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AcHEN Outline

Session: New observables/New ideas

Try to present relatively unexplored ideas
not yet discussed in too much detail at this WS

Some more familiar ideas that will be possible with new data

Many (maybe more interesting) new ideas in dedicated talks:
¢? unbinned determination of Wilson coefficients (yesterday's session)
Long distance contributions: talks earlier this week
Tauonic final states: presentations by Justine and Matthias
Baryons: talks by Martin and Tom
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Higher K resonances
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Higher K7 resonances

RWTH : A
ancHeN Higher resonances in BY — Ktn— '

Decays/ (50 MeV/c?)
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Branching fraction and angular moments of B® — K+tn~ptpu~
determined in 1330 < mg, < 1530 [JHEP 12 (2016) 065]

Several contributions expected:

S-wave K5(1430), P-wave K7 (1410), D-wave K;(1430)
Interpretation not straightforward, not many predictions available at
the time [EPJC 67 (2010) 149-162] [PRD 85 (2012) 034014]

Some very interesting recent work in theory!
=] F

i
!
S
o
i)

C. Langenbruch (RWTH), b — s£¢ workshop Lyon How to further exploit meson decays?


https://arxiv.org/abs/1609.04736
https://arxiv.org/abs/1609.04736
https://arxiv.org/abs/0907.1496
https://arxiv.org/abs/1111.1513

Higher K7 resonances
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P-wave including B® — K7 (1410) ™t p™ [aniv1908 02267)

LCSR predict only weighed integral over mg,, external information
on factor a required: Fr+(1410) = F k= (392)

From B measurement: a < 3 (at most 10% F«(sg2) reduction)
Angular moments also give constraint: M) : o <11

Interesting study of finite-width effect: Increases B by 20% (!)
Updates including more data needed,

In case of specific wishes please let us know!
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https://arxiv.org/abs/1908.02267
https://arxiv.org/abs/1908.02267

Higher K7 resonances

RWTH
ACHEN S-wave

[JHEP 11 (2016) 047, JHEP 04 (2017) 142]
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B(P-wave) and S-wave fraction measured in
[JHEP 11 (2016) 047, JHEP 04 (2017) 142]
Accounted for as nuisances in K*0ut = angular Hep 02 (2016) 104]

g>-unbinned approaches [JHEP 11 (2017) 176] [EPIC 78 (2018) 453)]
model S-wave directly, input on form-factors very useful

Improved S-wave predictions to appear soon? [arxiv:1908.02267]
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https://arxiv.org/abs/1606.04731
https://arxiv.org/abs/1606.04731
https://arxiv.org/abs/1512.04442
https://arxiv.org/abs/1708.04474
https://arxiv.org/abs/1709.03921
https://arxiv.org/abs/1908.02267

Candidates per 35 MeV/c?

(Largely) Unexplored modes

(Largely) Unexplored modes
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(Largely) Unexplored modes

MO BT — Ktrtnutp~

[JHEP 10 (2014) 064]

;. S L L B Py T T T
* 7+ LHCb | S 60 LHCb @
S 6 % 50 * B - Kty
B @ |
% % 2 {Hﬂ
g t§_ 20
h g 1 ++ .[.']'+{'+++

s P T S S R | -g | ,+ " ++& iig i

0 5 15 S 1000 1500
o2 [GeVZ/cd] m(K*n*n’) M eV/cz]

First observed in [JHEP 10 (2014) 064]

Inclusive branching fraction measured

Contributions from K" (1270) and K, (1400) expected,

m(Knr) spectrum as of yet inconclusive

Additional data will allow a better resolution of different
contributions, amplitude analysis?

