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[Scholarpedia, arXiv:1606.00999] [All plots]

PULLS OF FLAVOUR ANOMALIES
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Extrapolation to LHCb Upgrades 1/11

Ry, Rk : LHCb [arXiv:2103.11769]
[JHEP 08 (2017) 055] vs [Bordone, Isidori, Pattori
EPJC 76 (2016) 440].

Ry LHCb [JHEP 05 (2020) 040].

P_,: my average of LHCb [PRL 125 (2020) 011802],
CMS [PLB 781 (2018) 517], ATLAS [JHEP 10 (2018)
047 vs [Bharucha, Straub, Zwicky, JHEP 08 (2016)
098].

BY — ¢ut ™ [JHEP 09 (2015) 179] vs FLAVIO
[Straub, arXiv:1810.08132].

B— ™ Combination [Altmannshofer, Stangl] of
LHCb [LHCb-PAPER-2021-007], CMS [JHEP 04
(2020) 188], ATLAS [JHEP 04 (2019) 098] vs [Beneke,
Bobeth, Szafron, JHEP 10 (2019) 232].

Muon g — 2 [Muon g — 2, PRL 126 (2021) 141801] vs
[Aoyama et al., Phys. Rept. 887 (2020) 1].

R(D™)) [HFlav, arXiv:1909.12524].
B(BT — 7u) [UTFit].

Amy [arXiv:2104.04421] and [PDG] vs [Di Luzio, Kirk,
Lenz, Rauh, JHEP 12 (2019) 009].
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LHCb UPGRADE

£ =2-103 cm2s! requires some new detectors and 40 MHz read-out clock
new electronics
VELO: New pixel vertex detector

TRACKERS: New scintillating fibre tracker.
The upstream tracker is also replaced

PID: Hybrid photodetectors
replaced by multi-anode PMTs

= 50 fb~! by Run 4.

v We are preparing an-—
other upgrade for Run 5
=» 300 fb!

gJ/ipgrade TDR] [Velo] [PID] [Sci-Fi] [Trigger] [Phase-Il Eol]
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[LHCb U2 Physics case, arXiv:1808.08865]

LHCb PHASE-II UPGRADE

The plan is to record
300fb~! by the end of

current LHCb —— Upgrade | ——» Upgrade Il—»

% 20_: : : :300—:;
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[LHC web]

LHC SCHEDULE (SEP 2020)
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[LHCb, LHCb-PAPER-2021-007, in preparation] [LHCb, LHCb-PAPER-2021-008, in preparation]

LEGACY MEASUREMENT OF BY— putp~
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Decay time [ps]
With 2011-2018 LHCb data (9fb™1):
B(BY— ptp~) = (3.09 1545 £813) x 107°
BB ptu™)=(127384+0.1)x 10710

Effective lifetime:
eff =2.07£0.29 +0.03 ps

TBO—> prp=
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https://cds.cern.ch/search?ln=en&as=1&m1=p&f1=reportnumber&p1=LHCb-PAPER-2021-007
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[LHCb, arXiv:2103.06810, Submitted to PRD]

fs/fy COMBINATION

@ Combine data from 5:0‘:; 17
° B(s)—> D( )7T+ at 7, 8, 13 TeV [epJc 81 (2021) 314], 0:25 |
o B~ D 7" and B®— DK™ at ok ||
7 TeV [HEP 04 (2013) 001], 022
o b— cu~ 7 at 7TeV [pro 85 (2012) 032008] and 13 TeV %755 i1 = 1

Proton proton collision energy [TeV]
[PRD 100 (2019) 031102(R)],

o BY— Jipp and BT — JpK+ a 7,8, 13TeV

[PRL 124 (2020) 122002]

to get fs/fy versus pp :
f./fs4(pr,7 TeV) = (0.263 & 0.008) + [(—17.6 £2.1) x 107*] - pr
fy/f4(pr,8 TeV) = (0.244 £ 0.008) + [(—10.3 £2.7) x 107%] - pr
f./f4(pr,13 TeV) = (0.240 +0.008) + [(— 3.442.3) x 107%] - pr

With PDG-style error scaling, uncertainties on pr slopes would increase by 25%
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BR(BY-+p ¥~ )[x10710]

iPi2i

[Hurth, Mahmoudi, Martinez Santos, Neshatpour, arXiv:2104.10058]

B— putp~ AFTER MORIOND 2021

The SM point is
near the 20 band

0 1 2 3 4

Nazila Mahmoudi

BR(BY »p*u~)[%107%]
ATLAS [JHEP 04 (2019) 098], CMS [JHEP 04 (2020) 188], LHCb [LHCb-PAPER-2021-007]
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[LHCb U2 Physics case, arXiv:1808.08865]

LHCb PHASE-IT UPGRADE : B— u*pu~

B(B2— 1t pu~) has now 15% precision. Will get to 1.8% with 300 fb~!

