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LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

LHCb SL measurements [ I e e
- = 2016 (6.5 TeV): 1.67 /fo '
t LrUtest § % . e B /
o = 2011 (3.5 TeV): 1.11 /b S
«  R(D)-R(D*), R(J/y), R(Ac), Runf £ E] e s | / |
. R(D*), Run1 + Run2(2015-16) N | 7
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* D*F., Run1 + Run2(2015-16) g s& Run1 e . / Run 2
*  |Vuw/Vel|, A\b — p, Bb — K, Run1(2012) % 215_ |
*  |Veb|, Bs— Ds/Ds*, Run E E /7 | ]
. 2010 2011 2012 2013 2014 2015 2016 2017 2018
* Exclusive b —» ¢ Year
*  No — /¢ v differential rate, Run1 (. RunZ2: larger dataset N
* Bs — Ds*uv differential rate, Run2(2016) * 1.9 x Luminosity, 1.8 x o(bb)
* D/D*/D**uv production rate, Run1 * Systematics usually non-negligible
* Exclusive b—u « More data requires larger data controls
«  B—p p v, search for B — 3uv, Run1 samples (scale with L) and larger MC

* Hp production: Bs, Ac,Bcat7and 13TevV | ° Fast MC crucial to exploit the data )
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N sig=1296 i 86 N sig=2469 i 154
KC(D*~) = 1.97 4 0.13 (stat) =+ 0.18 (syst) KC(D*™) = 1.70 & 0.10(stat) "0 11 (syst)
10% | 6% |

MC size is the single dominant systematic (4.1%) ReDecay, EPJC 78, 1009 (2018)
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R(D*) with T — 3a(a®)v

R(D*”) = 0.247 £ 0.015 (stat) & 0.015 (syst) + 0.012 (ext) ~ ASSuming experimental syst.
scaling with L, with full Run2

R(D*™)comp = 0.257 £ 0.012 (stat) + 0.014 (syst) £ 0.012 (ext) owt = 0.022 — 0.014

+ 9% + 5.5%
0 10 (0] = J. (0]
+ 4.7% +54%  £4.7%
. T Source systematic uncertainty (%)
¢ Many SyStematIC uncertalntles Scale down PDF shapes uncertainty (size of simulation sample) 2.0
with |ncreas|ng statistics F%X%ng B — D*:D:(X) bkg model parameters 1.1
Fixing B — D*~ D°(X) bkg model parameters 1.5
. . Fractions of signal 7+ decays 0.3
* Inputs from BESIII on Ds decay modeling iS  Fixing the D™+ tv, and D=+, fractions —
i Knowledge of the D — 37X decay model 1.0
essentlal Specifically the Df — a; X fraction 1.5 Dedl(*:ated
Empty bins i R(D*)
. . ) pty bins in templates 1.3 )
* Crucial to improve external inputs (Belle Il,  signal decay template shape 18 analysis
LHCb Signal decay efficiency 0.9 1S ongoing
) _________ Possible contributions from other 7 decays 1.0
0 - — | B — D*~D*(X) template shapes +2.2
R D*_ L ]C D* l B(B — D 371—) B — D*~D°(X) template shapes 1.2
( ) _ ( ) B RO D*—pyu+u B — D*~D}(X) template shapes 0.3
( — ,‘l’ ) I B D 3rXx template shapes 1.2
_________ Combinatorial background normalisation o2
. : P lecti fhici 2.0
* Afloor of 2-4% due to external inputs will Kinematic reweighting 07
rema|n Vertex error correction 0.9
PID efficiency 0.5
. . . Signal efficiency (size of simulation sample) 1.1
*
° Comblned R(D)'R(D ) IS OngO|ng Normalisation mode efficiency (modelling of m(37)) 1.0
Normalisation efficiency (size of simulation sample) 1.1
Normalisation mode PDF choice 1.0

+6.2

Total systematic uncertainty 5%
M.Rotondo @ Total statistical uncertainty 5.9




R(D)-R(D*) with T —

Model uncertainties Absolute size (x1072) Internal fit uncertainties OR(D+)(X1072)  Op(poy(x1072)

Simulated sample size @\Mﬂ"tm}ty 1.8 6.0

Misidentified p template shape %H;u{g?f;i;;m]zle S%et " ég ) gg

=0 o [\ B emplate shape : .