Related to BT — K77~ where amplitude analysis is underway
K1(1270,1400) J¥ = 1% parity doublers for K*(892) [j+ep 05 (2018) 178]
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https://arxiv.org/abs/1408.1137
https://arxiv.org/abs/1408.1137
https://arxiv.org/abs/1804.09006

(Largely) Unexplored modes

MOREN B0 — f1(1285)(— mtmmtr )t~

[PRL 112 (2014) 091802]
L L A

{

250 £ =

s00E  LHCb

200 =
150 ¥ 3

Combinations / (4 MeV)

100 3 —E

~

1
5200

5'400 5500
mJ/prrr ) [MeV]

Vo
5300

Control mode B(Os) — JApnta~a T~ already
observed [PrL 112 (2014) 091802]

f1(1285) is the parity doubler to w(782), i.e. the corresponding vector
meson with opp. parity (J¥'(w(782)) = 1~ and J¥(f1(1285)) = 11)

B — wut ™ should also be a accessible (either 77~ or 777~ 70)

Significant interest in these new modes? o
= = = = DA™
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https://arxiv.org/abs/1310.2145
https://arxiv.org/abs/1310.2145

(Largely) Unexplored modes

MACHN B0 — f1(152

[JHEP 08I (2017) 037]
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Will be added to BY — ¢uTu~ update (same final state)

Related normalisation mode B — J/i f4(1525) already
observed [PRL 108 (2012) 151801] studied in the ¢4 context [JHEP 08 (2017) 037]

Will perform moments analysis to confirm spin 2

Not aware of predictions, interest in this quite narrow spin 2 state?
o (=) = E E A
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https://arxiv.org/abs/1704.08217
https://arxiv.org/abs/1112.4695
https://arxiv.org/abs/1704.08217

B j’ decays
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BT decays

O Electroweak penguin decay B — D" u~
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Hadron machines allow access to B, production suppressed by
fe/ fu ~ 6.3 x 1073 [PRL 114 (2015) 132001][CPC 41 (2017) 013101]

Bj' — D:_(*),u"'p,_ predictions [PRD 82 (2010) 034032] [arXiv:1906.02412] [EPJC 4 (2002) 18]

Control mode Bf — J/ D;H*) already observed [PRD 87 11 (2013) 112012]

Reconstruction in B(Df — KTK—7t) ~ 5%, B(DI* — D) ~ 94%
— expect O(1 — 10) events in LHCb Run 142

o> T = = z 9ace
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https://arxiv.org/abs/1411.2943
https://arxiv.org/abs/1607.02718
https://arxiv.org/abs/1006.4231
https://arxiv.org/abs/1906.02412
https://arxiv.org/abs/hep-ph/0205287
https://arxiv.org/abs/1304.4530

BT decays

UM Other modes with Dy~ final states

B — Du*p~ via W-exchange, annihilation diagrams

Heavily suppressed, but large spread of predictions:

B(B® — D%t~ 1 < ¢? < 5GeV¥ct) = (9.7733) x 1076 [JHEP 10 (2011) 152
B(B®— D*%¢te™,¢? > 1GeV?/ct) = 1.4 x 1078 [NPB 577 (2000) 240-260]
(BY— DYte™,¢? > 1GeV?/ct) = 2.6 x 1072 [NPB 577 (2000) 240-260]
(BT = D*fete,¢® > 1GeV¥ct) = 9.1 x 1071 [PRL 83 (1999) 4947-4950]
B(B*— D%ete™,¢® > 1GeV¥ct) = 1.4 x 10711 [PRL 83 (1999) 4947-4950]
B(Bt — Ditete,q> > 1GeV?/ct) = 1.8 x 1072 [PRL 83 (1999) 4947-4950]
B(B* — D}ete™,¢* > 1GeV?/ct) = 2.7 x 10710 [PRL 83 (1999) 4947-4950]
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Interest in these modes?
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https://arxiv.org/abs/1106.2711
https://arxiv.org/abs/hep-ph/9906528
https://arxiv.org/abs/hep-ph/9906528
https://arxiv.org/abs/hep-ph/9904434
https://arxiv.org/abs/hep-ph/9904434
https://arxiv.org/abs/hep-ph/9904434
https://arxiv.org/abs/hep-ph/9904434
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b — dee