([LHCb U2 Physics case, arXiv:1808.08865] Value). [ get
The systematics are now 5%, dominated by f;/fy. Hard to predict how
this will evolve.

B(B®— utu~) The statistical precision will be 10% with 300 fb~1.

B(B®— ptp~)/B(B°— pt ™) suffers from the same £ /fy limitation, but
is still statistics-dominated.

Nik[hef

Patrick Koppenburg Extrapolation to LHCb Upgrades 1/11 21/04/2021 — Beyond Flavour Anomalies [10 / 33]


http://arxiv.org/abs/1808.08865
http://arxiv.org/abs/1808.08865

- Patrick Koppenburg

:
£

des 1/11

21/04/2021 — Beyond Flavour Anomalies [11 / 33]



[LHCb, PRL 113 (2014) 151601, arXiv:1406.6482]

Rk STRATEGY

q%axd 2d|'(B—>K;ﬁ;F)

el _
2f aq dq N(B— Kt ut ™)
R _ Ahin measure Etot(B+_>K+M+M_)
K= T TN(B*—Ktete)
f dq2 dF(B—)Ke*'e ) €tot(B+—)K+e+e_)
 F
qzmin
erot(BY = Jfp(utp)KT) N(B* =K ptpu~)
measure Etot(B+—>K+u+/L—) N(B+—)J/¢(/J,+[L_)K+)
- erot (BT J/p(ete )KT) % N(Bt—K+tete™)
’ ot (BToKTete ) N(B*— Jjj(ete )KT)
x10°
- . . = %
Efficiencies s =
g g
mostly cancel = 1 =
LU in J/2) decays: 5 ) ) t§
1.0016 =+ 0.0031 [PDG], 075000 5200 54005600 5000 5200

- 5400 5600
mostly [BESIII] m(K*e'e) [MeV/c? m(K*e'e) [MeV/c?]
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[Scholarpedia, arXiv:1606.00999]

Rk AND Rk~ =% ruch
<OOF FYacy
BELLE ¢
L4+ L4+
1.2+ 1.2+
Q;f 10 =10
b3
0.8 L 0.8
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LHCb [JHEP 08 (2017) 055] [arXiv:2103.11769]. Belle [arXiv:1904.02440] [JHEP 03 (2021) 105]. BaBar [PRD 86

(2012) 032012].

Captain obvious says: the smaller the uncertainties
the more precise the data point
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[Hurth, Mahmoudi, Martinez Santos, Neshatpour, arXiv:2104.10058]

b— s{T¢~ GLOBAL FIT

Theoretical uncertainties and correlations:

@ Monte Carlo analysis Variation of the "standard” input parameters:
masses, scales, CKM, ...
Decay constants taken from the latest lattice results
Form factors from the lattice+LCSR combinations, including
correlations
@ Parameterisation of uncertainties from power corrections
o Computation of a (theory + exp) correlation matrix
Observables: All b — s data from LHC and B factories (173 observ-
ables)

Using Superlso public program

iP ,'2.
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[Hurth, Mahmoudi, Martinez Santos, Neshatpour, arXiv:2104.10058]

b—s s¢T¢~ GLOBAL FIT : RESULTS

Only Rye(ay, Bo,g = ptp~ All observables except Ry («), Bs.a — ptp~ All observables
2021 data (x2y = 28.19) 2021 data (x&y = 200.1) 2021 data (x3y = 225.8)

b.f. value | )(fnin | Pullgym b.f. value )(?mn Pullgym 5Co 0991013 | 1862 | 6.30
ol st i | omso | an | s
(SCZ‘ 0774021 | 119 | 400 50t | —1.0340.13 | 1560 | 6.60 Cy | ~095£012 | 1686 | 7.60
5Cyo | 043+024 | 246 | 1.90 6Cro | 0344023 [ 197.7 | 150 8Co 032+£0.18 | 2223 | 1.90
5Cs, | —078+020 | 95| 430 605, | —0.50+£0.50 | 199.0 | 1.00 0Cfo | —0.74£0.18 | 206.3 | 4.40
oCt | 0644015 | 73| 460 6Ct | 0414023 | 1965 | 1.90 5Chy 0.55+0.13 | 205.2 | 4.50
5Ce | 04r+o011 | 103 | 420 5Ce, | 033+029 [ 1989 | Llo 6Cf, | 0.4040.10 | 206.9 | 4.30
sCt | —0.38+0.09 | 71| 460 6Cl, | —0.75+0.13 | 167.9 | 5.70 5C¥, | —0.49+0.08 | 180.5 | 6.70

