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Lecture-I1I outline

 Introduction to FCNCs — radiative decays

* The ultra rare: BOg—u

« B'->K™uu- and friends: the gift that keeps on giving
* Trouble with trees: b—ctv

 (Conclusions
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Flavour-changing Neutral Currents (FCNCs)
or ‘rare decays’ as a probe of New Physics

FCNC decays proceed through higher order diagrams —
suppressed in SM and susceptible to New Physics contributions.

e.g. Penguin diagram (nomenclature Most interesting measurements involve
introduced by John Ellis in 1977 after EM & weak penguins, with photon or
lost bet [Ellis et al., NPB 131 (1977) 285].) dileptons — precise predictions.

(EM) Radiative

penguin - '//
. ,’/ \\\
gluonic ,

Penguin b - b - o = s.d
7L

EM penguin first discovered by
CLEO in B—K*(892)y (BR~10)
[CLEO. PRL 71 (1993) 674]. s



https://www.sciencedirect.com/science/article/pii/0550321377903741?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.71.674

Hadron machines can study b—sy too

Despite the high background from combinatoric n° decays, it is possible to study

radiative penguins at the LHC, as the photon is reasonably hard.

(what is much

more challenging is to look at final states with > 1 neutral, or study b—sy inclusively —
that remains the province of the e*e- machines). Unique contributions possible.

€.g. [LHCb, PRD 105 (2022) L051104] reconstruction of A%, —Ay and measurement of photon

polarisation, which is expected to be almost completely left-handed in the SM.
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https://arxiv.org/abs/2111.10194

‘The golden modes: B.—p*u, B'—ptw

Standard + b
Model

4

SUSY ut

These decay modes can only proceed
through suppressed loop diagrams.

In SM they happen extremely rarely (Bi—up
~4 x 109, B®—pup 30x lower), but the rate is
very well predicted (e.g. <6% for Ba—pup). b

Many models of New Physics (e.g. SUSY) can modify rate significantly !
A ‘needle-in-the haystack’ search, which has been pursued for over 25 years.
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Before the LHC, Fermilab experiments were pushing the limits down towards 103,




B —pfuw, B> u*u: the model killer

Historical plot from around the turn-on of the LHC, showing how a measurement of
the BR of both modes provides powerful discrimination between New Physics models.
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https://arxiv.org/abs/1012.3893

Finding the needle in the haystack

There are lots of B-decays that look rather similar to B;—pp.. And ‘rather similar’
is very dangerous when you are searching for such a rare decay.

Most sensitive analyses (pioneered by LHCb & CMS) are not ‘cut-based’ .
Rather, they employ a sequence of two boosted decision trees (BDTs).

a

BDTs must not just search for a >

B-decay, as in trigger, but must I
look for one which is Bi—pp
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e.g. compare momentum ﬂ+
vector of decay with
vertex separation vector a

momentum
vector of 102
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Above, just one of many signatures BDT

that are used. Where possible calibrate BDTs on data (e.g. same topology
B°—Krtr decays). Normalise signal yield to B.—J/yK or B®—Kir to determine BR.

—
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https://arxiv.org/abs/1307.5024

Candidates / (40 MeV/2)

The search is over: B —u"u observed !

The signal finally showed up during Run 1, where LHCb found first evidence
[PRL 110 (2013) 021801], & then a combined LHCb-CMS analysis yielded a 50
observation [Nature 522 (2015)68]. The BR, measured to 25%, agrees with the SM...
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...however the analysis also searched for the even rarer B® —uu. Here there is
also a hint of a signal. Picture is intriguing & provided encouragement for Run 2 !
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https://arxiv.org/abs/1211.2674
https://arxiv.org/abs/1411.4413
https://arxiv.org/abs/1411.4413

LHCDb BO(s)_)H-l_Pv- run 1 & 2 IPRL 1252022

In Run 2 LHCD returned to this critical observable with an improved analysis
(~50% combinatoric background than previously). Full data set now analysed.
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https://arxiv.org/abs/2108.09284
https://arxiv.org/abs/2108.09284

LHCb BO(S)—>M+iJ,' run 1 & 2 IPRL 1252022

In Run 2 LHCD returned to this critical observable with an improved analysis
(~50% combinatoric background than previously). Full data set now analysed.
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https://arxiv.org/abs/2108.09284
https://arxiv.org/abs/2108.09284

CMS BO(S)—>pL+p.' run 2 update  Her 032020 188)