g = D™ (7™ /u) form factors _ 0.6 B— DW{~5, form-factors 0.7 2.1

B — D**H (= uwvX')X shape corrections 0.5 B— D*u, form-factors 0.8 19

B(B — D*r7v;)/B(B = D"uv,) 0.5 B (B— D*D; (— 777,)X) 0.3 1.2

B — D**(— D*rm)uv shape corrections 0.4 MisID template 0.1] 0.8

Corrections to simulation 0.4 B (B—> D**:r‘m ) 0.5 0.5

Combinatorial background shape 0.3 Combm.atorlal <01 0.1

B D" DHW)’“_E" form factors 0.3 RAi:Slli:::)OIilal model uncertainty : (().110‘2) 0.(1 1072)

5 *+ . OR(D*)(X OR(DY)( X

B = D™(D; = Tv)X fraction 0.1 B— DYDX model uncertainty 0.6 0.7

Total model uncertainty 2.8 BY— D* 1", model uncertainty 0.6 2.4

Normalization uncertainties Absolute size (x107%) Data,/simulation corrections 0.4 0.8

Simulated sample size 0.6 Conlomb_correction fo R(D*T)/R(D*0) 0.2 0.3

Hardware trigger efﬁciency 0.6 MisID ‘femplate unfolding 07_I 1.2

Particle identification efficiencies 0.3 Ba,ryonlc. bac}‘grounds _ 0.7 . 1.2 .

Form-factors 0.2 Normalization uncertainties or(D)(x107?)  oR(poy(x107%)

B(r~ = yv,) <01 Data/simulation corrections 04xR(D*)  0.6xR(D")

T 71; l K V“Illf " taint 0'9 7~ — vV branching fraction 0.2xR(D*)  0.2xR(D°)
otal normalization uncertainty Motal systematic uncertainty 2.4 6.6
R(D*), Run1 PRL115, 111803 (2015) R(D)-R(D*), Run1  PRL131, 111802 (2023)
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R(D)-R(D*) with t — n

Internal fit uncertainties oR(p+)(X1072)  Op(poy(x1072)
. Statistical uncertaint 1.8 6.0
Fast MC factor 10x, will cover Run2 and Simulated sample i 15 45
hopefully will be fine also beyond B— DYDX  template shape 08 3.2
B— D®{~7, form-factors 0.7 2.1
o o . B— D*u v, form-factors 0.8 1.2
Systematics internal to fit likelihood < B (B— D*D; (= 7 7,)X) 0.3 1.2
scale roughly with size of control data MislD template 0.1 0.8
B (B— D*r v, ) 0.5 0.5
Combinatorial <0.1 0.1
\_ Resolution <0.1 0.1
Additional model uncertainty oR(p+)(X107%)  OR(po)(x107%)
PTRSNT . : : 7~ B— D®WDX model uncertainty 0.6 0.7
External_to fit likelihood: requires dedicated B D7, model uncertainty 06 04
studies/measurements. May be able to < Data,/simulation corrections 0.4 0.8
reduce on CaSe_by_Case basis Coulomb correction to R(D*t)/R(D*’) 0.2 0.3
MisID template unfolding 0.7 1.2
C . Baryonic backgrounds 0.7 1.2
Most uncertainties are data driven: = Normalization uncertainties or(p+)(X107%)  oR(po)(x107%)
expected to be reduced with larger Data/simulation corrections 04xR(D*)  0.6xR(D")
data SampleS 7~ — p~v¥ branching fraction 0.2xR(D*)  0.2xR(D°)
. 0 . Total systematic uncertainty 24 6.6
A SyStematIC floor of M will Total uncertainty 3.0 8.9

probably remain

From M.F.Sevilla talk at SM@LHC workshop
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R(D)-R(D*) with T —