d

Clean observables

iPi2i

&

J

Dependent on the assumptions on the
nonfactorizable power corrections
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Red (blue) solid line:

exp
central value of Ry

Coloured regions: 1lo
range (th+exp) with
the experimental cen-
tral value

Yellow diamond : best
fit point of (Cf', Cjy) of

Green cross: best fit
point of (Cf,Cly) of
the fit to Ry and
BY— ptp~

ip{2i
R Nazila Mahmoudi

ack

[Hurth, Mahmoudi, Martinez Santos, Neshatpour, arXiv:2104.10058]

b— s{t¢~ GLOBAL FIT : Ry AND BY— ptpu~

Extrapolation to LHCb Upgrades 1/11
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[Belle, JHEP 03 (2021) 105] [LHCb, PRL 122 (2019) 191801, arXiv:1903.09252]

BELLE VERSUS LHCb: Bt — Ktutu~

S3\45 &\J 300
3 EP 3 —+ Datad fb*
§ 50 2 5 S 250 — Total fit
g s SN T U B Ko
%40 H Zg ﬁ 200 Combinatorial
g% i 59 & 150
& 20F, 15 2
10§ S 100
5-- .y 3 T o 50
g.Z 5.215.225.235.245.255.265.275.2852.29 90,1 -0.05 0 0.05 0.1 0.15 0.2 025 f s WA . "
M, (Gevic') AE (GeV) 05200 5300 5400 5500 5600
m(K*utu) [Mevie?]
v/ Two handles: B mass and B en- v/ Two handles: B mass and point-
ergy in T'(4S) frame (AE) ing to PV
137 signal decays with 711fb~! 1900 signal decays with 4fb~! at
13 TeV

Muons conversion factor: 2.5ab™! «+ 1fb~!
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[Belle, JHEP 03 (2021) 105] [LHCb, PRL 122 (2019) 191801, arXiv:1903.09252]

BELLE VERSUS LHCb: B™— KteTe™

LHCb %

—+— Data4 fb-
— Totd fit
...... B*‘i K*e*e’
BB - JyEee)K*
B Part. Reco.
Combinatorial

Candidates/ (24 MeV/c?)

g.z 5.215.225.235.245.255.265.27 5.28 5.
M, (GeV/c?)

v/ Electron channels are as “easy”
as muonic

138 signal decays with 711fb~!

0 L
9 -0.1-005 0 0.5 0.1 0.15 02 025

AE (GeV)

m(K*ete”) [MeV/c?]

X Bremsstrahlung makes electrons
much more difficult

800 signal decays with 4fb™! at
13 TeV

Electrons conversion factor: 1ab™! « 1fb~!
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[Scholarpedia, arXiv:1606.00999]

PROJECTIONS FOR Ry IN 1(.1) < ¢> < 6 GEV?/c?

& 1 JHEP 03 (2021) 105 RK from Belle (II>
S 1 —e— Ry from LHCb
=
o
> 1071 PRL 113 (2014) 151601
JS -
8 E PRL 122 (2019) 191801
g
= |
S |
<
- i
=
RS
= 10724

T T T T T T
2010 2015 2020 2025 2030 2035
End of year of data taking
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[Scholarpedia, arXiv:1606.00999]

PROJECTIONS FOR Rx+ IN 1.1 < ¢? < 6 GEV?/c*

1 1904.02440

1 —s— Ry from Belle (IT)
1 —e— Ry from LHCb

JHEP 05 (2017) 055

Total Uncertainty on Ry

—
S
V)

T T T T T T
2010 2015 2020 2025 2030 2035
End of year of data taking
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[Hurth, Mahmoudi, Martinez Santos, Neshatpour, arXiv:2104.10058]

b—s s¢T¢{~ GLOBAL FIT : PROJECTIONS

Using Ry and B — u*u~ only

Pullgy with Rg and R} [ + BR(Bs — u )] prospects
LHCb lum. 18 fb~! 50 fb~1 300 fb~!
s 6.50 [6.50] 14.70 [14.70] | 21.90 [21.90]
sor 6.20 [7.10] 16.10 [16.60] | 24.60 [25.10]
8Ct 720 [7.50] 17.50 [17.70] 26.50 [26.60]
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[Hurth, Mahmoudi, Martinez Santos, Neshatpour, arXiv:2104.10058]

b—s s¢T¢{~ GLOBAL FIT : PROJECTIONS

Using Ry and B — u*u~ only

0.4

. 68% CL
. 95% CL

0.2

=
%5 5
AT 3
> 2
g 2
B ss%ct
-0.4
W osct
-0.6

-04 -02 00 02 04
SM
Jeynie;

