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Introduction

* Interesting set of anomalies have appeared in
measurements of B decays :
— Branching fractions of several b—(s)ll processes [update 2weeks ago]
— Angular observables in B —K*Ouu [updated last year]
— Lepton-flavour universality ratios in b—clv and b—sll decays

Latter subject of a recent update that got some attention in the
community - will talk about our measurement of the LFU ratio, Ry

« Extent of discrepancies depends on theoretical issues

— Will try and highlight these issues as go through
— Some evolution here also

- B-decays of interest when well-calculable process, sensitive
to new physics can be measured...



b—sll decays

« b—sll decays involve flavour -1~
changing neutral currents — loop iy
process N |

e
. 2° |
« Best studied decay B —K*upn M\ .
e W il Kto

« Large number of observables: BF,
Acp and angular observables —
dynamics can be described by
three angles (0,, 6«, ¢) and di-u
invariant mass squared, g




Hadronic Effects
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Theoretical Foundation

 The Operator Product Expansion is the theoretical tool
that underpins rare decay measurements — rewrite SM

Lagrangian as : o ZCZ-OZ-

— “Wilson Coefficients” C,

« Describe the short distance part, can compute perturbatively in given
theory

* Integrate out the heavy degrees of freedom that can't resolve at some
scale

— “Operators” O,

« Describe the long distance, non-perturbative part involving particles
below scale

« Account for effects of strong interactions and are difficult to calculate
reliably

— Form a complete basis — can put in all operators
from NP/SM



Theoretical Foundation

 The Operator Product Expansion is the theoretical tool
that underpins rare decay measurements — rewrite SM

Lagrangian as : o ZCZ-OZ-

« Mixing between different operators : C; — C, efiective

* |n certain observables the uncertainties on the operators
cancel out — are then free from theoretical problems and
measuring the C, tells us about the heavy degrees of
freedom — independent of model



B°—-K*%uu C; and form factors

« Amplitudes that describe the B’ —~K*°.i. decay involve

— The (effective) Wilson Coefficients: C-¢ (photon),
Coe (vector), C4,°" (axial-vector)

— Seven (!) form factors — primary origin of theoretical
uncertainties
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— BFs have relatively large theoretical uncertainties



b—sll branching fractions



b—sll branching fractions

« Several b—spupu branching fractions measured at LHCDb
show some tension with predictions, particularly at low g~
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dB(B’—ou*u~ )/ dg2(107 5GeV~2¢ %)

New BF(B.—déuu) update

 LHCD recently presented updated results for

BF(Bs—¢up) :
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[LHCB-PAPER-2021-014, in prepn]

SM LCSR:

[Bharucha et al., JHEP 08 (2016) 098],
[Altmannshofer et al., EPJ C 75 (2015) 382],
[Straub, arXiv:1810.08132]

SM LCSR+Lattice:

+[Horgan et al., PRL 112 (2014) 212003],
+[Horgan et al., PoS LATTICE2014 (2015) 372]

* This 3.6c tension with SM is not yet in the fits to the

anomalies
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BF(B°—K™uu) and the narrow
width approximation

« Also not yet taken into account in such fits :
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« Potential of B~ "1~ decays as
clean probe of NP well known for
more than 30 years : BY ¢

Measuring BY—p*u-

S8
=

Dominant contribution from Z-penguin
diagram, helicity and GIM suppressed . 7!

Can get bag-factor that would
otherwise dominant theory uncertainty
from data

Theoretically pristine, precise
p red i Cti O n S fo r B FS : ABSTRACT. Using the ARGUS detector at the e*e™ storage ring DORIS II,

we have studied the colour-suppressed decays B — J/y X and B — ¢' X. We

O _ _9 find the inclusive branching ratios for these two channels to be (1.07 + 0.16 +
B F ( B > “M)_ (3 66 + O 2 3) X 1 O 0.19)% and (0.46 % 0.17 + 0.11)% respectively. From a sample of reconstruc-
S - - " ted exclusive events the masses of the B’ and B* mesons are determined to be

(5279.5 + 1.6 + 3.0) MeV/c® and (5278.5 + 1.8 + 3.0) MeV/c” respectively. Bran-

BF(B,—pu)=(1.06%=0.09) x 10-10
BF can be altered by modification of -
C 4, or new scalar or pseudoscalar v
contribution (Cs p)
Major constraint on high tan g SUSY 12

Table 2 Upper limits for exclusive dilep-
ton decays.