WO b — def status: B — Tt

[JHEP 10 (2015) 034] Fermilazb Latticel/MILC [PRD 93 (2016) 113016]
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Good agreement with but sli%htl lower than SM predictions
APR13 [PRD 89 (2014) 094021] HKR15 [PRD 92 (2015) 074020] FNAL/MILC15 [PRL 115 (2015) 152002]

B =(1.83+0.24+0.05) x 108 and Acp = —0.11 £ 0.12 + 0.01
[ T4] = 0.24¥003, [Vial = 7.270:8 x 1072 and [Vis| = 3.2703 x 1072

Lattice predictions (Fermilab/MILC) [prp o3 (2016) 034005) [PRD 93 (2016) 113016]
Combined ~ 2o tension of B(BT— KT (x)u* ™) with SM prediction

Run 1 Ngg ~ 90, ongoing Run 2 update will quadruple yield
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http://arxiv.org/abs/1509.00414
http://arxiv.org/abs/1602.03560
http://arxiv.org/abs/1312.2523
http://arxiv.org/abs/1506.07760
http://arxiv.org/abs/1507.01618
http://arxiv.org/abs/1510.02349
http://arxiv.org/abs/1602.03560
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Determination of V;q/Vis not only given by FF ratio [JHEP 08 (2017) 112]
B(B™- + .+, Via/Vis 2 .
B((B+__>)2+Z +’L _)) = | t}é P ® x (FBx + corrections)

Run 1 using [JHEP 08 (2017) 112] approach: Viq/Vis = 0.24 4+ 0.05

good agreement with naive approach |Viq/Vis| = 0.2475:0% [JHEP 10 (2015) 034]

Run 2 expectation with improved determination o(|V;q/Vis|) ~ 0.03
Incl. corr. between theory inputs provided [JHEP 08 (2017) 112] authors
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https://arxiv.org/abs/1703.04765
https://arxiv.org/abs/1703.04765
http://arxiv.org/abs/1509.00414
https://arxiv.org/abs/1703.04765

b — dee

RWTH = _
acHeN BY — K*Out

BY— K*0Jfp [JHEP 07 (2018) 020] BY— K*Outpu~ [JHEP 07 (2018) 020]
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N0y, ~ 40 (Run 142016), first evidence at 3.4 0
LHCb Run 142: expectation ~ 80
LHCb Upgrade Il expects Nioy,, ~ 4300

Allows for angular analysis of B — K*°;+ i~ with better precision than
Run 1 B®— K*0u* = result
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C. Langenbruch (RWTH), b — s£¢ workshop Lyon How to further exploit meson decays?


https://arxiv.org/abs/1804.07167
https://arxiv.org/abs/1804.07167
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First evidence for B® — 77— pt ™ in [PLE 743 (2015) 46)

Compatible with p%uu but very limited stats

Complex angular structure, similar to B — ¢upu as untagged B — V
Untagged analysis allows access to angular CP-asymmetries
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https://arxiv.org/abs/1412.6433

Inclusive analyses

Inclusive analyses
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Inclusive analyses

RWTH . .
MCHEN B — X 400 inclusive status
[PRL 112 (2014) 211802

[PRD 72 (2005) 092005

2% 2g & (b)
> 15/ 3
[ [0}

e 1 o

S ¢ T

— 0.5 E"f__

NO_ C m L

3 of A it

2 5 10 15 20 T
> 22 5 10 215 20 225
g° (GeV/c?) g2 (GeV/c)

Inclusive B— X /¢ important complementary info. to excl. modes

Two variables: ¢ and z = cos 6;:

dgigz = 3 [(1+ 22 Hr(¢?) + 22Ha(q?) +2(1 — 2*)HL(¢?)]
= = () + Hula?), G = Ha()

Experimental situation: BaBar I" and Acp [PRL 112 (2014) 211802]

Belle T' [PRD 72 (2005) 092005] Belle App [PRD 93 (2016) 032008]

B(1 < ¢ < 6GeV?/ct) = (1.58 +0.37) x 1076,

B(q? > 14.4GeV?/ct) = (4.8 £ 1.0) x 1077 [JHEP 1506 (2015) 176]