Current data
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[Hurth, Mahmoudi, Martinez Santos, Neshatpour, arXiv:2104.10058]

b—s s¢T¢{~ GLOBAL FIT : PROJECTIONS

Using Ry and B — u*u~ only

T
0.4 ‘ %
04 : .68/ CL
0.2 : .95% CL
Z § ‘
SEFYIEE> B
g -0.2 2

B ss%ct
W osct
-04 -0.2 0.0 0.2 0.4
SM
060Gy /G

Projection for 18fb~!
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[Hurth, Mahmoudi, Martinez Santos, Neshatpour, arXiv:2104.10058]

b—s s¢T¢{~ GLOBAL FIT : PROJECTIONS

Using Ry and B — u*u~ only

. 68% CL
. 95% CL

. 68% CL

W osct -0.4

-04 -0.2 0.0 0.2 0.4 -0.4
8Co ,/CM

Projection for 50fb~!
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[Hurth, Mahmoudi, Martinez Santos, Neshatpour, arXiv:2104.10058]

b—s s¢T¢{~ GLOBAL FIT : PROJECTIONS

Using Ry and B — u*u~ only

0.4

e
. 95% CL

0.2

8Cio,/C

B ss%ct
-0.4
W osct
-04 -0.2 0.0 0.2 0.4
SM
060Gy /G

Projection for 300 fb*
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[Hurth, Mahmoudi, Martinez Santos, Neshatpour, arXiv:2104.10058]

b— s{*¢~ GLOBAL FIT : e/{ PREDICTIONS

Predictions assuming 50 fb~! luminosity

Obs. ch cs chy (&) clL Csp

REI‘/I’M] [0.922,0.932] [0.941,0.944] [0.995,0.998] | [0.996,0.997] | [0.961,0.964] | [1.006,1.010]
RL}';I;S'O] [4.791,5.520] | [—0.416,—0.358] | [0.938,0.939] | [0.963,0.970] | [2.822,3.089] | [0.279,0.307]
R[Slﬂ‘l’m] [0.922,0.931] [0.914,0.922] [0.832,0.852] | [0.858,0.870] | [0.853,0.870] | [1.027,1.032]
Rg;,(s.o] [0.453,0.543] [0.723,0.742] [1.014,1.014] | [1.040,1.048] | [0.773,0.801] | [1.298,1.361]
Rgf’lg] [0.998, 0.999] [0.998,0.998] [0.998,0.998] | [0.998,0.998] | [0.998,0.998] | [0.998,0.998]
R[ji’;g] [0.929,0.944] [0.988,0.989] [1.009,1.010] | [1.036,1.042] | [0.996,0.996] | [1.023,1.028]
R[;:’lg] [0.998,0.998] [0.998,0.998] [0.999,0.999] | [0.999,0.999] | [0.999,0.999] | [0.998,0.998]
Rg:’m] [0.929,0.944] [0.988,0.989] [1.009,1.010] | [1.036,1.042] | [0.996,0.996] | [1.023,1.028]
R%’lg] [0.825,0.847] [0.815,0.835] [0.828,0.846] | [0.799,0.820] | [0.804,0.825] | [1.093,1.107]
R[l?’w] [0.823,0.847] [0.819,0.838] [0.854,0.870] | [0.825,0.844] | [0.820,0.839] | [1.098,1.113]
RE‘LG‘O] [0.862,0.879] [0.841,0.858] [0.824,0.843] | [0.795,0.816] | [0.819,0.839] | [1.070,1.080]
R([;5’19] [0.825,0.847] [0.815,0.835] [0.826,0.845] | [0.797,0.819] | [0.803,0.824] | [1.093,1.107]
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[JHEP 08 (2017) 055] [PRL 122 (2019) 191801] [arXiv:1904.02440] [PRD 86 (2012) 032012]
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@ BaBar'l2 4 §LHCLT
06 W Belclo 06 W Belle19 0.6
o LHOL21 - " BaBar'l2
o T T T T o T T T T T T T o T T T T T T T
10 15 20 2 5 S0 12 5 2 5 LR I TS LR
7 [GeV?/ct) 7 [GeV?/ct ¢* [GeV?/cf]
— — 0 -
B— Kttt B— K*(*¢ B — ¢ttt
! ! ! & LHC19
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< & S
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http://arxiv.org/abs/1903.09252
http://arxiv.org/abs/1904.02440
http://arxiv.org/abs/1204.3933