o L B L I L L L L BN LN RELENL AL Internal fit uncertainties oR(p+)(X1072)  Op(poy(x1072)
Q034 Ay*=1.0 contours Statistical uncertainty 1.8 6.0
& B 4 Simulated sample size 1.5 4.5
0.52 = = B— DWDX template shape 0.8 3.2
03 - E l?—) D™ ¢~ form-factors 0.7 2.1
C . . B— Dy v, form-factors 0.8 1.2
[ LHCb T 3nlr) st ] B (B— D*D; (= 7 7,)X) 0.3 1.2
0.28 s
C 9ft 7 MisID template 0.1 0.8
026 — ] B (E—) D*r v, ) 0.5 0.5
_ 1 Combinatorial <01 0.1
0.24 — — Resolution <0.1 0.1
C o . Additional model uncertainty oD+ (x1072)  oR(poy(x1072)
022 LAV SM bedicion o B— D™DX model uncertainty ( 8.6 ( 8.7
u R(DI*):()'ZS“O‘OT | | | | . B~ D¥*uv, model uncertainty 0.6 24
0'(2)_25I — l0.3 — IO.35I = I0.4I — I0.45I = l0.5 — 10.551 — I0.6 Data/simulation corrections 0.4 0.8
R(D) Coulomb correction to R(D**)/R(D*") 0.2 0.3
MisID template unfolding 0.7 1.2
0 Baryonic backgrounds 0.7 1.2
*%(D ) =0441 £ 0°060(Stat) == 0066(SYSt) Normalization uncertainties or(p+)(X107%)  oR(po)(x107%)
Data/simulation corrections 04xR(D*)  0.6xR(D"
F(D*) = 0.281  0.018(stat) = 0.024(syst) v bt ction_0BXR(D)_ 09<R(D")
Adding full Run2, assuming irreducible syst %:zi flfffﬁiﬁfyumertamty 33 SS

uncertainty at 3% for both D and D*:
- owt(R(D)) =0.089 — 0.022 1909, ., +8%
- 0wt (R(D*)) = 0.030 —» 0.012  +11% — +4%
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Run3 and beyond HL - LHC >

< 9 fh-1 ——p <4—— Goal: 50 fb-! > <+— Goal: 300 fb-! ——p
Upgrade 1 Consolidation Upgrade 11
e
Run 1 LS1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5 LS5 Run6

2011 2012|2013 2014|2015 2016 2017 2018)2019 2020 2021|2022

2023 2024 2025)2026 2027 20282029 2030 2031 2032§2033 20342035 2036 2037 2039(2040|2041 2042

Runs 1 and 2

40 MHz

PP
collisions readout

1.1 vz [TTESR 12.5 kHz (0.6 GBs)
Hardware Detector @SULEWY Events on disk

Upgrade I (commissioning)

40 MHz HLT 100 kHz (2-5 GB/s)
pp Detector Software Events on disk

collisions readout

Flexible software trigger and 3 new/better trackers

Upgrades Ib and II (proposed)

Even better granularity, improved calorimeter,
and fast timing

LHCb Physics with Upgrade Il
arXiv:1808.08865

. Run3: currently taking data with Upgrade |

detector
« Completely new software-only trigger
 No more required pT cut on the muon in LO
* Exploit this to improve purity for tau decays
* Improve analyses with electrons in final state
* Run4: maintenance and some upgrades (ECAL)
 Steady data taking
* Runb5-6: Upgrade Il detector
* Fully exploit the HL-LHC
* Very challenging: average of ~50 PVs

 Timing in sub-detectors is needed to fully exploit

M.Rotondo the higher luminosity



Projections on R(Hc) measuremert
-

Run 2 Run 3 Run 4 ] _ ) ) \
o F N Projections on other ongoing analyses in
EE 12| MROY. T b LHCD. If the anomaly persists, it is
= WL R(ErS. e = S crucial cross check with other decay
- modes
°C Run Run 3 Run4 Run5 Run6
o 18 — R(D)
3 — £ HR
= 6\0 : ................. R(D**)
£ = 14 — R(DY)
— \ E
- . g 12} — R(A,)
' o C *
3 5 9 23 50 *5 10- S R(Aﬂzp
Luminosity fb* 2 8: - R(J/¥)
5 1 -
LIE A LOT OF YOU, T CA VAN DA KON RN
the bands rep_re_sent the HAVE A REAL PROBLEM S 4
degree O.I.' Optlmlsm un‘H PROJ-EC‘HONO 2: OptImIStI—C—-—\ NG R
(pessimism) in our ability to ) 05 LHCD unofficial  *======-==mmom
reduce systematics ¥ O 990 VWO 00N Yo 9
NSNS YOO OO H H O Y
A A A S IR A A
S arXiv:2101.08326/
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Beyond R(H¢): going differential

 Angular analyses with semitauonic (and semimuonic) Bs — Ds* pv
to probe spin structure of physics beyond SM

* Evenin case R(Hc) is SM-like, it will put strong
constraints on NP models

d4(BO — D*E-l'l/g 9 ——--
Ve i(00,0p+,
dg?dcos?0,dcosdp-dx < |V Z 'f ¢:0D+5 %)

Hi sensitive to New Physic and Form Factors
Many observables can be derived by H;

" Recent literature (non-exhaustive list): 05 (5099 1 013010 h
D.Hill et al. JHEP 11 (2019) 133 Z. Huang et al. PRD 105 (2022) 1,