A C. Langenbruch (RWTH), b — s£¢ workshop Lyon How to further exploit meson decays?


https://arxiv.org/abs/1312.5364
https://arxiv.org/abs/hep-ex/0503044
https://arxiv.org/abs/1312.5364
https://arxiv.org/abs/hep-ex/0503044
https://arxiv.org/abs/1402.7134
https://arxiv.org/abs/1503.04849

Inclusive analyses

NN B — X all interpretation and techniques

[JHEP 06 (2015) 176] [PRD 93 (2016) 032008]

<

- BY decays B~ decays
4
) IS
K7t (K2%7°) K=n° Kin~
2 K-ntn® (K= nt) K rntn~ Kn~x®
K atr— ot  (K&r 7nt7%) |K 7tz x° Kin—nta™
Rip 0 (K~atn 7 72 Ken atn n (K ntn nta ) Kin nta 7%

Ry
Expected final sensitivity from current B-factories 15-20%
All current measurements are sum of exclusives:
Approach allows to separate Xy from X
Cut My, < 1.8GeV/c? introduces some theory uncertainty at low ¢

~

[PRD 74 (2006) 011501] [PRD 79 (2009) 114021] [NPB 09 (2010) 022]
Can precise excl. measurements of all-track modes
help reduce overall uncertainty?
B— KT Xu*tu~ very challenging but maybe not impossible at LHCb

2

C. Langenbruch (RWTH), b — s£¢ workshop Lyon How to further exploit meson decays?


https://arxiv.org/abs/1402.7134
https://arxiv.org/abs/1503.04849
https://arxiv.org/abs/hep-ph/0512191
https://arxiv.org/abs/0812.0001
https://arxiv.org/abs/1007.3758

Inclusive analyses

NN B — Xs.all Belle 2 expectation

[arXiv:1708.09423]

35 - — - n oy 102
\ Belle Il Prospects = = Belle Il Prospects |
<I.I. 'I_\‘ RV AT L B
“©

=
og 30" dB (B = XT)lde?
@
T o5t I
w f
200
F 10
15 N
10; N
[ —[1.0, 3.5]GeV¥/c = [ ' 24
P PR I SRS b —[1.0, 3.5]GeV¥c
F _{3'45'46'0169\’ Al N —I[3.5, 6.0]GeV¥c*
5:— -4, maxj [ _[14.4, max]GeV¥c*
ot R ; I 1 bl L
107 1 10 10° 10 1 10 10?
Integrated luminosity [ab’] Integrated luminosity [ab™|

Exp. uncertainties 5-7% for I' and 2-3% for Apg with 50 ab~!

Start with sum over exclusive, then pursue fully inclusive [arxiv:1808.10567]

Aims to measure R, = 502X 1) ot 3-4% with 50ab~!

Recent theory work to further reduce B— X404 uncertgintiqs [arxizv;19087.0759)7 N
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https://arxiv.org/abs/1708.09423
https://arxiv.org/abs/1808.10567
https://arxiv.org/abs/1908.07507

B, and A, fractions

Normalisation modes

Normalisation modes
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Normalisation modes

RWTH e -
aacien Normalisation for BY — pt

— 09210° —
] PR [PRL 118 (2017) 191801
S o7k E Current Experimental Systematics (LHCb)
T E E Source size
o 06F E
52 05F E Hadronisation fraction fs/fs 5.8%
o 04f E Normalisation modes 3%
03F E Particle identification 2%
0.2 E Track reconstruction 2%
035 I EXlOJB
0 8

BF(BY - w*w)
First observation by single experiment (7.8 0):
LHCb: B(B?— ptp™) = (3.0 £ 0.6 103) x 107 [pri 115 (2017) 191501]
Mode also well accessible by GPDs:
CMS: B(BY — putp™) = (29757 £0.2) x 1072 [cms-pas BPH-16.004]
ATLAS: B(B?— ptp~) = (2.8708) x 1079 ner 04 (2019) 098]
Osyst. limited by fs/fq = 0.259 + 0.015 (5.8% rel.) [LHCb-CONF-2013-011]
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https://arxiv.org/abs/1703.05747
https://arxiv.org/abs/1703.05747
https://cds.cern.ch/record/2684828
https://arxiv.org/abs/1812.03017
https://cds.cern.ch/record/1559262