[Scholarpedia, arXiv:1606.00999]

Our average
Belle’16
CMS’17 (B)
ATLAS'19 (BY)
LHCbH20 (BY)
LHCb20 (B*)

ASZB
DHMV
N
BEhes
I I

15 18

¢ [GeV?/c

LHCb [PRL 125 (2020) 011802] Belle [PRL 118 (2017) 111801] CMS [PLB 781 (2018) 517] ATLAS [JHEP 10 (2018) 047] LHCb
[arXiv:2012.13241]
Theory: [Bharucha, Straub, Zwicky, JHEP 08 (2016) 098] and [Descotes-Genon, Hofer, Matias, Virto, JHEP 12 (2014) 125].

Nik[hef
I Patrick Koppenburg Extrapolation to LHCb Upgrades 1/11 21/04/2021 — Beyond Flavour Anomalies [30 / 33]



http://arxiv.org/abs/1606.00999
http://arxiv.org/abs/2003.04831
http://arxiv.org/abs/1612.05014
http://arxiv.org/abs/1710.02846
http://arxiv.org/abs/1805.04000
http://arxiv.org/abs/2012.13241
http://arxiv.org/abs/Straub:2015ica
http://arxiv.org/abs/1407.8526

[LHCb U2 Physics case, arXiv:1808.08865]

LHCb PHASE-IT UPGRADE : B— K*utpu~

The problem of 1.00
B = Kt~ 075 - . SM
is the under- ' B scenario 11
standing of 0.50 - I scenario I
charm loops
025+
. 1:GP =-14, CF =
= 00oF I:CP = —0.7, O =107
-0.25
-0.50 -
-075F §
_ | | | | | | |
1.00 0 2 4 6 8 10 12
q* [GeV?]
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http://arxiv.org/abs/1808.08865

[Belle, PRD 90 112009 (2014), arXiv:1408.6457]

Z.(4200)" 1N B®— JppK 7"

1.2 GeV?/c* < MB(Km) < 2.05 GeV3/c*

PP P i PR

G PRRPIS DRTPIPRT SEVCET S a

i : 12 14 16 18 20 22
i T R T M2(Jy,m), GeV3ic*
115 2 25 3 35 4 45

M(K,x), GeV3/c*

0.5
K*0 veto region: Z.(4200)"

K*(890)° and K3 ,(1430)° well very prominent. Z(4430)~
visiblﬁe visible via interference.
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Observables

More than 173 observables relevant for leptonic and semileptonic decays:

e BR(B — Xsv) e BR(B = K°u" ™)

e BR(B — X47) e BR(B— Ktutu™)

o Ao(B — K*v) e BR(B — K*e'e™)

o BRO(B — Xou™ ™) o B = K*u*yu~: BR, Fi, Ars, Ss,
o BRMEN(B — X, p) Sa, Ss, S7, S8, So

R BR'°‘”(B = XeeteT) in 5 low cf and 2 high qzbins

o BR"&"(B - X.,ete™) o BY = K™y BR, Fi, Ars,

S3, Sa, S5, S7, S8, So

.
° BR(Bs = p"pu”) in 5 low g* and 2 high ¢? bins

o BR(Bs — ee™) e Bs — ¢utpT: BR, Fi, S3, Sa, S7
e BR(By — ™) in 3 low g% and 2 high ¢? bins

o Rk in the low ¢? bin o A, — At p™: BR, Akg, Alg, AL
o R+ in 2 low g2 bins Fiin 1 high ¢* bin
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All observables with Y2y, = 225.8
20D fit