New B—pu*u~ measurement

LHCDb search for with full Run 2 data released 23 March :
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Search for BO—>H!_,L

« Combined with results from ATLAS (2018) and CMS (2019)
« Results compatible with SM at 2c level [arXiv:2103.13370]

ATLAS 218
""" CMS 2019
-= LHCD 2021
= full comb.
adl==" Gaussian comb.
%  SM prediction

x10-4
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B°—K*°uu angular analysis
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B°—K*°uu angular analysis

* Try to use observables where theoretical uncertainties
cancel e.g. Forward-backward asymmetry A5 of 0, distn

P N .
I ] . _j
04 - ) J/¢(1|S) ‘tr/ee level b — ccs

”

wilrQS)

U/

Cé/) and 01(/0)

Long distance

contributions from CC
above open charm
threshold

—>¢°

dimuon invariant mass squared, g2
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Form-factor independent obs.

« Atlow and high g4, (leading order) relations between the
various form factors allow a number of form-factor
“independent” observables to be constructed

« E.g.in the region 1<qg“<6 GeV/?, relations reduce the
seven form-factors to just two — allows to form quantities
like

Pé ~ Re(AéAf —AgAi*)
V/ UAGIZHIAG ) (|AL 12+ AR 2+ Af 2+ AF|2)

which are form-factor independent at leading order

* In fact, can form a complete basis (P! series) in which
there are six form-factor independent and two form-
factor dependent observables (F| and Arg)
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The P anomaly

 Run 1 data showed form-factor “independent” P5’
observable has a local discrepancy in two bins —
(subsequently confirmed by Belle)

e pHCD .
A" f ' ' N\ NGO
B LHCb 7 10 [
0'5:][— SM from DHMV . |
()_ —1— - B= 00F - ll‘ .
osE —+_ - | Lf
i —+— —+— ,_+_E 1.0
T s e s 5 f o
¢ [GeV¥c] ¢* |GeV?/c?]
[JHEP 02 (2016) 104] [PRL 118 (2017) 111801]
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The P; anomaly

Run 1 data showed form-factor “independent” Ps’
observable has a local discrepancy in two bins —
(subsequently confirmed by Belle)

Also measurements by ATLAS and CMS

1F T * " DR e
- « LHCbdata o ATLAS data
5 ]_ = Belledata © CMS data i
0.5 —# || SM from DHMV ]
:Lf <!> ] SM from ASZB ]
o | i ! i
N | L 1
o T N+ WEE [JHEP 02 (2016) 104]
 EE L T T TS [PRL 118 (2017) 111801]
I B Fa e '2"' [ATLAS-CONF-2017-023]
i [5eV o] [arXiv:1710.02846]
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“Global’ fits

« Several theory groups have

interpreted results by 20 —
performing fits to b—sp data cms

1.5 - — LHCb
BR only
— all

« Consistent picture, tensions

solved simultaneously by a &
modified vector coupling 2 o
(ACq !=0) at >3c but |
discussion of residual \
hadronic uncertainties (...) RN
-15 T '\ T T T T

Re CY?



B°—K*Oun angular analysis

 Published updated analysis adding 2016 data to Run | ana.

— Double dataset cf previous analysis
— Analysis of remaining Run Il data in progress (further doubling)
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LHCD
2 L)

« Vast majority of observables in agreement with SM predns,
giving some confidence in theory control of form-factors



B°—K*%un angular analysis

[PRL 125 (2020) 011802]
« Ps continues to show significant discrepancy wrt SM
prediction

« Coherence between observables improved cf Run |
analysis — tension with SM in angular analysis alone 3.3c
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B*—K**uu angular analysis

« Angular analysis now performed for analogous K** decay
mode with K** K "

« Lower statistics but message is identical — in this decay
tension with SM is 3.1c
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Could the SM predn be wrong?

« Largest individual uncertainty on Py’
from cc-loop effects

« Theorists have looked critically at their
predictions — O, , operators have a
component that could mimic a NP effect

~ 71 NP fit (posterior LLH2)
LHCD 2015
B — K",

in Co through cc loop osI\ =i )

0.4f

« Parameterisation to theory
and auxiliary data to try and
determine cc effect

—04}

—0.8F

0 2 4 6 8 10 12 1



What if SM predn are correct?

Need a new vector contribution — adjusts C, Wilson
Coefficient; CoNP=-C, N (V-A) also considered (...)