CMS have now extended their analysis to 2016 from Run 2 data taking.
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http://arxiv.org/abs/1910.12127

CMS BO(S)—>{.L+§.L' run 2 update [JHEP 03 2020 188]

CMS have now extended their analysis to 2016 from Run 2 data taking.
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http://arxiv.org/abs/1910.12127

ATLAS B’ ,—p*p run 2 update (it

ATLAS have now extended their analysis to 2015 & 2016 from Run 2 data taking.
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https://arxiv.org/abs/1812.03017
https://arxiv.org/abs/1812.03017
https://arxiv.org/abs/1604.04263

ATLAS B’ ,—p*p run 2 update (it

ATLAS have now extended their analysis to 2015 & 2016 from Run 2 data taking.
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https://arxiv.org/abs/1812.03017
https://arxiv.org/abs/1812.03017
https://arxiv.org/abs/1604.04263

[CMS PAS BPH-20-003;

LHC BO (s)_) {.L+ p,' Combination LHCb-CONF-2020-002;

ATLAS-CONF-2020-049]

A combination has been performed of the B—pupu results from the three experiments.
(NB: for LHCDb this only makes use of data collected up to 2016 [PRL 118 (2017) 191801],
which contains a result less sensitive, though qualitatively similar, to the final one. )

. Good consistency 06 ATLAS, CMS, LHC - Summer 2020
between experiments; R " Preliminary :
= 05F —— 2011 - 2016 data -
* B.—pup is somewhat ™ . ) ]
low compared to SM; i 041 E
« No sign of B®—pp yet, T 03 _ _
but this is expected R o2F =
given current sensitivity; /= ]
0.1 :- —
» Overall consistency with .
SMis 2.1c in B? vs B, plane. 01 5

B(B) — u*u) (107)

Worth watching carefully as more precise results emerge !
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https://arxiv.org/abs/1703.05747
http://cdsweb.cern.ch/record/2727216
http://cdsweb.cern.ch/record/2727216
http://cdsweb.cern.ch/record/2727216

BR(B®—uy)

Lessons from, & future of, B’ ,—pp measurements

* Prior to LHC turn on, an enhanced BR(B,—up) was one of the great hopes
for a rapid discovery of New Physics. This hope has not been realised.

Mt vs. tan space for two- -
Higgs doublet model [Gfitter group., °
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https://arxiv.org/abs/1803.01853
https://arxiv.org/abs/1803.01853
https://cds.cern.ch/record/2244311?ln=en
https://cds.cern.ch/record/2244311?ln=en

Unlocking new observables with B, —p

Remarkably, the sample of B,—up decays now available is sufficient to begin
probing new observables. E.g., since the sample is in fact constituted of both By
& B,bar mesons, a lifetime measurement brings very valuable new information.

The effective lifetime [K. De Bruyn et al.. PRL 109 (2012)041801] ;.

_ B 1+2AAF v+ y?
i =722 u
Ys 1+AAF Vq

where

* Vs = Tpo AF/Z ~ 0.06, Al being the lifetime
splitting between the mass eigenstates;

e AHH, . is aterm thatis 1in SM, but can take any value
between -1 & 1 for New Physics.

Accessing A, through 1, tells us things that the BR alone does not.
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https://arxiv.org/abs/1204.1737

Unlocking new observables with B, —p

Remarkably, the sample of B,—up decays now available is sufficient to begin
probing new observables. E.g., since the sample is in fact constituted of both B,
& B,bar mesons, a lifetime measurement brings very valuable new information.

PrOOf—Of-prinCiple measurements CMS 361 (13 TeV) +20fb™ (8 TeV) + 51b™ (7 TeV)
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8
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4f
2:

1108170 (2202) 821 Tdd!

During HL-LHC era these will reach very interesting levels of precision.
One may also dream of performing flavour-tagged CP asymmetry measurements !
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https://arxiv.org/abs/2108.09284
https://arxiv.org/abs/1910.12127

e

B’—>K'1*l'and friends —  *, & ;"% & "%
the gift that keeps on giving % \%v( W

FCNC processes involving the transition b—sl*I (and indeed b—dl*I") are not
ultra rare, but provide an exceedingly rich set of observables to probe for NP
effects, that are sensitive to non-SM helicity structures (and more).