XZin = 151.6;  Pullsy = 5.5(5.6)0

8C7 0Cs
0.05+0.03 —0.70 £ 0.40
5ct 5
—0.01 +£0.02 0.00 £ 0.80
e acy act, aCt,
—-1.16£0.17 | —6.70+1.20 0.20 +£0.21 degenerate w/ C15
Cy! 0CE sch 0CT5
Best fit values for the 20 operator ’
global fit to the b — s data, 0.09 +0.34 1.90 £ 1.50 —0.12£0.20 | degenerate w/ Cf,
assuming 10% error for the power " e " e
C C, C C,
corrections. B2 & Q2 Q2
The P”"sm in the parentheses 0.04 £0.10 —1.50 £ 1.50 —0.09 £0.10 —4.10+ 1.5
corresponds to considering 19 [~0.08 +0.11] | [~0.20  1.60] | [~0.11  0.10] [4.50 + 1.5]
effective d.o.f. instead of 20. o e om o
The numbers in the brackets refer & & Q2 Q2
to an alternative solution giving an | 0.15+0.10 -170+1.20 | —0.14£0.11 -4.20+1.2
equally good fit. [0.02+0.12] | [-0.30 £ 1.10] | [<0.16 £ 0.10] [4.40 +1.2]
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Predictions for different ./e observables

Predictions ass

ing 50 fb~" luminosity
c | e [ ooy [
o7, —ow) | <00, 000 | [~0008, 0002 | 109, 0027 | pam, 0007
—0.061, 0,051 ‘ —0.047, ~0.042) ‘ (0.001,0.001 (0.000,0.000] 0.032)

owzom |

~0.024, -0.021

~0.003, ~0.003) ‘ ~0.007. ~0.006] ‘ ~0.024, ~0.02 10.000.0.000]

007,005 | (005,006 | [~0002,~0.002] | [~0007.~0.006] | [0032,0.037] | [-0.043,~0.037
—0.001,0.000, | {0001, ~0.001) | (001, ~0.001] | (~0.001,~001] | {001, ~0.001) | [-0.001,~0.01]
—001) | [-0001.-0004) | [0003.0004 | (0013,0015) | [~0.002,~0001) | {0.009.0.010)
0000.0.000) | [0.000,0000] ‘ 0000.0000] | [0.000.0000 | [0.000,0.000 | [0.000.0.000)
0.000,0.000 0001, ~0.001] | [~0.001, ~0.001] | {0001, ~0.001] | (0001, ~0.001] | [-0.001, ~0.001
00160020, | [0003,0003] | [~0.003, ~0.003) (0.001.0.001] | [~0.005. ~0.006
12214736 | [-0373.-0316] | [Lo10.1.018 | | 270200 | 0311033
oroLos) | fosor.oo0 | fosez0017) 0.521,0 (1135, 1151]
091,001 | (0918, -0014] | [0s50.0571] | | wsmoss) | oo
pasross) | o701 —00s ‘ 10541058 | [L00108 | (07740504 | [1359,1.430]

0.931,0.946 10.990,0.001 10111012 1.030)
1.000,1.000] ‘ 1,000, ~0.006 ‘ 1.001,1.001] 1001100 | [1000,1.001] | [1.000,1.000]
1.000,1.000] 1.000,0.062 1000,1.000) | (10001000 | {1000, 1000] | 1000, 1.000
093,001 | 090,000 | [L011,1.012) 1.038,1.044] [1.025.1.030)
0.121.0.141 0.131.0.148 0.000.0001] | (00010001 | [0.066,0.074] | [-0.079, ~0.069
i W e W A e e
0.036,~0.032] | [~0.056,~0.018] | [~0.092, ~0.079] | [~0.086, ~0.076) | [-0.080,~0.069] | 0.025.0.031
0.180,0.2 0.148,0.165) ‘ 0022, -0.021] | [-0.031,-0.028) | [0.075,0.08] | [-0.117,~0.102]
0.021 0.003,0.004 0.004,-0.004] | [-0.016,~0.014] | [0.001,0.001] | [-0.011, ~0.009
10.000,0.000] 10.000,0.000 0000,0000] | [0.000,0000 | (00000000 | [0.000,0.000]
0033.0002) | [0005.0006 | [-0.007.~0.007) | (-0.026,-0022) | [0.001.0002) | [~0.015.~0.015]
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[HFlav'19]

B— D*) 7y HFLAV AVERAGE

~ O ]
[a) [ [ HFLAV average Ax?=1.0 contours ]
X o4k —]
[ LHCbi5 ]
035 =
03 E
025 =
F Bellel? b
0.2 - S M —+ Average of SM predictions HFLAV &
- R(D) = 0.299 + 0.003 E
C R(D*) = 0.258 + 0.005 P00 = 27%

P B R B R EAAR

o
N

03 0.4
R(D)