V. Dedu, A.Poluektov JHEP 07 (2023) 063 B. Bhattacharya et al. JHEP 07 (2020) 07, 194

B. Bhattacharya et al. JHEP 05 (2019) 191 M- Ivanovetal. PRD 95 (20127)13, 013160237
C.Bobeth et al. EPJ.C 81 (2021) 11, 984 - Becirevic etal. NPB 946 (2019) 1147

L M. Fedele et al. ArXiv:2305.15457 O. Colangelo, F.DeFazio, JHEP 06 (2018) 082 }
10




Differential measurements: B—D*tv

0.07 F LHCDb Physics with Upgrade Il

0.06 |- LHCb Simulation || M arXiv:1808.08865

B momentum determined with

Arbitrary units
o
o
(§)]

0.04 — boost-approximation

0.03F T(—> p,w/) The broad resolutions for 1 — y demand very large
0.02| samples to extract the underlying physics

0.01F

] 0.25 0.301

3 2 4 0 1 2 3

mm | 23]
6, resolution (rad) o

0.20

Z0.15 ey

Analyses using 3-prong hadronic t decays, S .10 =
. 0.101
compared with 1 — - .

D. Hill et al.

10 —05 00 0.5 1.0 -

- better angular resolutions JHEP11(2019)133

. . . 0.0 0.5 1.0
cos(fp) cos(fL)

- lower statistics but better S/N 0.4 :

0.20
\_ 0.3
0.15
. . - %o
LHCb D* longitudinal polarization 010 z"
measurement in 2 g2 bin .
__2__

M.Rotondo CKM- N bad ‘ BDT

Data
Em B° - D'rv
B — D*1v
s B— D*D,(X)
EEE B - D*D*(X)
B — D*3w(X)
W B D*D(X)

Density




Differential measurements: B

* Good resolution of angular variables

* Assuming single massless neutrino

* Publication of unfolded g? spectra

e dlM (Ao — A pv)/dg? PRDO6 (2017) 112005
e dI(Bs — Ds*pv)/dg? JHEP 12 (2020) 144

~ 35 .
§§
s 3F
Sk
S 25K

0.5 ————"i

(/NG

data
|:| Fit with BGL parametrisation

:| Fit with CLN parametrisation

1.6/fb -

1 1.1

Update to a full angular analysis is ongoing

1.2 1.3

provide info on the unfolded spectrum

M.Rotondo

Weighted candidates / (0.2 )

12 5] L =)} ]

3
25F
2

Arbitrary Units

E LHCb Simulation

;‘Boost approx

Illlllllllllllllllllllllllllllll

data

B — D:'u*vﬂ
B = D, T'v,
H, — D, X,
combinatorial
B — D'y,

Weighted candidates / (0.2 ©)
S = N W h 00O

Weighted candidates / (0.2 )

Lou |
Y
o
e
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x10°
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Unitarity Triangle sides: [Vub|/|Veb|

PRL 126 (2021) 081804

Nature Physms 11 (2015) 743

~ 18000 r
R ’ 0 —ut 2 2 0 -+ 2 >
L b mmcommn LHCb B > Kp'y, g <7GeV B > K p'y, ¢’>7Gev
15000 — (6\1600 - et & A T
o - EEDpuv . § F + Daa §>2500 : LHCb
E . AT 1 < 1400 fF—t+— Total > - T 7
< 12000 n -A v '1:::." . 2 1200 _ B? = K_H+Vu 2 2000 |- 4 2 fb -
@ C Nuv u— e h %1000:_—H—>H(—>KX)HX g - E
o 9000F WLV 2% | JIOOP— B Ky, <1500 i =
o N 'I' § 800_7 B—> ct(— uu) KX ﬁ
- 5 = MisID = - =
:‘é’ 6000 - W = 600 F " I 51000 : :
= . £ 400 = - .
= - ¢ S S00F 6. 4k -
S 3000 200 3 : . :
2 0 3000 2000 5000 ' 0 3000 2000 5000
?000 4000 5000 Mg, [MeV/e?] Mo, [MeV/c?]

Corrected py mass [MeV/c?]
B(Ay — puv) Vuws|?  FF,

Rem —
BE = BNy = Aopv)  [Vap|2 ~ FFn.