Normalisation modes

RWTH e -
aacien Normalisation for BY — pt = 1

[PRD 100 (2019) 031102]
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New fs/(fu+ fa) = 0.122 £ 0.006 (4.8% rel.) [PRD 100 (2019) 031102]

using D° Xy~ v, DY X~ v, DY Xp~ v, final states,

for fs/(fu+ fa) dominant ogys. from B(DF — KT K~ nt) (3.3%)
Alternative: Normalise to BY decay, but precision on B limited

B(B?— Jhp¢) = (1.08 £0.08) x 1073

B(B?— Dfn~) = (3.0040.23) x 1073

Belle 2 could improve both e ==
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https://arxiv.org/abs/1902.06794
https://arxiv.org/abs/1902.06794

Normalisation modes

RWTH _
ACHEN BY — 1T~ prospects

[arXiv:1812.07638]

BB — ptu”) BB — ptpT)

Experiment Scenario stat + syst % stat + syst %
LHCb 237" 82 33
LHCb 300fb" 44 9.4
CcMS 300" 12 46
CcMS 3ab? 7 16
ATLAS Run 2 22.7 135
ATLAS 3 ab~ ! Conservative 15.1 51
ATLAS 3 ab™ ! Intermediate 12.9 29
ATLAS 3 ab~! High-yield 12,6 26

LHCb expects 1.8% stat. uncertainty with 300 fb~! (Upgrade 2)

Above LHCb numbers assume reductions to
a;‘;s/{d ~ 3.5%, 055" ~ 1.4% after Upgrade 2 [arxiv 1812 0763
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https://arxiv.org/abs/1812.07638
https://arxiv.org/abs/1812.07638

Normalisation modes

RWTH : : _
acHEN Connection to the Flavour anomalies: b— syt p

LHCb BY— K0yt~

[JHEP 11 (2016) 047)

LHCb BY— gyt~ [JHEP 09 (2015) 179]

LHCb B* — K+ pt

[JHEP 06 (2014) 133]
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S T 3 LHCh 4 @ LHCb o
B k2
g 1 E 4 x
= 3 © ~ |
: ++: 14 d\
B E H =,
B E 3 . 15 1
5 LHCb 4 ot g
0 15 20 $ 10 ° S
@2 [Gevi/c q2 [Gev2/c4] o [Gevcd]
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Pattern: Data generally below SM predictions (particularly at low ¢?)

Norm. modes (typically corr. J/i) modes) close to (or already) limiting
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LHCb B — K*0ut = [JHEP 11 (2016) 047] LHCb BY— ¢t~ [JHEP 00 (2015) 179]  LHCb B+ — K+t~ [JHEP 06 (2014) 133]
x107° .| CSR Lattice —e-Data
0. . = T — : ; : BRE
E LH % P B K'uy
3 g % LHCb 4
=0 4 Z
: 3 + o ¢ f
N L g . ]
0.0¢ —+ by Ry D R +
== &
X ke E
X K ‘ a e
15 g 10 L (] 1 15 20
?[Gevcy ¢ 1GeVc') o [GeVcd]

A)— At [JHEP 06 (2015) 115]  LHCb B®— KOt~ [JHEP 06 (2014) 133] Bt — K*tptp~ [JHEP 06 (2014) 133]
. . : MLCSR | Lattice -+-Daa MLCSR | Lattice -+-Daa

L T
= El e T o T
Ng ij [ st pascion E 3 B Koy 1 3 B L Kty
g f T E % LHCb 4 % 15 LHCb 1
% b ERPS 1 X
o EREY © N B
2ok EN) e +
| od] e & 5 1
s ; kel B}
Sellapyt L AT g . N| g )