BABAR [PRL 109 101802 (2012)] [PRD 88 072012 (2013)] Belle [PRD 92 072014 (2015)] [PRL 118 211801 (2017)] [PRD 97
012004 (2018)] [PRL124 (2020) 161803] LHCb [PRL 115 (2015) 111803] [PRL 120 (2018) 171802]. Theory [FLAG EPJC77 (2017)
112], [Faijfer et al., PRD 85 094025 (2012)]
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https://hflav.web.cern.ch/
http://arxiv.org/abs/1205.5442
http://arxiv.org/abs/1303.0571
http://arxiv.org/abs/1507.03233
http://arxiv.org/abs/1612.00529
http://arxiv.org/abs/1709.00129
http://arxiv.org/abs/1709.00129
http://arxiv.org/abs/1904.08794
http://arxiv.org/abs/1506.08614
http://arxiv.org/abs/1708.08856
http://arxiv.org/abs/1607.00299
http://arxiv.org/abs/1607.00299
http://arxiv.org/abs/1203.2654

[LHCb, PRL 115 (2015) 111803, arXiv:1506.08614]

- s *+ —
2 : e Get 36300+ 1600 B— D**tpu~ v
3 3
¢ [ decays and
[ 3
i § Rp+ = 0.336 £ 0.027 £ 0.030
3
L o T R e Dominant systematics are MC stats
:g 285< P < 6.10 Gvilct THCo %‘ﬁ: 285 <q <6106V _ | LACK] and miS-ID ‘LL Shapes
S £ oot
g § oot
g | shape Normalization tau BG
5. . corrections 5% 2%
3 - 4 = - 2%
S T S T
m2,_ (Gevi/c®) E* (MeV)
i R e e orm factors ,
o 15000F- 4 5 100 3% y
$ ek ™ /
£ o ER- /
B R misip
7 4 E 3 16% Data stats
) g 80610661366~ 2000 45%
m2,_ (GeVi/cY) E* (MeV)
s G o] § SwmmeEE el Ve
3 g MC stats /
H £ 25% /
i /
L 7
e e L R(D*) error budget
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[LHCb, PRL 120 (2018) 171802, arXiv:1708.08856] [LHCb, PRD 97 (2018) 072013, arXiv:1711.02505]

B®— D* 1Ty, WiTH 77— ntn 7 (70w,

Signal and backgrounds are determined by
a three-dimensional binned fit to t,, g% and
BDT output.

@ signal yield: 1273 £ 85.

o Normalised to B® — D* ntnp—nt
[PRD 87 (2013) 002001], Yielding
B(B— D*rtv,;) =
(1.40 £0.09 £0.12 4+ 0.10)%
R(D*) = 0.286 + 0.019 + 0.025 + 0.021,
1o above the SM (0.252 4 0.003 [Faijfer et al)
and consistent with the world average.

BaBar hadronic tag
PRD 88 (2013) 072012
0.332+ 0.024+ 0.018
Belle hadronic tag
PRD 92 (2015) 072014
0.293+ 0.038+ 0.015
BelleSL tag

PRD 94 (2016) 072007
0.302:+ 0.030+ 0.011
Belle 1-prong

PRL 118 (2017) 211801
0.270+ 0.035% 0.027
LHCb muonic

PRL 115 (2015) 111803
0.336+ 0.027+ 0.030
LHCb 3-prong
LHCb-PAPER-2017-017
0.286+ 0.019+ 0.033

LHCb average
0.309+ 0.016+ 0.024

Fajfer et . (SM)
PRD 85 (2012) 094025
0.252:+ 0,003

0.1 0.2

0.3

The world average becomes R(D*)WA = 0.304 + 0.013 & 0.007
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0.4
R(D*)
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http://arxiv.org/abs/1708.08856
http://arxiv.org/abs/1711.02505
http://arxiv.org/abs/1303.6861
http://arxiv.org/abs/1203.2654

[LHCb U2 Physics case, arXiv:1808.08865]

LHCb PHASE-II UPGRADE : R(D™)

It is assumed that
all systematic g v LHCh
uncertainties g:
scale with v/L. o 0.11
+ v
= v
v No —'8 X
it 2 .
4 X
uncertainty 0.01 : x
X Improved x X= D:, r: - ,u:r?,j:/T_ )
form factors e X=D"7 orritry .
X =J/, 77 = p o,
@ backgrounds 0.001 Y . A V‘TV . |
from ' 3 23 50 300
B— DD Integrated Luminosity [fb™]
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[Scholarpedia, arXiv:1606.00999]

PROJECTIONS FOR Ry IN 1(.1) < ¢> < 6 GEV?/c?

