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CKM metrology
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B-factories, long standing puzzle. 5




The puzzle

Inclusive vs Exclusive

 LHCDb entered the game with
measurement of |Vuo|/|Veb|

[Nature Physics 11 (2015) 743].

* N\p decays, different source
of systematics uncertainties.

Bring independent information.

* Bs sector promising too,
for both |Vup| (Bs— K®puv)
and ‘Vcb‘ (Bs_’Ds(*)IJV)
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https://www.nature.com/articles/nphys3415

Adding strangeness
to the |Veb| puzzle

 LHCDb potential triggered interesting
theoretical work on Bs decays
(eg. see talk by N. Gubernari)

* Promising lattice QCD calculations,
expect very good precision for
Bs form factors to extract [V

- calculation on the full g2 spectrum

already available for Bs— Dspv
decays [PRD 101 (2020) 074513]

- For Bs—Ds®uv good precision
at zero-recoll [PRD 99 (2019) 114512]
Awaiting full spectrum calculation.

PRD 99 (2019) 114512
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.074513
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.114512
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.114512

Bs@LHCDb

* 6 years of 7-8-13 TeV pp collisions at 40 MHz (9 fb-1).

* About 1010 Bg/fb-1 produced @LHCb vs 10° Bs/fb-1 @Belle Y(5S).
* O(103/s) Bs reconstructible and interesting for physics.

o Store online 40-80% of them using muons, prand displacement.
» Talking about several hundred thousands of Bs decays on tape.

 Large potential for a |Vc.o| measurement with Bs— Ds*uv decays.



[PRD 101 (2020) 072004]
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Challenges x10°  OSsDw ﬁH.(?'?_
Know the number of Bs produced : 7?K -
Dsp -

 pp—bbX cross section known with
O(10-15%) precision [PRL 118 (2017)
052002, PRL 119 (2017) 169901]. Limit
possible precision on [Vcb| to O(5-8%).
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e Use instead a normalisation channel:

Candidates per 2 MeV/c?
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« Bs-to-BO relative production (fs/fq)

O . — ; - -
known at 5% [PRD 100 (2019) 031102]. 18()() 1850 19()() 195() 2000 2()50

Dominant uncertainty on |Vcb| at 2.5%. Moo (MeV/c2]

Inclusive sample of Dspy and Dy candidates
5 displaced from the primary vertex.
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Challenges

Discriminate signhal and background

Unreconstructed neutrino, cannot

close the Bs kinematic a la B-factories.

- No clean peaks to discriminate the
signal decays and the background.

- Recover part of the missing mass.
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Challenges

B rest-frame kinematics

* \ery good sensitivity to the form 0 s 0 15 Y
factors, which are functions of w. p (D7) [GeVic]

.Primary Vertex g U,M
 |Vep| extracted from measurement of o 2 D
decay rate as a function of recoil w s— Us UV
(Ds™ energy in the Bs rest frame). _ LCb Simulation N
_ O i4 —0.9 a
 Would need to approximate w 5 s 08 =
because of the missing neutrino. - 07 &
125 =
» New approach, use p,(D;"). 1 82 E
Fully reconstructed and 1.15 03 =
highly correlated with w. 1.1 02 =
o
2
-
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004

Fitting the differential decay rate

for |Vco| and form factors

* Analyse inclusive sample of Dsp final state (Ds* partially reconstructed).

» Fit as a function of m__.. and p, to determine |Vc»| and form factors.

COIT

Use 2D templates to model data distribution including efficiency e(p, m._,,.).
AN, dr(| Vo | by s o)
=N £ (p 1o mcorr)
dp J_dmcorr dp J_dmcorr

 Constrain form factors from lattice QCD [PRD 101 (2020) 074513,PRD 99 (2019) 114512].

» Normalisation ./ contains measured B0 reference vyields, input branching fractions,
Bs-to-BO production probabilities fs/fq, and Bs lifetime.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.074513
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.114512

[PRD 101 (2020) 072004]

Results

BGL form factors

Need form-factor parametrisation to determine |Vco|. General model from Boyd,
Grinstein and Lebed (BGL, PRL 74 (1995) 4603). Obtain

|V, | = (42.3 = 0.8(stat) = 0.9(syst) = 1.2(ext)) X 107
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https://inspirehep.net/literature/1774910
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004

'PRD 101 (2020) 072004]

Results

CLN form factors

Test also with model from Caprini, Lellouch and Neubert (CLN, NPB 530 (1998) 153).
No significant difference found. Obtain

|V, | = (41.4 £ 0.6(stat) £+ 0.9(syst) + 1.2(ext)) x 1073
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https://www.sciencedirect.com/science/article/pii/S0550321398003502?via=ihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004

Systematic uncertainties & BR

« Dominant: external inputs, 3% relative on |Veo| (mostly from fs/fq).

« 2nd |argest: knowledge of D)~ KKt Dalitz structure, 2% relative on |Veb|.

 3rd Jargest: knowledge of background contamination, 1% relative on [Vcp.

By product of the analysis, first measurements of relative BR:
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.072004

Supporting the form factors

Measurement of w distribution for Bs— Ds*uyv decays

* |ndependent data set. Fully reconstruct the Ds*— Dsy by selecting the soft
photon in a cone around the Ds flight direction.

: 3 arxXiv:2003.08453
~ §<llo T T T [ T T T T | T T T T [ T T I /N XIO | | | | B
© = = ~
= 22 — o 100 —
> - - < _
8 20 ;— —— LHCb —; % - T LLHCb
= 18F E > 8o
~ 6 :— —— —: LV : """""""""""
> 14E = 2 -t
% TE = —  60F e,
o 2 —_ - N—’ B
S oF - O 40 - * —
8 - — +~ - _
B - —— —— - < - DS -
S 6F = o l _
= - ] =
20 4 —_— —— - o 20 — "o' * —_
g — ——t = C% B ‘0‘ . =
2B —e— — i R i
O | | :_._.:_._i_._'—H—0:=1=|—-|_.5 U e | L tmee- b, SR
0 05 n 15 | 2100 2150 2200
y prlGeVic m(Dyy) [MeV/c?]

13


https://arxiv.org/abs/2003.08453

Supporting the form factors

Measurement of w distribution for Bs— Ds*uv decays

 Use a MVA based algorithm

to approximate w, the energy K
of the Ds* in the Bs rest frame 2"
[JHEP 02 (2017) 021]. =
* Fit the corrected mass %
INn bins of the approximate w. LE
» Unfold efficiency and resolution §
using MC. ~
 (Good agreement of the measured

distribution w.r.t. form factors
measured in the |Vop| analysis
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https://link.springer.com/article/10.1007/JHEP02(2017)021
https://arxiv.org/abs/2003.08453
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* First measurement of the shape | [ALEPH IPLB 595, 375 (1957)] T
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of the w distribution In Bs_’Ds IV Nl JOPAL [PLB 482, 15 (2000)] o
decays. T | JOPAL [PLB 482, 15 (2000)] .__.__._.
M| |DELPHI [PLB 510, 55 (2001)] ————t
_ DELPHI [EPJ C33, 213 (2004)] e
e First measurement of |Vep| at a BaBar [PRD 77, 032002 (2008)] |
: - BaBar [PRL 100, 231803 (2008)]
hadron collider, using both BB (PRI 79, 012003 (20001 N
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