Many realisations, but the poster-child decay is B —K™*F, with K°—K*1r-,

@ is angle
between Kt
and uu decay frame

Four-body final state can be characterised in terms of three angles, ©,, 6« and o,
& g2, & the invariant-mass of the dilepton pair (see e.g. [LHCb, JHEP 02 (2016) 104]).
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https://arxiv.org/abs/1512.04442

e

K

B'—>K*1*l and friends — -, SN
the gift that keeps on giving % \%v( W

Differential cross-section w.r.t. solid angle and g2 can be expressed in terms
of eight coefficients: F_, Az and S, (other choices are available):

1 dYT + T 9
d(r + f)/dqg d(q2 A0 ) T 327 [%(1 —I1) sin’ QR + F1, cos QR
Note Es is the +3(1 = F)sin * O cos 20,
CP-averaged expression — F cos® O cos 26, + S sin® Oy sin? 6, cos 20

(i.e. assuming no CPV).
+.S5 s1n 20 sin 26, cos @ + S sin 20, sin b, cos ¢
F,_ — fraction of longitudinal
polarisation of K* +%AFB sin? Oy cos 0, + S sin 20 sin 0, sin &

fea ;OSDArﬁrr: e-’?r?/cokf\/\él?lredpton +Sx sin 20 sin 26, sin ¢ + Sg sin® O sin” ) sin 2¢

pair in B-meson frame
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B'—K*I'l" and friends —
the gift that keeps on giving % \ﬁ(

Three practical considerations:

1.

e

d Bﬂ d ok
Lt S

' OB -
y i
W

Analysis must allow for an S-wave contribution in K1t system, in addition to
P wave that comes from K*(892) — important, but we won'’t discuss it here.

In pp environment, it is easier to reconstruct muons than electrons, so unless
stated, measurements are made with di-muon final state.

Form-factor (i.e. QCD) uncertainties in predictions of coefficients can be
reduced by changing to a set of optimised observables [Descotes-Genon et al.,
JHEP 01 (2013) 048], in which first order uncertainties cancel, i.e. more robust:

25 —S S
Py = - :A’(f2)a Py=——— P = ’ :
(1_FL) (1_FL) \/FL(l—FL)
P, = 2 Arp 7 P45 Q= S4f5=8 7 ( LHCDb definitions, see
3(1—Fy) " VIEFL(1—FL) JHEP02(2016)104])

Hard to visualise what these mean, but they can be predicted in SM, & in terms
of general NP predictions, rather well. Also very robust against detector bias !
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https://arxiv.org/abs/1207.2753
https://arxiv.org/abs/1512.04442

BY'—K'1*I-- impact of the LHC

The B factories studied B?—K*I*I with enthusiasm. Initial results, e.g. for
forward-backward asymmetry, were intriguing. But sample sizes inadequate
for firm conclusions. Situation changed with the turn-on of the LHC.

[PRL 103 (2009) 171801]
L Belle: ~250 K*I*I- candidates

50.5_-T_' ________________________
- behaviour
70 2 4 6 8 10 12 14 16 18 20

one NE q2(G o2 /02)
scenario

(NB: the J/y and g’ regions are excluded, as these ccbar resonances occur
through tree-level processes and do not probe physics we are interested in.)
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https://arxiv.org/abs/0904.0770

BY'—K'1*I-- impact of the LHC

The B factories studied B?—K*I*I with enthusiasm. Initial results, e.g. for
forward-backward asymmetry, were intriguing. But sample sizes inadequate
for firm conclusions. Situation changed with the turn-on of the LHC.

[PRL 125 (2020) 011802]

[PRL 103 (2009) 171801]

1 i -~ *|+]- i "CE 0-5_ LHCb Run 1 +2016
B_e]le. 250 K*I*I- candidates " ZAsM from ASZB +f ;
m0.5—-T—' ......... ‘ .. I @_*_ ~
T - e i .
B B 0 J/y and y(2S)
< [ e— \ SM N m@ always vetoed
O'g// behaviour -+ ’ ]
/ P ' | | | ' ‘ . LHCb: ~4600 signal candidates |
0 2 4 6 8 10 12 14 16 18 20 0.5 |
one NP 2 22 T
scenario q(GeVic) ¢? [GeV¥c*]

(NB: the J/y and g’ regions are excluded, as these ccbar resonances occur
through tree-level processes and do not probe physics we are interested in.)