Difficult to generate in SUSY models :

| _ [arXiv:1308.1501]
‘[Co remains] SM-like throughout

the viable MSSM parameter *U* v v
space, even if we allow for
completely generic flavour W

mixing in the squark section” : é"’ :
(but recent publicity has seen some resurrectlon)

Models with composite Higgs/UED have same problem

Could generate observed deviation with a Z’ or LQ
25



Lepton Universality Ratios
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Lepton Universality Ratios

In the SM couplings of gauge bosons to leptons are
independent of lepton flavour

Branching fractions differ only by phase space and helicity-
suppressed contributions
B(B — KW ptp~) su

Ratios of the form: Rr,.., = ~ ]
K™ B(B — KMete)

— free from QCD uncertainties affecting other observables
— O(107%) uncertainty [JHEPO7 (2007) 040]

— Up to O(1%) QED corrections [EPJC76 (2016) 8,440]

— Any significant deviation is a smoking gun for New Physics

27



b—clv LFU ratios

* Afurther anomaly is seen in LFU ratios with semileptonic
b—clv decays

— Tree-level processes in SM — requires a huge NP effect,
comparable with the SM amplitude

— Drives idea of hierarchical effect: large NP effect in t, smaller in
u where have measured b—spup decays and little/no effect in e
modes

— Theorists claim it is possible to make a NP explanation, coherent
with b—spup

— Good theoretical control due to factorisation of hadronic and
leptonic parts — then theoretically pristine quantity e.g. in case of
b—clv transition,

4
B(5° - DWr-7,) ~ 5,

_ w/
B(B® - DM4~,)

4

R(D(*)) =

28



Fit to b—clv LFU ratios

« Combination of LHCDb results with those from Babar/Belle

« World average value SM predictions shows a 3.1c tension —
very recent updates to SM theory from lattice

N . ]
e N HFLAV average sz = 1.0 contours ]
0.4 -
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= BaBarl2 i
0.35 __ 30 __
E LHCb18 il
TS,
0.25 [ ' Belle19 Bellel5 =
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02+ + Average of SM predictions HFLAV
B R(D) = 0.299 +0.003 |_Spring 2019 | 7
B | IR(D*) =0.258 +0.005 | IP(XZ) —27% ]

0.2 0.3 0.4 0.5

R(D)

* (Rp,Rp+) update from LHCb coming; CMS... ?
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b—sll LFU ratios
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Despite ~2.56 consistency with
SM, measured values have
generated some excitement —
are precisely what would result
from ACy*=0, ACgH= -1

l.e. could account for angular
data, BFs and Rk ratios by
changing only Cg*
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Rk LFU ratio update

Recently updated Rx measurement in 1.1<q?<6.0 GeV/?/c*
region,
6.0 GeV? dB(BJf%Kﬂﬁ/f)dqz

~J1.1 Gev? dg?
K 6.0GeV? dB(B+—K+ete ) 4 o
1.1 GeV? dq2 q

Previous measurement used 5fb"' data from Run1, 2015,16

Update adds 4fb~' from 2017 and 2018, given cross-section
difference effectively doubles number of B decays

Measurement strategy identical to our previous analysis
31



Rk Experimental challenge

« Primary difficult of analysis, controlling the differences
between the electron and muon efficiencies

« Electrons lose a large fraction of their energy through
Bremsstrahlung in detector material

— Most e* will emit one energetic Magnet ECAL
photon before magnet
— Look for photon clusters in Y E’
the calorimeter (E; > 75 MeV) - :
compatible with e* direction Upstream [ =7 , Downstream
before magnet /.////;\ ~e.

— Recover brem. energy loss by ef / \\:‘
“adding” the cluster energy back N E,

to the e* momentum

32



Rk Experimental challenge

« Even after the Bremsstrahlung recovery electrons still have
degraded mass and g resolution

& 350F &
STk LHCb RS LHCb
7, 300 —— Data ~ 100F —— Data
> : —— Total fit > \ —— Total fit
= 250F <+ 80
o S Total Ry = 1 & RN N Ly e Total Ry =1
w200 P T e B'— K*utu~ = o0 TE Y B*— K'e*e
% 5 - Combinatorial E) B Part. Reco.
= ! 0; S 4ol Bl B J/ y(ete )K*
S 100F S - Combinatorial
St =
S0F O 20F

)

PR T B B O L L L L 1 Pl on
5200 5300 5400 5500 5600 5000 5500 6000
m(K*utu~) [MeV/c?] m(K*e*e™) [MeV/c?]