0 5 10 15 0 © 15 20 © 710 15 20

@ [Gev?/c] R [Gevc] R [GeVycd]

Numerically in 1 < ¢% < 6 GeV?/c*:

dB(B®— K*Outp~)/dg? = (3.42 4+ 0.17 4 0.09 + 0.23) x 1078/ GeV?/c!
dB(BY — dptp~)/dg? = (2.5875:33 +0.08 + 0.19) x 1078/ GeV?/c!
dB(B* — K*putp™)/dg® = (2.42 4 0.07 £ 0.06 + 0.10) x 1078/ GeV?/c*
Note: o(Bpnorm) correlated between all bins
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[PRD 67 (2003) 032003] [JHEP 06 (2014) 133]

600 [ T T T T T T T T T ] N\“ T T T

| (a) Jp K* i P B K'uwtu™

2 LHCb

400 = Ny = 2102+ 46 7 = Nicup = 4746 + 81

- -1 & 500
200 [~ . 2

5 . 3

0 } } 05200 5400 5600

m(K ) [MeVie?]
Highest precision B(B*T — J/y K*+) = (1.010 £ 0.028) x 10~3
Some results assume equal B¥B~/B°B° production on Y (45)
Current world average: f/fo = 1.058 £ 0.024 [EPJC 77 (2017) 895]

Two of the most precise measurements included in average:

BaBar B(BT — Jip K+) = (1.061 £ 0.015 £ 0.048) x 10~3 [PRL 94 (2005) 141801]
124M BB, limiting systematics: efficiency determination (tracking, PID)

Belle B(B* — J/pK+) = (1.01 £ 0.02 £ 0.07) x 10=3 [PRD 67 (2003) 032003]
29.4fb~!, limiting systematics: tracking, PID

Sub-percent precision B-counting using off-res. samples [EPIC 74 (2014) 3026]

Belle 2 (likely also BaBar/Belle) can easily improve these
Would have significant impact in global fits
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There is a lot of work to do,
many interesting areas off the beaten track

Interplay of experimental results on higher K7 resonances
and form factor predictions beyond the narrow width approximation

Interest in new modes and observables?

Larger samples will allow analyses of rare B decays
and b — d/l/ transitions

A lot of improvement expected
in inclusive analyses

Branching fractions of
normalisation modes have high impact
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RO T he complementarity of NP searches with rare decays

Exclusion limits for NP searches

Anp

A

scenario K

Tree generic 1
Tree MFV Vib Vis

Increase precision

. 1

Rare decays (AF = 1) Loop generic {52

Hyp o< 55— Loop MFV Vel
Increase /s

1

Direct searches

K
>
CKM-like generic
flavour violation " flavour violation

Direct searches limited by beam energy, Anp < /s
Reach with rare decays scales with \/k/c(C;)

Typically Anp o \/k/0(C;) x /K& x {/ [ Ldt
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RO LHCb Upgrade schedule

LHCb Current » Upgrade | » Upgrade I——
LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018 &= S X # s f:
= s 8209 300 &
o . 2017 (6.54251 TeV): 1.71 b + 010 /b 1 2 = | Z‘
.« st / CNE A £
> 2015 (65 TeV): 033 — = | - =]
B . 2012(40TeV:208/ A £
§ o nEsTeism I %‘15_ 250 B
€ 2010@5TeV: 004 e 1 3
3 £ 145 = -
3 , Eig —200 §
- | ]

£ Ls1 / Sz 1 &
© o | -

2 =104 —150 £

3 E i -
s / &5 =

2 7 3 —J100
E 6 7l
ﬂ72010 2011 201: 2013 2014 2015 2016 2017 2018 4_: |
Year = —50

1 L =

2010 2015 2020 2025 2030 2035

Current status: 9fb~! in Run 142

Upgade | a+b: 50fb~! (Run 3+4 at £ =2 x 103 cm~2s71)
Upgrade 11: 300fb™! (Run 5 at £ =2 x 103* cm~2s7!)
LHCb Upgrade Il summarised in Eol [CERN-LHCC-2017-003]
and Physics case [CERN-LHCC-2018-027]