Hints of non-SM behaviour in early analyses not confirmed by high-statistics
measurement (although mild tension at low g2). What about ‘optimal observables’ ?
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https://arxiv.org/abs/0904.0770
https://arxiv.org/abs/2003.04831

B’ —K*1*I and friends: the P, puzzle

The ‘optimum observable’ that has attracted most attention is PZ. A deviation at low
g?, first seen in early LHCb analysis [PRL 108 (2012) 181806], persisted with full Run 1 +
early Run 2 data set [PRL 125 (2020) 011802], & is not contradicted by other experiments.

(V) T T T T I T T T T I T T T T I T T T

SR | -
>25¢gin LHCbRun1 +2016 7
both bins [/ SM from DHMV ] ;

0.5F (4-8 GeV?) 1 1"
: ?? ] |8
oF 1B
05t 2 A l: :

0.5 = 2 1
- N + S —— 3
~1F N B ]

0 10 15
g* [GeV?/c*]

A word of caution. The SM uncertainties shown here are from one group. There
are other values on the market, and some are more conservative. Meanwhile, work
is ongoing to constrain QCD uncertainties from data, e.g. [LHCb, EPJ C77 (2017) 161].
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https://arxiv.org/abs/1112.3515
https://arxiv.org/abs/2003.04831
https://arxiv.org/abs/1612.06764
https://arxiv.org/abs/2003.04831

B’ —K*1*I and friends: the P, puzzle

The ‘optimum observable’ that has attracted most attention is P;. A deviation at low
g?, first seen in early LHCb analysis [PRL 108 (2012) 181806], persisted with full Run 1 +
early Run 2 data set [PRL 125 (2020) 011802], & is not contradicted by other experiments.

(VY L] L] L I L L] L L] I L L] L] L] I

SIS — _
H e LHCbdata o ATLAS data 1 2B+
0342
iz = Belledata © CMS data ] 22920
O
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0.5— 22' 7 ;% - |
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I . ] BRigE
- N b =
0 15

q* [GeV?/c4]

Same pattern seen by Belle and ATLAS, whereas CMS sees more SM-like
behaviour. None of these measurements are individually precise, but the overall

picture is very similar to LHCb. Does not smell like a statistical fluctuation...
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https://arxiv.org/abs/1112.3515
https://arxiv.org/abs/2003.04831
https://arxiv.org/abs/1805.04000
https://arxiv.org/abs/1710.02846
https://arxiv.org/abs/1612.05014
https://arxiv.org/abs/1512.04442

B’ —K*1*I and friends: the P, puzzle

Measurements of the same / similar observables in different channels
(e.g. B*—K™up [PRL 126 (2021) 161802], Bs—¢up [JHEP 11 (2021) 043])
although less precise, provide a qualitatively similar picture.
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https://arxiv.org/abs/2012.13241
https://arxiv.org/abs/2107.13428
https://arxiv.org/abs/2012.13241

B’ —K*1*I and friends: the P, puzzle

There is another interesting observation. All the LHC measurements are made
with dimuons, whereas the Belle result comes from dimuons and dielectrons.
Individual results are also available for each lepton final state.
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In the bin of interest it is the dimuon result that is most discrepant, although
with the small sample size there is consistency between both final states.
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https://arxiv.org/abs/1612.05014

[JHEP 06 (2014) 133]

[PRL 127 (2021) 151801]

B'—K*1*1-and friends: differential x-secs

P/ is not the only funny thing going on in b—(s,d)I*l decays.

_ B[ CSR Lattice - Data —0 1Ex]()*‘ | | : EN].CSR Lattice --Data

4 J T T T < i T T R - fegm S B A B R B —_—
> B—Kuuw 1% | BOK* LHCb 115 = B*—> K'utu T
9 LHCb 3 % — K UM 1m 3 1 &
< ! ERRY 110 8 LHCb § |
% it 1R 2 =
- 1= - {1 | X ] (o]
; ) - {1 = = ] —
< 1= L _ N 1 N

—_— - ] .
(l\l_l 7 0.05F + ._*_.— 9 : +_+_ 3 g
E 1 b — E ~ N
o 10 5 20 ) TP N E T R T %% ...§

7 [GeVYcd] 0 N~—=" 10 5 10 s %

¢ [GeVYet] ¢ [GeV?/c4]