* LO calorimeter trigger requires higher thresholds than LO
muon trigger, due to high occupancy

— Use three exclusive trigger categories for e+e— final
states: e™ from signal-B; K* from signal-B; rest of event

 Particle ID and tracking efficiency larger for u= than e~ 33



Ry« Analysis Strategy

Exploit double ratio wrt equivalent J/\v decay modes in
order to cancel experimental systematic uncertainties

P B(BT — KTutp™) B(BT — KTete™)
T B(BY = KTJjp(utu))/ B(BY — KTJjp(ete™))
rare J/w J/w rar
_ NN+H_€M+M_ > Ne+e_8eiee_
B I/ J/ P * Kt/ ‘ v
NM/Jru—gfjfZ— N;ige— €e+e_ BT — KT J/y(1S)(¢ /‘)

BT — KT(2S)(0¢7)

— Measurement then statistically dominated <
— Rare and J/\v modes share identical T

selections apart from cut on g? BY = K+
— Yields determined from a fit to the invariant
mass of the final state particles [4m()’] -

— Efficiencies computed using simulation that

IS calibrated with control channels in data
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Ry selection and backgrounds

Particle ID and mass vetoes used to suppress peaking
bkgrds from exclusive B-decays to negligible levels e.g.
— B*—DOo(—K*ev)e*v : cut on my..- > mpg

— B—Km*(—e*)mm (—e"): cut on electron PID

BDT to reduce combinatorial bkgrds

Residual bkgrds suppressed by choice of m(K*I"”) window

- B*— K'J/y(e'e) T2 P 310’
— Partially reconstructed dominated by Z:zo 10*
B—K'me'e” decays w -
Constrain fractions between trigger 0
categories and calibrate simulated 5 y

templates using data

0 sve )
46 48 50 52 54 56 58 60
m(K*ete) [GeV/c?)

Check estimates using data control regions, altering fitted
regions
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Efficiency calibration

« Simulation is calibrated based on control data for the
following quantities:
— Trigger efficiency
— Particle identification efficiency
— B* kinematics
— Resolutions of g? and m(K*e*e")

Verify procedure through host of cross-checks

 Qverall effect of these calibrations is a relative shift of
the Ry result by (+3+1)% [would be 20% without the
double ratio method]

36



[y, Cross-check

Test control of the absolute scale of the efficiencies by
iInstead measuring the single ratio,

. _ BB o K [y(ptpn))

T B(BT = K J/y(ete))

where we do not benefit from the double ratio cancellation

ry, measured to be lepton universal at 0.4% level

Measure r,, = 0.981£0.020 (stat+syst)

— compatible with unity for new and previous datasets and in all
trigger samples

— result is independent of the decay kinematics

— binning in quantities that would expect bremsstrahlung and trigger
to depend on see completely uniform result
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Candidates (arbitrary units)

Candidates (arbitrary units)
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Differential r,, cross-check
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Differential r,, cross-check

* Also testr,,, in 2D bins

Bt — Ktete™ BT — Jp(ete  )KT

/\_} = 0.30r
2 I & LHCb
\:/ L1 LHCb E 025 simulation
= - i
— + E)/ 0.20 3 N 16
+, T 3 AL
.............................................................. + +++++ 0.15F \\\\\E\s\{l‘?‘?\:\\k\:
+ 0.10 N AN

09 0.05

C | | | | | | | | | | | | | | | P N —
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 0.00 4.0 4.5 5.0 55

max(p(l")), p(I")) x a(l”, I") bin number logm(max(p( [, pl)))
* Flatness of 2D r,, plots gives confidence that
efficiencies understood across entire phase-space

 |f take departure from flatness as genuine rather

than fluctuations bias expected on R, is 0.1%
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Systematic uncertainties

Dominant sources: ~ 1%

— Choice of fit model
« Associated signal and partially reconstructed background shape

— Statistics of calibration samples

« Bootstrapping method that takes into account correlations between
calibration samples and final measurement

Sub-dominant sources: ~ 0.1%

— Efficiency calibration
» Dependence on tag definition and trigger biases
* Precision of the g and m(K*e*e”) smearing factors
» Inaccuracies in material description in simulation

Total relative systematic of 1.5% in the final Ry

measurement — uncert. stat. dominated by factor ~3 10



Extracting Ry

* Ry is extracted as a parameter from an unbinned
maximum likelihood fit to m(K*u*u~) and m(K'e*e")
distributions in B*—K*I*I~ and B*—J/y(I*I")K* decays

_ —~ 240
L O00F LHCb U 20| LHCb
> f —— Data 9 fb! 2, 200 fiy — Data 9 b
L 500 . N —— Total fi
S C — Total fit = 180 otal fit