S. Meinel at el. PRD 92 (2015) 3, 034503

* Update of Av — p and Ac is ongoing: finite
volume systematic will meet FLAG quality
criteria

S. Meinel arXiv:2309.01821

B(Bb — K/J,I/) - |Vub|2 % FFy
B(BS — DS/M/) |‘/cb|2 FFDS

Rpr =

HPQCD Phys.Rev.D 90 (2014) 054506
FNAL/MILC  Phys.Rev.D 100 (2019) 3, 034501
RBC/UKQCD Phys.Rev.D 107 (2023) 11, 114512
A.Khodjamirian, A.Rusov JHEP 08 (2017) 112

Golden mode for Lattice
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https://doi.org/10.1103/PhysRevLett.126.081804
https://doi.org/10.1038/nphys3415

Prospects on Bs —» K pn v

Rpr(low) = (1.66 =+ 0.08 (stat) + 0.07 (syst) = 0.05 (D,)) x 1073, 4 Analysis on the full Run2 dataset is A
Rpr(high) = (3.25 4 0.21 (stat) " /15 (syst) £ 0.09 (D,)) x 1073, ongoing
Rgp(all) = (4.89 £ 0.21 (stat) " o5 (syst) £ 0.14 (D,)) x 1072,

\- Expected signal yields:

Uncertainty z?((gs:gi?) %] * Low q22:.39 900 signal events

) Ay * High g°: 36’000 signal events

No q" sel. low g~ high g \_ )

Tracking 2.0 2.0 2.0 _
Trigger 1.4 1.2 1.6 Largest systematics
Particle ID 1.0 1.0 1.0 * MC statistics: requires Igrger MC samples
Mgy €FFOr 05 05 05 * BF(Ds — K K 11): reducible (planned in BESIII)

* Tracking: dominated by 2 additional tracks in

Isolation 0.2 0.2 0.2 L
the normalization channel

Charged BDT 0.6 0.6 0.6
Neutral BDT 1.1 1.1 1.1
q2 migration 2.0 2.0
€ gen& reco 1.2 1.6 1.6 The high statistics allows to
Fit template 2 IS T perform analysis in more g2 bins
Total T4.0 43 T5.0

ota —4.3 —4.5 —5.3
B(D; > K K 'r") 2.8 2.8 2.8

M.Rotondo CKM23 14



Differential distribution

* Measuring partial rate in more g° bins With Run2 it should be possible to have 6-8 g?

«  Constrain the shape of the Form Factor f(q2) °INS: Studies are ongoing

« Large uncertainties due to the (differential shape of Ap — p uv would allow to
extrapolation to the full g2 validate the FF shape predictions)
qr: LA L I AL L B R L LR L ] 4 A
L o7 — i = b It will be possible to perform global fits
—%0_6 Bs > Klv 3 similar to what is done in HFLAV for B —1T pv
Ci"go.s: —f & T~ T 1 T T T L L
E 045 _E E 10_— IV, |=[3.67 + 0.09 (exp)  0.12 (theo) ] x 10° + Average Belle + BaBar ]
=k : N et & Coob rirey  Losn ]
i E g == .
02f = > e = -
N T ou R
o RE120(2091) 081807 2 g [ B—omlnu :
0 > 10 ' GV et Zl HFLAV .
9 [GeV/e] E HFLAV, PRD107, 052008 -
- C. Bolognani et al. arXiv:2308.04347 o Y RPN B Y
Globalits  »" Biswaset a. ArXiv:2212.02528 T
G. Martinelli et a. arXiv:2202.10285 _ p

M.Rotondo CKM23 15


https://doi.org/10.1103/PhysRevLett.126.081804

B-hadron production fractions witr

_PRD100 (2019) 031102(R)

@ 04T —— —
S o035k LHCb 3 =
5} - A 3 x
<] -t T, = ] ~
R S 's=13 TeV E e
025 - |+
e‘\:.*.
=g 02
3]
QQ%OIS
0.1F
0.05F
ST 0 15 20,
p(H}) [GeV]
* With inclusive semileptonic decays, measuring .

e Bs— Xcuv/B — (D+D*) X pv
* No— Xcuv/B — (D%+D*) X pv
* Rely on equality of SL decay widths I Bigi et al

PRD1 OO (201 9) 112006

OpT1— — —
9 (b) LHCb 13 TeV =
8 ~+Data =
7 —Fit R
6 Average B
5 3
4
3
2
1
0 % — 1I0 — 1I5 — — 25

P (Hb) [GeV]
Using exclusive Bc — J/V uv
e Bc—J/Wpv/B — (D%+D*) X pv

 Uses calculations of Form Factors to
determine BF(Bc — J/¥W pv)

JHEP 09 (2011) 012

FSL (BS) - (1 N 0'018(8)) ' FSL(Bd) Gambino, Bordone
Tgr(Ap) = (14 0.041(16)) - Tg(Bg) ArXiv:2203.13107

M.Rotondo CKM23

Production fraction of ="y =% Qp... ?