- x 107 + . = 18 LA L B B R PR B S S RS B R
< LHCb 1o = — T 1
(\I]Q 1 . —F LHCb I :Ll E '\; 1.6 SM prediction /\b ﬁ/\ “ “ . T
Z 12 I SV (LCSR+Latice) | = m § 14 .. 3 |™
<) 10 B sM (LCSR) &) T <, e 3 |0
o S . = - = 3 o
g of [7] SM (Lattice) 5 > t_'g- . E &
= ¥ 1 -~ - 2 E -~
I~ _ = N
§ 6 05 § 3 08 + 18
? 41 = ol ? 06 1 @

r ~ i — 0.4 -
- ] S5 |Q 5 02 LHCb § |2
= s 13 T D 0 5 10 5 2loz -

2 2 4 2 2 4 \_/
q [GGV /c ] q (GeV /c ) qQ [Gev2/c4]

All measurements undershoot prediction at low g2. (BTW, all made with dimuons...)
Intriguing — but maybe the uncertainties in theory are larger than claimed ?

Can we identify an observable where the theory uncertainties are negligible ? ”


https://arxiv.org/abs/1403.8044
https://arxiv.org/abs/1403.8044
https://arxiv.org/abs/2105.14007
https://arxiv.org/abs/1503.07138
https://arxiv.org/abs/1606.04731
https://arxiv.org/abs/1509.00414

B%—K*1*1-and friends: lepton-universality tests

The cleanest way to probe these decays are with lepton-universality (LU) tests,
i.e. comparing decays with di-electrons and di-muons. Negligible theory uncertainty.

Ratios of decay rates have been measured for b—su*uy/b—se*e for ~1 < g? <
6 GeV? for both B—KI'l (R¢) and B°—K*I'l' (Rk+). In SM we expect 1 for both.
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The cleanest way to probe these decays are with lepton-universality (LU) tests,
i.e. comparing decays with di-electrons and di-muons. Negligible theory uncertainty.

Ratios of decay rates have been measured for b—su*uy/b—se*e for ~1 < g? <
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https://arxiv.org/abs/2103.11769
https://arxiv.org/abs/1705.05802

B%—K*1*1-and friends: lepton-universality tests

The rather precise R and Ry measurements have been complemented by studies
made in other modes, with lower precision, but qualitatively similar results.

B*Y - K**I*I"and B - K21~ A) - pK It
[arXiv:2110.09501] [JHEP 05 (2020) 040]
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https://arxiv.org/abs/1912.08139
https://arxiv.org/abs/2110.09501

Pulls Candidates per 10 MeV/c?

b—sl™1" lepton universality tests — more about the
measurements (with focus on Ry.) [JHEP 08 (2017) 055]

Precision is limited by size of electron sample, which is ~100 decays in bin
of measurement (muon sample is around 3-4 x larger).
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https://arxiv.org/abs/1705.05802

b—sl™1" lepton universality tests — more about the
measurements (with focus on Ry.) [JHEP 08 (2017) 055]

Isn’t measurement vulnerable to knowledge of lepton id efficiency? No, because
R+ is normalised to B’ —K*J/y (and its known J/y—I*l- obeys lepton universality)
which makes all such dependencies second order.

RK*O —

B(B°— K*u*pu™) B(B°— K*%ete™)
B0 KA TB o )| B = Koo )

Nonetheless, checks are made by measuring whether the relevant ratios for
B°—K*J/y and indeed B°—K*y(2S) are compatible with unity — they are.
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https://arxiv.org/abs/1705.05802

b—sl™1" lepton universality tests — more about the
measurements (with focus on Ry.) [JHEP 08 (2017) 055]

Measurements are made below J/y — it is the low g2 region where odd behaviour
has been seen in other studies. High g2 measurements will come in future.
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However a second Ry measurement exists at very low g2. This also is >20 low
w.r.t. SM. Interesting! However, any deviation in this region is harder to explain

by New Physics (see later), as ‘photon pole’ dominates decay process.
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https://arxiv.org/abs/1705.05802

Analysing FCNC data in context of effective field theory

The b—sl*l results can be qualitatively ‘explained’ by hypothesising that b—se*e-
largely obeys the SM, but New Physics intervenes for b—su*u- at low g2.

A more quantitative analysis can be made in context of effective field theory.

Real theory Effective theory

I';Lf

0
7 -

pt

Al = f) = (f [Hessli)

See, e.g. [Buchalla et al., Rev. Mod. Phys. 68 (1996) 1125].
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https://arxiv.org/abs/hep-ph/9512380

Analysing FCNC data in context of effective field theory

Operator product expansion:

Her o Vip Ve Y (GO; + CJO})
i

Model independent ! Expansion performed in a complete basis of four-body
operators that contribute differently to each FCNC process.