Experiment J Ldt Nikee Rk A
Belle [Belte, sHEP 03 (2021) 105] | 711 bt 51+10 0.98 * 8% + 0.06 0.26
LHCb ppre 113 o1y 151001 | 3fb~1 254739 0.745 T 5099 4+ 0.036 | 0.09
LHCb [PRL 122 (2019) 191801] 5 fb_l 770 £ 50 0.846 i_ 8822 i_ 88}2 0.059
LHCb forxiv2103.11760] 9fb~!  1640+70 0.846 3935 3513 | 0.042
Extrapolations

LHCb Run 3 (2024) 23fb~ 1 4k 0.027
Belle Il (2024) 35ab7? 2.5k 0.051
Belle 11 (2026) 60ab~! 4.3k 0.029
LHCb Run 4 (2030) 50 fb 1 ok 0.018
LHCb Run 5 (2035) | 300fb~!  55.0k 0.007

Yields at Belle sum K and Kg. LHCb projections are similar to those
in the Phase-ll upgrade physics case [axi1s0s.0ss65) based on the 3fb™! result

[PRL 113 (2014) 151601].
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http://arxiv.org/abs/1606.00999
http://arxiv.org/abs/1908.01848
http://arxiv.org/abs/1406.6482
http://arxiv.org/abs/1903.09252
http://arxiv.org/abs/2103.11769
http://arxiv.org/abs/1808.08865
http://arxiv.org/abs/1406.6482

[Scholarpedia, arXiv:1606.00999]

PROJECTIONS FOR Ry IN 1(.1) < ¢> < 6 GEV?/c?

& 1 JHEP 03 (2021) 105 RK from Belle (II>
S 1 —e— Ry from LHCb
=
o
> 1071 PRL 113 (2014) 151601
JS -
8 E PRL 122 (2019) 191801
g
= |
S |
<
- i
=
RS
= 10724

T T T T T T
2010 2015 2020 2025 2030 2035
End of year of data taking
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[Scholarpedia, arXiv:1606.00999]

PROJECTIONS FOR Ry IN 1(.1) < ¢> < 6 GEV?/c?

1 maee o3 om s —s— Ry from Belle (II)
—e— Ry from LHCh

PRL 113 (2014) 151601

PRL 122 (2019) 191501

1 w0210

1 —=— Ry from Belle (II)
1 —e— Ry from LHCbh

JHEP 05 (2017) 055 \-\-

Total Uncertainty on Ry

T T T T T T
2010 2015 2020 2025 2030 2035

End of year of data taking
Uncertainty on Rk versus data
taking year, based on [arxiv:2103.11769)

and [Belle, arxiv:1908.01848]

Nik[hef

T T T T T T
2010 2015 2020 2025 2030 2035
End of year of data taking

Uncertainty on Ry« versus data
taking year, based on pHEP 0s (2017) 055]

and [Belle, arxiv:1904.02440]

Patrick Koppenburg Extrapolation to LHCb Upgrades 1/11 21/04/2021 — Beyond Flavour Anomalies [46 / 33]


http://arxiv.org/abs/1606.00999
http://arxiv.org/abs/2103.11769
http://arxiv.org/abs/1908.01848
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[Scholarpedia, arXiv:1606.00999]

PROJECTIONS FOR Rk IN 1.1 < ¢? < 6 GEV?/c*

Experiment J Ldt N+ ee Ry« A
LHCb 1705 0ss02) 3fb~1  111+14 0.69 " 55F +£0.03 | 0.092
Belle (100402440 711fb~1 103+13* 0.96 553 +0.11 | 0.39
Extrapolations

LHCb Run 2 (2018) | 9fb~! 500 0.044
LHCb Run 3 (2024) | 23fb~! 1k 0.026
Belle 11 (2024) 35ab? 2k 0.075
Belle 11 (2026) 60ab~! 3k 0.043
LHCb Run 4 (2030) | 50fb~! 3k 0.017
LHCb Run 5 (2035) | 300fb~? 20k 0.007

*in full g% range. | assume 1/3 goes into 1-6 GeV?/c*.
LHCb projections are similar to those in the Phase-Il upgrade physics case
larxiv:1808.08865] based on the 3fb71 result pHEP 08 (2017) 055].
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[Scholarpedia, arXiv:1606.00999]

PROJECTIONS FOR Rx+ IN 1.1 < ¢? < 6 GEV?/c*

1 1904.02440

1 —s— Ry from Belle (IT)
1 —e— Ry from LHCb

JHEP 05 (2017) 055

Total Uncertainty on Ry

—
S
V)

T T T T T T
2010 2015 2020 2025 2030 2035
End of year of data taking
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