' + I ~O L IrsY t_s Ko+
D400:— ------ BeK""u‘u g 160 B+ K€€+ .
> Combinatorial = 140 B B —J/ y(ete)K
ﬂ_,; 300 % 120 B Part. Reco.
k| = 100 g Combinatorial
g 200F +utu = : +tete—
S N(KTu*Tu~—) ~ 3850 = 3 N(KTeTe™) ~ 1640
© 100 S :

B
i"
A

== 1 1

0 5200

PR = | | L ! ! G a7 T Ok 3 ket e
5300 5400 5500 5600 5000 5500 6000
m(K*u*u~) [MeV/c?] m(K*ete™) [MeV/c?]

« Correlated uncertainties on efficiency ratios included as
multivariate constraint in likelihood
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Ry result

Rk with full Run1 and Run2 dataset

Rk = 0.846 Tg3g (stat) Tg o1 (syst)

Compatibility with the SM obtained by B

integrating the profiled likelihood as a
function of R, above 1

p-value under SM hypothesis: 0.0010
— Evidence of LFU violation at 3.1c

Paper submitted to Nature Physics

BaBar

0.1 < ¢*><8.12GeV¥c*
[PRD86032012]

Belle
q

Profile of —In( L/ L. )

: e .

N 10< ¢><6.0GeV/c*

: [JHEP03(2021)105]

LHCbO fb!
——i H 1.1 < ¢*<6.0GeV/c

: [LHCbL{PAPER-ZOZI -004]
L N

1 1.5

RK
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Derived quantities

« Use Ry and previous measurement of B(B* K 'u*"u")
[JHEP06(2014)133] to determine B(B*—K'e*e")

dB(B+:§§+e+G_) — (28.6 T1-2(stat) 4 1.4(syst)) x 107° c*/ GeVZ.

e i B
S LHCDb B SM prediction

—=— clectrons 9fb™! ]

* As previously,
suggests electrons are
more SM-like than
muons — plays into
hierarchical idea
favoured by theory

Community 00—""%"'-110--..1|5,..l2|0ll-
g* [GeV?/c*]

<1
—e— muons  3fb —

dB/dg? [10® x ¢*%GeV?]
|
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Global fits revisited
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Global fits revisited

Using just the theoretically pristine observables, Ry, Rg-
and BF(B—puu), that no one argues about predictions for,

exclude SM at 4o level _
[arXiv:2103.12738]

4
3 g
2
” ; Many, many
o 1| e alternative fits on
) = P . .’
S market e.g.
............... [arXiv:2104.0892,
-1 S arXiv:2103.13370
_2 ]
-3
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A glimpse of the future — P

« Can make ratio of P5'(e) and P5' (1) — Qs

« Thus far, only done by Belle — full angular analysis of
BY—~K*ee in progress at LHCb

10 1%

¢ [GeV? /e?)
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A glimpse of the future — B —>K*upn

~ 300 T T
- < __F LHCb |
» Measure the effect of c€ loops  S2s0p |
§ 20()2— —— total {
« Atlow g?, ACo(g?) term arises E o I

mainly from interference rare

decay and Jhy z
5 O |
« Measure phase of interference 5‘5(’" 000 2000 3000 1000 N
by fitting differential rate (and o [Mewc]
angles) %2505_ LHCb E
_ é) 200E — o
* LHCDb has performed such a fit 2 | —-w
for B* K 'y~ [EJPC (2017) T ppp  wiw
77:161], considerably more 5_,2 Soi‘v"/q iy
0_,K*0 =R i 4
complex for B" K" but 5 0 —
principle the same S oo 500000000

mys; [MeV/c?] 48



A glimpse of the future — BelleZ

SR(K)

“So when can Belle Il confirm R,?”

Belle has analysed the full dataset (R, and R,.).

Safe answer: 20 ab~! to get to the same size error bars.

Unsafe answer: ~5 ish years.

0.3

0.25

0.2

0.15

0.1

0.05

:  BelleN2019

= Projections for R(K)- -
- L €(0.1,4.0) GeV?
- o? €(4.0,8.12) GeV*

25 14.18 GeV*
e

10
Integrated Luminosity (ab™)

SR(K*)

0.6

0.5

0.4

0.3

0.2

0.1

SRR AR DR NRNALN DL

| Bellenz019
~+Projections-for-R{K*) -+

»- G €(0.045,1.1) GeV?®

- g2 €(1.1,6.0) GeV?
-2 €(15.0,19.0) GeV?