Og) o (80, Pr(r)b)F"”
05 o (57, Py b)(T0)
0!) o< (57, Prayb) (17, 50)
0\ o (5Pypb)(11)

09 o (8Prr)b)(Ls0)

Transition C7(,) Cg) Cl((;) c g,)P
b— s~ X
b— Ll X X

b— stte— X X X

C, are the Wilson coefficients. Calculable in SM, but can be affected by New Physics.
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Current status of fits to FCNC data

[Altmannshofer, Stangl, arXiv:2103.13370]

—-1.2 |

Ensemble of all FCNC data (:,8}?|?;Ler2?et:e’c?)lllxses
gives a fairly consistent picture ~1.04  with earlier results)
Best fit is inconsistent with 08+ s
SM by more than 50 ! 3 o
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uncertainties on SM S _oat— N
predictions for, e.g., Ps § g
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i
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Current status of fits to FCNC data

[Altmannshofer, Stangl, arXiv:2103.13370]
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https://arxiv.org/abs/2103.13370
https://arxiv.org/abs/1308.1501
https://arxiv.org/abs/1308.1959
https://arxiv.org/abs/1411.3161
https://arxiv.org/abs/1504.07928
https://arxiv.org/abs/1408.1627
https://arxiv.org/abs/1505.05164
https://arxiv.org/abs/1511.06024

b—(s,d)I"]": near-term experimental prospects

New experimental input is mandatory to conclude on the b—sl*l- anomalies.

* LHCb Run-2 dimuon results on Ps and other optimal observables,
and equivalent studies with dielectrons.

« LHCD full Run-2 results on Ry, measurements in different g2 regions,
and with additional modes e.g. B,—ol*I .

* Ry and Rg-results from other LHC experiments.

 Results from Belle II.

Most valuable will be theoretically clean observables that test lepton universality.

Personal opinion: even if current anomaly dissipates, the story has been very

useful for focusing attention on one of the less well understood features of the SM
(lepton universality), & also illustrating the power of a complementary ensemble of
measurements. Whatever, b—(s,d)I*I" studies are sure to remain of great interest !
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Trouble with trees: more hints of LLU violation

There is another class of
decays, b—clv, (tree level —
not a FCNC!) where there is
a stubborn longstanding
tension between data and
the SM expectation.
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Studies originally motivated by sensitivity to charged Higgs, but results do not
favour this explanation and fit better with leptoquark explanation, but requires
some ingenuity to simultaneously explain this and b—sl*l- anomaly. Tree-level
process, so this New Physics particle has to be quite light to compete with SM.

Missing energy means that measurements are ideal for B-factories, but
competitive studies have come from LHCb in a variety of channels.
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LHCDb contributions to the R(D), R(D%¥)... party

LHCb has made two measurements of
R(D*), one using muonic tau decays
[PRL 115 (2015) 159901], and one with the
T—nnmv mode [PRD 97 (2018) 072013].
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Difficult to do, as high backgrounds and
no way of isolating a really pure sample.
Use a multivariate BDT selection.

Then perform fits in different BDT bins to

estimates of g2 of lepton system and z lifetime.
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https://arxiv.org/abs/1506.08614
https://arxiv.org/abs/1711.02505

LHCDb contributions to the R(D), R(D%¥)... party

These two measurements have made an interesting contribution to overall picture...

'I" Bellel9 Bellel5

Muonic tau decays [PRL 115 (2015) 159901] £ — .
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...without landing knockout blow. They are from Run 1 data only. New results soon !

What is also interesting is that A0 A iv2201 03497 watch
proof-of-principle measurements b ATV [arXivie201. ] hie

have been performed in modes B—Jiyto  [PRL120(2018)121801]  gpgce |
which are unique to LHCb.
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‘ Conclusions

Some of the most powerful probes for New Physics, which are sensitive to the
highest mass scales, are from studies of Flavour-Changing Neutral Currents.

Very many studies are underway at the LHC, some with an intriguing status.

: - BO(s)—m*u'

The most powerful and interesting concern:
b—sl*I- transitions.

Also of interest is the tree-level process b—crtv, which has puzzled the community
for many years. Although very challenging at hadron colliders, sensitive
measurements can be performed, with much still to come from Runs 1 & 2.

In all cases, more data and more precise measurements are required.
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