Requires: Form Factors, knowledge
of absolute BFs of charm baryons



Opportunities with baryons

* Already measured [Vu/Veo|, R(Ac), (Ao — Ac pv)/dg?
* Expected 7.5M signal Av — A¢ pv (Ac — pKi1T) in Run1+Run2

eV)

= 7000
6000
5000
4000
3000
2000

2

(

Candidates/

M.Rotondo CKM23

Ongoing:

1. Measurement of double differential rate as a function of g and
cos(Biep), expect good sensitivity to Right Handed currents

2. Measurement of |V| exploiting equality of partial I's.

3. Decays into excited states:

8000

Candidates/ (8 MeV)

— _
[t LHCb ]

\
|
1
|
{
\
L

- .

e |
2600 2620 2640
mpK 7 ) m(pK ) (A7) [MeV]

T

l
|

l

|
4
|

—

(]

Phys. Rev. D 96, 112005 (2017) Run1

2500 (b)

— p— (=)
S wn S
S = S
= = =
T T T

5001

-
2700

2800 2900
mpK T T mpK ) +m (A7) [MeV]

M. Ferrillo et al.
JHEP 12 (2019) 148

JP | Width
Ac(2595)F| 1/2- | 2.6 MeV
A.(2625)7| 3/2- | <1 MeV

-

A

Plenty of signal

Possibility to measure FFs and
branching fractions
- crucial to bkg. constraint to R(/\¢)

.



Study of Bs — Ds™* v

Ds1(2536)-— D*K* PRD100 2019, 031102
12000 25 ek LLHCb
* Clean samples of Bs — Ds1(2536)uv 10000 13617—6;,\;_1
and Bs — D52(2537)|JV -
Ds2(2573)-— D*°K*

6000
4000
2000

. : e 14.3K
> Various ongoing analyses on Bs — Ds™ v

- FFs, relative BFs, R(Ds**)

Non resonant (DK)
38.1K

Candidates / (5 MeV )
o0
S
S
S

IIIIIIIIIIIIIIIIIIIIIIIIIII
IIIIIIIIIIIIIIIIIIIIIIIIIII

[ — |

0=5500 3000 3500 4000
m(D°K*) [MeV]
* Spectrum of excited L=1 Ds** states different with corresponding D** states A
e D<** are all narrow: 1.New path to understand puzzles in B—D**uv
2.SL decays into Dso(2317) and Ds1(2460) can shed light on the
nature of these states )
\

> Precise measurements of exclusive Bs — Hcs**pv decays allows determination of hadronic
moments of Xcs in inclusive Bs — Xcs**uv using a_Sum-of-Exclusive Modes

> Access to OPE parameters for Bs decays: improve predictions of Bs SL and total widths

- Similar approach done by CDF and DELPHI for B mesons Inclusive Bs
@ Barolo SLWS

M.Rotondo CKM23 18



https://indico.cern.ch/event/851900/contributions/4793315/

What else?

* Many other SL decays can be accessed with increasing statistics

e B — pp 1v: promising LFU test in b—u transition in LHCb
- Expected 10K events at the end of Phase Il (300 fb")
— but theory is not developed yet
« B — KKuv(1): to constrain part of ss-popping in inclusive B — Xuuv
|. Bigi arXiv:1507.01842
* B — pvy,viaB — pvy* (y* — ete-)

- Gives information to leading moment of B-meson dispersion
amplitude A. Bharucha et al. arXiv:2102.03193

- LHCDb very stringent UL on B — pvup with m(u+u-) < 980 MeV

EPJC 79 (2019) 675
-  Will cross check Belle [l measurement

* Study more deply SL B¢ decays
Colandego et al.

- Measurement of [Vuw|/|Veb|, for factors, BFs, cc spectroscopy studies prp 105 (2022) 9,
094005

M.Rotondo CKM23 19



What else?

