0.0 0.2 0.0 0.3 - 0.2
B( B 0 D‘/ﬁyu) 0.4 0.0 0.3 0.1 0.2 0.1 0.5 0.1 0.0 0.1 0.1 0.4 0.1 0.7 - -
B( B 0 D*‘/ﬁyu) 0.3 0.0 0.2 0.1 0.1 0.1 0.2 0.0 0.0 0.1 0.1 0.3 0.1 0.4 - -
m(Bg), m(D™7) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 - -
NEW 0.2 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1 - -
ha,(1) 0.3 0.0 0.2 0.1 0.1 0.1 0.3 0.0 0.0 0.1 0.1 0.3 0.1 0.5 - -
External inputs (ext) 1.2 0.0 0.4 0.1 0.2 0.1 1.2 0.1 0.0 0.1 0.1 0.6 0.1 0.8 0.5 0.5
D(_s) — KTK~7~ model 0.8 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.4
Background 0.4 0.3 2.2 0.5 0.9 0.7 0.1 0.5 0.2 2.3 0.7 2.0 0.5 2.0 0.4 0.6
Fit bias 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.2 0.4 0.2 0.4 0.0 0.0
Corrections to simulation 0.0 0.0 0.5 0.0 0.1 0.0 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.1 0.0 0.0
Form-factor parametrization — — — — — — — — — — — — — — 0.0 0.1
Experimental (syst) 0.9 0.3 2.2 0.5 0.9 0.7 0.9 0.5 0.2 2.3 0.7 2.1 0.5 2.0 0.6 0.7
Statistical (stat) 0.6 0.5 3.4 1.7 2.5 1.6 0.8 0.7 0.5 3.4 0.7 2.2 0.9 2.6 0.5 0.5
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Fit results
Phys. Rev. D 101, 072004

Parameter Value

V| [1073] 414 £0.6

(stat) £ 1.2 (
G(0) 1.102 + 0.034 (stat) + 0.004 (ext
02(D7) 1.27 +£0.05 (stat) +0.00 (
0?(D*™) 1.23 +£0.17 (stat) =0.01 (
Ri(1) 1.34 £0.25 (stat) £0.02 (

(stat) (

R5(1) 0.83 +0.16 (stat) = 0.01

Parameter

423  +08 (stat)+£1.2
1.097 +0.034 (stat) = 0.001 (
—0.017 £0.007 (stat) +0.001 (
—0.26 +0.05 (stat) +£0.00 (
—0.06 +£0.07 (stat) £0.01 (
0.037 =+ 0.009 (stat)+0.001 (
0.28 4026 (stat)+0.08 (
0.0031 = 0.0022 (stat) & 0.0006 (ex
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Measurement of the shape of the
BO — D U 1/ differential decay rate

J. High Energ. Phys. 2020, 144 (2020)
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Signal Fits

J. High Energ. Phys. 2020, 144 (2020)

$ data

Binned maximum-likelihood fit to Mo (D, ~u™) N

In 7 bins of reconstructed w | 1| — extract raw yields B 5 - fo;rwr
H, — D, X,

Binning optimised to ensure comparable signal yield combinatorial

In each bin By — Djl'v,

o - - - < 4500

i :232 LHCb :(5)83 LHCb

= 3000 10=w=1.11 2000 138 <w =147

33 [1] JHEP 02 (2017) 021
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Slg nal Fits J. High Energ. Phys. 2020, 144 (2020)

Binning scheme in reconstructed w
bin 1 2 3 4 5 6 7

w 1.1087 1.1688 1.2212 1.2717 1.3226 1.3814 1.4667

_ <0 3500
, ~
LHCb = LHCb > 300 LHCb
]
10=w=1.11 = L1l <w<117 Ezsoo 117<w <122
g g 2000
S Z 1500
§ S 1000
ks e 500
= <
8 @)
4
4 —
= 2 S (%
2 & e
3500 I 40I00 I 45I00 I SOIOO I -4 L L L L L v L _3500 I 40I00 I 45I00 I SOIOO
3500 4000 4500 5000
Meory [MeV/c?] e [MeV/c] Mgor [MeV/c?]
— T T T T T T T ~ 3500 T T T T T T
NQ 3000 NQ &
% > LHCb LHCb
E 2500 [5}
1.22<w <127 p= 127<w =132 1.32<w <138
A 2000 ]
g Q
7 1500 3
g 1000 ks
g 500 :%
@) O
4
= 2
z 9 ;
_4 1 1 1 1 1 1 1 _ L L L L L _4 1 1 1 1 1 1
3500 4000 4500 5000 3500 4000 4500 SOOOM Vi 3500 4000 4500 5000
Moy [MeV/c?] Meorr [MeV/C7] Meors [MeV/c?]
% data (\/l;\ 3500 T T T T T T ‘\TQ :(5)32
0 s % 3000 LHCb % 3500 LHCb
+
_ B, — DS uv, = 2500 132<w =138 c%3000 138 <w <147
% {/ e
Bs Ds TV, 2 1500 2 2000
e g 1000 S 1300
H py D, X. = = 1000
£ 500 § 500
combinatorial © o, e S — s
- 2 = 2
0 — 1+ = 0 IO > 0
—_— Al A~
By D"y, ] |
3500 4000 4500 5000 3500 4000 4500 5000 ;
Meor [MeV/c?] Meore [MeV/c7]
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Systematic uncertainties