FEETEIPr —f—— —2 B PP CE PP PR PPy Seeege 2‘” . ”j . ﬂj, .
-e=q° > 0.045 GeV": @
o, : : : I
Vg, : : P
", : : P
s 'Y : : : F
L - ; : : I
l”.ri)zll. L4 - . ¥ i s TR
Y wa T
- ’1.’.'.,'111..'.‘1.: :
1Y Y. L o
A .l.u.,.,.'z.'.':. b4 :
P : ‘ -
Pl i i i1

10
Integrated Luminosity (ab™)
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Model Building

« Anomalies can be explained by invoking Z' or LQ —
majority of theorists seem to prefer LQ

— Natural suppression of large effects on AF=2 B-mixing

— 3rd gen. LQ are also in better shape wrt direct searches

e \Wh |Ch LQ’? Model Ri) | Rot || Rk & Rpe) b H b T
S5 = (3, 1)_1/3 X v X +2/3 +2/3
51 Re=(3,2)7/6 X v X 1 !
55 = (3, 3)_1/3 v X X
Ul = (3, 1)2/3 v v v .
Loty = (3,3)ys | v # p — LQ of the Pati-Salam gauge group:
Angelescu, Becirevic, DAF, Sumensari [1808.08179] SU(4)XSU(2)LXSU(2)R
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Implications for direct searches

Invoking only the LQ, U, and fitting all low-energy data
enables a description of present data which is fully
consistent with high-p searches [arxiv:2101.11626]

Q) would then be within the reach of HL-LHC

440-1 LI I L l T 1T 17T I T 1T 17T I L I\l l IIIIIIII I T T 1 1 4.0-1 T 1T I LB l L I | I N L I L l L I I T 1T I | B B 7
SO < ] i
358 B @ F 4 3.5/ B
z B & ] 5 -
300 B2 = & - 30 © = B
: — - - S 1
C = =5 QQ)'. ] C B om = 1
S : L g = : ]
245:' =5 ? -] 2.5_—- = £ N\Q’g@ =
- K ] = = >
20f & : 20 1 1 a :
gu <UL A ] gu <-VE & o ]
: 3> ] - &
5L A K £ E:
: 0 i 1.5[
B ] r -3
1.0 By 1.0 ,L\?,Te\'?’ab Y]
C ] L T ]
0.5 - 0.5 ) i
- ] i with RH curr
OAO:I 11 1 I L1 11 l | Sl N | I 11 1 1 I 11 1 | ] 1111 I 111 1 l L1 1 I: 0'0:1 111 I 11 1 1 l 11 1 | I 11 1 1 I 11 1 l | I - l 11 1 1 I 11 1 I:
10 15 20 25 30 35 40 45 50 10 15 20 25 30 35 40 45 50
My [TeV] My [TeV]
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A plug...
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LHCb Upgrade Il: R&D Progress

Future major upgrade of the experiment, mainly for LS4 (~2030)
— with some preparatory work in LS3 (~2025)
Innovative Technology: precision timing, novel sensors,
heterogeneous computing

ex

Vertex Detector (VELO)
=

45 rad

D r E
Electromagnetic Calorimetry P o~
system
S =2 Sl m”wm“:.:;moﬂij
= ) =)
PMT 2 PMT "s“ GPUHTY) ] 70-200
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LHCDb Upgrade Il : Opportunities

« Strong Support
— LHCC - Expression of interest (2017), Physics Case (2018)
— Strong support in European Strategy (2020)
— Framework Technical Design Report in preparation

« Applications from new groups actively encouraged

— Maijor project after construction timescale of
ATLAS/CMS/DUNE/Hyper-K

— Technical Associate membership: physics on other
experiments while pursuing R&D on LHCDb

— Synergy with future projects (EIC, FCC, CEPC...) many “firsts”

« Rad. hard CMOS detector « Hadron PID with fast timing
« Small pixel precision timing vertex ¢ Cryogenic cooled SiPMs
detector  GPU based triggering

« ECAL with precision timing o =



Conclusions

56



Conclusions

Interesting set of anomalies observed in B decays

Near-term updates should clarify the situation and can
help constrain some of the theoretical issues

Wide range of new measurements will be added to
broaden the constraints on the underlying physics

At LHCb, Run-3,4 dataset will give ~50fb-" cf the 9fb-"
results have shown today; beyond that hope to collect
300fb-" at a further LHCb upgrade
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