. Many other SL decays can be accessed with
increasing statistics

« B — pp 1v: promising LFU test in b—u transition in LHCb
« Expected 10K events at the end of Phase Il (300 fb)

* but theory is not developed yet (ever be?)
* B — pvy,viaB — pvy* (y* — e'e)
* Gives precious information on B meson DA

S.Kurten et al. PRD 107 (2023) 5, 053006  LHCb very stringent UL on
M.Beneke et al. EPJC 81 (2021) 7, 638 B — pvpu with m(u*p’) < 980 MeV
C.Wang et al. JHEP 02 (2022) 141

A.Bharucha et al. arXiv:2102.03193

M.Ivanov, D, Melikhov PRD 105 (2022) 1, 014028, PRD 106 (2022) 11, 119901 /

« B — KKuv(m): to constrain part of ss contribution in
inclusive B — Xuuv

Semileptonic Bc decays: insight on cc spectroscopy
Colangelo et al. PRD 106 (2022) 9, 094005
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https://doi.org/10.1007/JHEP03(2020)146
https://doi.org/10.1007/JHEP03(2020)146

Conclusions

* Many ongoing analysis on full dataset
* Major focus: R(Hc) and full angular analysis of many different channels

» Statistics and detector performances foreseen in Run3-Run4 with Upgrade | is
very promising
* huge statistics, higher signal efficiency, interesting opportunities with electrons

* Often systematics are limited by external inputs

— Crucial inputs from other experiments (BES llI, Belle, Belle Il)
— Crucial a close collaboration with theorists (both Continuum and Lattice)

* The motivation for a Upgrade Il for SL decays is strong
* Very high precision on measurement of differential shapes for many b-hadrons
» Significant contribution to ultimate precision on |Vu|, |Veb|

* Unique program to study semitauonic decays

M.Rotondo CKM23 21






... LQCD for N\v semileptonic deca

<
[ FLAG21 $ 5
N S
$ & & >
S v %)
> & ¥ S &
* A O ~ ha
@ O Q @ S o
S & &£ & & ¢
y & F T FF
5 5 o & K
§§ 55 eé
Process Collaboration Ref. Ny g & ¥ g &<
< Ay, — A%(2625) 0", Meinel 21 [638] 2+1 A ]
Ay — A%(2595) ¢ D,  Meinel 21 [638] 2+1 A ]
Ay — A*(1520) £T¢~  Meinel 20 [648] 2+1 A u
Ao — ALHE™ Detmold 16 [643] 2+1 A u
Ay — pl g Detmold 15 [516] 2+1 A [l
Ay > Al Detmold 15, Datta 17 [516, 637] 2+1 A |
Update of Av — p and A is ongoing: finite volume systematic will meet
\ FLAG quality criteria!
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https://inspirehep.net/literature/1971260
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Spectroscopy of (cd) and (cs

Spectrum of excited Ds** states different with corresponding D** states

Courtesy of S. Klaver

— 2.8 — 3.4
L L=0 L=1 L=1 RS L=0 L=1 L=1 L=2
> > 3.2
S 26l s=112 Jji=1/2 ji=3/2 & Js=1/2 : js=1/2 | js=3/2 | js=5/2
o . ‘3.0 Ds,(.3040)
© D, D, D2 8 ® ®
e >4 E 2.8 DZ,(2860) DZ;(2860
D* Y ‘o
0 > 64 D;,(2700) DZ,(2573)
— ;.(_25;6.)_ D*K
2.2 > 4 D (2460) DK
D™ 5 > N 053(2317)
2.0 A - _D.s_
D 2.0 - _D.s_ —— theory
o measurement
T 1- 0* 1+ 1+ 2+ 1.8 o- 1- o+ 1+ 1+ 2+ 3 %
J? JP
JP Mass (MeV) Width (MeV) Observed decays JP Mass (MeV) Width (MeV) Observed decays
D; 0T 2352450  261+50 Dr ¥, 07 2317.840.6 < 3.8 DI 7°
Di 1T 2427436 3847158 D*n 'L 1T 24505406 <35 D! Dfy,Dfntn-
D 1% 24213406 27.1+27 D*7,D'7tn~ Dg 11 2535284020 <25 D**K°, DK™
D; 2 24626407 49.0+1.4 D*r, D D%, 27 2572.6+0.9 20 £ 5 DK™
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Similar effect for Bs — Ds*

Comparison with LHCb data

/" HPQCD 21

3.5
E== HPQCD
& HPQCD, binned
20 —— LHCb
IS
£
225
qu
7
S
= 2.0
=
=
L
I E]
3F15
g
=
1.0
057775 11 12 13 14

FIG. 13. The differential rate dI'/dw for B — DX u*v,
as a function of the recoil w = vp, - UD: and normalised by
the total decay rate calculated from our form factors is given
by the purple band. We also show our rate integrated across
bins and measurements by LHCb [].