Physics of the HL-LHC, WG 4 Flavour [arxiv:1812.07638]
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https://cds.cern.ch/record/2244311
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Aty Typical NP reach of Rare Decays

Anp reach with LFU tests R j-(«

= Tree generic
+ Tree MFV
1 Loop generic

«10 Loop MFV
107 /

Axp [TeV]
T \\\HH‘ T \\\HH‘

10
Integrated Luminosity [fb™']

[Upgrade Il Physics case] [Physics of the HL-LHC WG 4]

JLdt 3fbT 23fbT 300fb"
Ry and Ry« measurements
a(Co) 0.44 0.12 0.03
Alreeseneric [ ay] 40 80 155
AlzeeMEV [Ty 8 16 31
AgepeEeneric [Ty 3 6 12
ARPMEY [ Tev] 07 13 25
BY— K*0u* i~ angular analysis
P (S;) 0.034-0.058 0.009-0.016 0.003-0.004
a(Cly) 0.31 0.15 0.06
AREEere [ Tev] 50 75 115
AleeMEV [TV 10 15 23
AgppEeneric [ Tey) 4 6 9
AgePMIV [ Tev] 0.8 12 1.9

Reachable NP scales Anp o /1/0(Cxp) o {/ [ LAt

Precision flavour observables probe scales far beyond /s = 14 TeV

Upgrade Il can reach a factor 1.9 higher than Upgrade la

'Naive scaling: Assumes identical scaling of systematics
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https://arxiv.org/abs/1808.08865
https://arxiv.org/abs/1812.07638
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AACHEN Prospects summary

Table 10.1: Summary of prospects for future measurements of selected flavour observables for LHCb, Belle IT and Phase-IT ATLAS and CMS. The projected
LHCD sensitivities take no account of potential detector improvements, apart from in the trigger. The Belle-II sensitivities are taken from Ref. [608].

Observable Current LHCb LHCb 2025 Belle IT Upgrade II ATLAS & CMS
EW Penguins
Ric (1< ¢% < 6GeV2eh) 0.1 [274] 0.025 0.036 0.007 -
Ri+ (1 < ¢® <6GeV3ct) 0.1 [275] 0.031 0.032 0.008 -
Ry, Ry, R ~0.08, 0.06,0.18 —0.02,0.02,0.05 -
CKM tests
7, with BY — DF K~ (+37)° [136] 1° 1°
7, all modes (F29)° [167] 1.5° 1.5° 0.35° -
sin28, with BY — J/$hK? 0.04 [609] 0.011 0.005 0.003 -
@5, with B — J /¢ 49 mrad [44] 14 mrad - 4 mrad 22 mrad [610]
¢s, with BY — D} Dy 170 mrad [49] 35 mrad - 9 mrad -
5%, with BY — ¢¢ 154 mrad [94] 39 mrad - 11 mrad  Under study [611]
ag 33 x 107 [211] 10 x 1074 3x 1074
Vsl /| V| 6% [201] 3% 1% 1% -
BY, B®ptpu~
B(B® — ptu~)/B(BY — ptp) 90% [264] 34% - 10% 21% [612]
TRt 22% [264] 8% - 2% -
Sun - - - 0.2 -
b — ¢~ LUV studies
R(D*) 0.026 [215,217] 0.0072 0.005 0.002 -
R(J/J) 0.24 [220] 0.071 - 0.02 -
Charm
AAcp(KK — ) 8.5 x 1071 [613] 1.7x 107 5.4 x 1074 3.0x107° -
Ar (~ xsin ) 2.8 x 1074 [240] 4.3 %1077 3.5 x 1074 1.0x 1073 -
2sing from D — K+z~ 13 x 10~ [228] 3.2x 1071 4.6 x 1071 8.0 x 1077 -
2 sin ¢ from multibody decays - (K3m) 4.0x107° (Krm) 1.2x10~* (K3r) 8.0 x 10°° -
=] (=) = E E DAl
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