J. High Energ. Phys. 2020, 144 (2020)

Unfolded yields in each bin of w &

breakdown of stat. and syst. uncertainties

w bin

1 2 3 4 5 6 7
Fraction of N(‘for;ii 0.183 0.144 0.148 0.128 0.117 0.122 0.158
Uncertainties (%)
Simulation sample size 3.5 3.0 2.8 3.1 3.4 3.0 3.7
Sample sizes for effs and corrections 3.6 3.2 3.0 2.8 2.8 2.7 2.8
SVD unfolding regularisation 0.5 0.5 0.1 0.7 1.2 0.0 0.5
Radiative corrections 0.1 0.2 0.1 0.3 0.4 0.2 0.2
Simulation FF parametrisation 0.3 0.1 0.1 0.1 0.2 0.4 0.2
Kinematic corrections 2.4 1.0 1.1 0.1 0.2 0.1 0.9
Hardware-trigger efficiency 0.3 0.3 0.0 0.2 0.2 0.3 0.1
Software-trigger efficiency 0.0 0.1 0.0 0.0 0.1 0.0 0.0
D, selection efficiency 0.5 0.2 0.3 0.3 0.2 0.1 0.3
Photon background subtraction 0.0 2.3 0.8 2.9 2.0 0.9 0.4
Total systematic uncertainty 5.6 5.1 4.4 5.2 5.0 4.2 4.8
Statistical uncertainty 3.4 2.9 2.7 3.1 3.2 2.9 3.4
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Systematic uncertainties

J. High Energ. Phys. 2020, 144 (2020)

Table 4: Summary of the systematic and statistical uncertainties on the parameters p?, a{ and

ag from the unfolded CLN and BGL fits. The total systematic uncertainty is obtained by adding

the individual components in quadrature.

Source o(p?) o(al) o(al)
Simulation sample size 0.053 0.036 i
Sample sizes for efficiencies and corrections 0.020 0.016 sie
SVD unfolding regularisation 0.008 0.004 —
Radiative corrections 0.004 — -
Simulation FF parametrisation 0.007 0.005 —
Kinematic corrections 0.024 0.012 -
Hardware-trigger efficiency 0.001 0.008 -
Software-trigger efficiency 0.004 0.002 —
D7 selection efficiency - 0.008 -
Photon background subtraction 0.002 0.015 -
External parameters in fit 0.024 0.002 M
Total systematic uncertainty 0.068 0.046 o
Statistical uncertainty 0.052 0.034 M
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Inputs to BGL fit

J. High Energ. Phys. 2020, 144 (2020)

Theory inputs used for the BGL fit
[Phys.Lett.B 795 (2019) 386-390] [JHEP 11 (2017) 061]

BGL parameter Value
al 0.01221 + 0.00016
ai 0.0042 =+ 0.0022
a;’ —0.069 T 0037
ad 0.024 T o025
af 0.05 7
&g 1. O—I—O .0
a? 0.0595 + 0.0093
al? —0.318 £ 0.170
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Fit results

J. High Energ. Phys. 2020, 144 (2020)

CLN fit Stat Syst
Unfolded fit p? =1.16 £ 0.05 £ 0.07
Unfolded fit with massless leptons p? = 1.17 £ 0.05 £ 0.07
Folded fit ,02 = 1.14 £0.04 £ 0.07
BGL fit

f_ 1 1
Unfolded fit ay = 0005309522 0.046

a; = 1.00" 5 |
2 —0.19 —0.38

al =0.039 +0.029 + 0.046

Folded fit
af =100+ 58050
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First observation of the decay BSO — K™ u
and measurementof |V . |/|V. ]

Phys. Rev. Lett. 126, 081804
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FF ;- calculations
Phys. Rev. Lett. 126, 081804 [supplementary material]

MILC 2019 [ |UKQCD 2014
HPQCD 2015 [ JLCSR, Khod. & Rus.
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BF result and systematic uncertainties
Phys. Rev. Lett. 126, 081804

-
B(BY - K utv,)

= [4.89 & 0.21(stat) T3] (syst) & 0.14(D,)] x 1077 2
B(BY = Dipiv,) | (stat) F30 (syst) + 0.14(D,)] full g

.

~\

J

Relative systematic uncertainties on B(B, — K p*v,)/B(BY — D, utv,)

Uncertainty All ¢ low ¢®> high ¢°
Tracking 2.0 2.0 2.0
Trigger 1.4 1.2 1.6
Particle identification 1.0 1.0 1.0
o (Meorr) 0.5 0.5 0.5
Isolation 0.2 0.2 0.2
Charged BDT 0.6 0.6 0.6
Neutral BDT 1.1 1.1 1.1
¢®> migration — 2.0 2.0
Efficiency 1.2 1.6 1.6
Fit template e 3 T
Total s S SR
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