M.Rotondo

HPQCD 23

4.0 B, — Diun,
B, - DiTo,
3.5 B, — D:uw,, Binned
+ LHCb B, - Diuw,
3.0
2.5 |
IS
SI=2.0
1.5
1.0
0.5
0-015 1 12 13 T4

FIG. 10. Our normalised differential decay rate for B, —
D} ¢v with respect to w is shown as the blue band. We also
include binned data from LHCb ["]. Here, as for B — D*,
we see a similar difference in shape between SM theory and
experiment to that seen for Belle B — D™ data in Fig. 9. The
semitauonic mode is plotted as the green band.
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https://inspirehep.net/literature/1864871
https://inspirehep.net/literature/2649580

M. Jung

| Central lesson:
Experiment and theory (lattice + pheno) need to
work closely together!

M.Rotondo
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Projections on R(Hc) measurement

- 9fb1 (Run 1-2)
- 23 fb1 (Run 1-3)
- 50 fb1 (Run 1-4)
- 300 fb! (Run 1-5)

Absolute ag(x)

Physics case for an LHCb Upgrade Il
arXiv:1808.08865

o
 —

0.01‘E

X

v

M LHCb

X=D"17 = pu v,
X=D"1 > ntn v,

X =J/p, 77 = p o,

0.001

3 9 23 50 300
Integrated Luminosity [fb™]
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Projections on R(Hc) measuremer

e ™ i
Projections on other ongoing Physics case for an LHCb Upgrade Il
analyses in LHCb arXiv:1808.08865
If the anomaly persists, crucial
cross check with other decay
modes E{ v LHCH
S
P 0.1 i ,
o = M
R @)
0 X
¢ 0.01{ 4 X=4 X . 5
z 1l o X=D .
‘g x X=D"7T" — pu v,
T optmit : m 1 o X=D"Y7 —>nrntn v .
t Optimistic s 4 | , -
. LHCb unofficial v X — J/?wb: T = O,
0.001 ' - - 1
3 9 23 50 300
Integrated Luminosity [fb™]
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Run3 and beyond: b-hadron samp

Updated from Bernlochner, MFS, Robinson, Wormser, RMP, 94, 015003 (2022)

Experiment BABAR Belle Belle 11 LHCh

Run 1 Run 2 |Runs 3-4||Runs 5-6
Completion date 2008 2010 2035 2012 2018 2032 2043
Center-of-mass energy 10.58 GeV 10.58/10.87 GeV 10.58/10.87 GeV 7/8 TeV 13 TeV | 14 TeV || 14 TeV
bb cross section [nb] 1.05 1.05/0.34 1.05/0.34 (3.0/3.4)x10° 5.6 x 10° |6.0 x 10° ||6.0 x 10°
Integrated luminosity [fb™!] 424 711/121 (50/4) x 103 3 6 40 300
B mesons [107] 0.47 0.77 50 100 350 2,500 19,000
B* mesons [10°] 0.47 0.77 50 100 350 2,500 19,000
B, mesons [10°] - 0.01 0.5 24 84 610 4,600
Ay baryons [10°] - - - 51 180 1,300 9,800
B. mesons [10°] - - - 0.8 4.4 19 150

Upgrade I Upgrade I1

~ Upgrade | and |l datasets orders
of magnitude larger

From M.F.Sevilla talk at SM@LHC workshop

New era of unprecedented

precision starting at LHCb

M.Rotondo CKM23
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B—Dtv and |Ve|

* Inthe SM the amplitude for B—D{v depends only from the
Vector interaction term

(Dlev bl By = f+ () (<pB o), — P2 *qi’D) ' qq,u)

+pp) -
T folg?) e fD) Ta.
q B,

. 2 2,2
For light leptons dr’ GE|Ver|*ew 3 919 . 9 .
_ = k sin® 0
C=e,u dg?d cos 6, 3273 F(g7)] ¢ + £ P
> B w <
* |Ve| via measurement of differential decay width shape yp."'
+ Knowledge of BF(B—D?v) from external inputs

+ Points or parameters for form factor normalization using Lattice QCD : \

 Form factors parameterization:

« BGL: less model assumptions Boyd, Grinstein, Lebed, Nucl.Phys.B462,493(1996)
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 CLN: model dependent, unaccounted uncertainties
[Caprini, Lellouch, Neubert Nucl. Phys. 8530,153(1998ﬂ
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