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Setting the scene

THE (QUARK) FLAVOR SECTOR

e

Sauge mathematically

[ " elegant symmetries

® Lgauge has huge flavor-degeneracy between the 3 generations.
o Global symmetry: U(1) x U(1)p x U(1)y x U(3)%.

o Flavor-degeneracy is massively broken by the
Higgs Yukawas resulting in strong hierarchy
171200 in quark masses.
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CKM matrix

CKM MATRIX AND CP VIOLATION

d Vud Vus Vub d

s = Vg Vs Vi s e 10 SM parameters in

V') ass Via Vis Vo) \b/ gayor the quark sector: 6
B&,)-E[()S) mixing, AF = 2 ,J |_> semileptollic quark masses, 3+1
rare B decays, AF = 1 ui = ;v CKM parameters.

1—22/2 A AX3(p —in)
Vexkum = A 1—2?/2 AN? e Strong hierarchy. Weak

3 — —1 — 2 o« .
AN (L= p—in) A 1 mixing between
Wolfenstein '83 .
A~ 0.22; Alp+inl~1 generations.

e Single phase (= +) in V,; only source of CP violation in the SM.

e Unitarity of Vo six unitarity VapVua + Vi Vea + VigVia = 0

triangles AN (1~ p— i)
—

o b—d: “the” UT.
—AN3
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g the scene The UT

GLOBAL FITS SITUATION oree
Nufit
1.0 oM & Amg 7]
05 Amd |
I 00 — y ) \\
Mo s 0o 05 1 n o K T :.ii:‘;{;‘;]zn
P 1995 P 202
o Tremendous success of the CKM paradigm from B-factories.
o Largest CPV observed in beauty, but also in strange and charm.
e Baryogengesis problem remains: probe CPV in very rare processes.
o Leptogenesis: CPV in neutrino mixing? Unlike Vokw, seems to

have strong mixing.
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http://ckmfitter.in2p3.fr/
http://www.utfit.org/UTfit/
http://www.nu-fit.org/

FLAVOR AS A DISCOVERY TOOL

Energy (GeV) . e - -
10 || e e Long history of ﬂa\{or as an “indirect” probe
106 | GuT for new heavy particles:
" — weak nuclear § decay = heavy W/Z
Q
& KY — p"u~ GIM suppression = charm

— B%mixing at ARGUS = heavy top

SM-like B(B? — p ™) at the LHC = tight
limits on MSSM /SUSY

LHC =103 | Weak

All of

known

physics . ..

e Even if Axp > TeV, precision flavor can
s Solar System “ s .
1048 | Gravity probe the “desert” via rare loop-mediated
[J. Hewett, LISHEP0Y] processes.
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The machines

ete” VS pp COLLIDERS

ATLAS

EXPERIMENT

CNiS |

Running at ete™ — 7(4S) — BB. Low background,
€trigger ~ 100%. O(10%)B%*=. Bellell — O(10'9).

Excellent for electrons, neutrals, neutrinos, inclusive
and flavor-tagging power.

010 BY () Upgradell — x100. Busy

environment, initial partonic 4-mom unknown.

Excellent for exclusive muonic/hadronic modes,
PID, vertexing, all b-hadron species (A, BY, Bf...)

(9(1012) (s ) , but very high background. No PID.

Excellent tracking. Limited b-trigger (low pr)
bandwidth; “B-parking” at CMS (10'° b-hadron
pairs triggered just in 2018).
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ete” VS pp COLLIDERS: SAMPLE EVENTS

pp _’XstoX ete” _)B;ag s_ig
B) - ptp~ B~ - p'py,

LHC

pp collisions have background
from bb hadronization,
underlying event, and pileup

B-factories

Clean e*e™ collisions only
produce two B mesons
(for the most part)

e Triggering is the key at LHCb. L0 (hardware) trigger removed in
Upgrade Ia (Run3) = flexible software (GPU+CPU) trigger.
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VERTEXING AT LHCB

pp — X,B)X
B) - ptp”

o At LHC, thanks to the boost, b-hadrons fly ~ cm. VELO closes in
~ 5 mm to the beamline = o; ~ 45 fs.

e Can resolve 7 — 37(v) vertex from the mother b-vertex in b — crv.
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|
SELECTED PHYSICS RESULTS

Semileptonic b-hadron decays $

“b-anomalies”
Rare b-hadron decays Q

oY l

Not covered today

Ukeme
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|
SELECTED PHYSICS RESULTS

Semileptonic b-hadron decays &

“b-anomalies”

+
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V| and |V
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|Vub| and |V, | tensions

|Vap| AND |Vip|: FLAGSHIP SM VARIABLES

o V. play critical roles in the unitarity test of Voxwm.

Vo jgassasesssus MK
) C 7%
1- %)\2 A A)‘s (P - ”7) 10— % Amy & Amg
-2 1-1x AN |V ~0.04 - sin2p ]
05— -
AN(1—p—in —AX 1 o 7% A
/4 1= 00 / - :

€K X |‘/Cb| I8 Vi s o g
0.5 — -
Unitarity . ]
Triangle Vb A0f v &
g Vol Coxdyn " e Y £

|‘/Cb| 1.5 L AN Ll l

-1.0 0.5 0.0 0.5 1.0

@ sin2f (loop) known to better than 2%. Side opposite is |Vip|/|Veb|-

* 2
e Rare FCNC processes oc |V [%] = theory uncertainty.
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|Vub| and |V, | tensions

|Vab| AND |Vip|: PROCEDURES AND TENSIONS

o Leptonic BI . = TTv,: theoretically clean, experimentally hard.

4 > q x ° Xu,c 1s exclusive {7, p,w, D™ _}. Or
B b & Viueyp we inclusive sum of states.

-
. w _ (LH e Different theory inputs: OPE
semileptonic 7] i . .
(inclusive) and FFs (exclusive)
. . o 48F T T T T RE
o Exclusive systematically lower than S 46l 3
inclusive for both |Vy,| and |Vep| by o5 Wy }w L
4; I mFLAv Average N E
~ 5-10%. : / ;
3.8E / E
3.6:— j’/‘JL _E
o QCD effects, experimental issues with ¢ E
the normalizations, or NP? 3Elong standing B -
28F~ 3<TI tensio‘n | | e E
36 38 40

42 44
IV, [10%]
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AN RSN LB E Hadronic tagging

TO TAG OR NOT TO TAG @ B-FACTORIES
e ete  /pp — bb — Bgig Xp: use information on “other” b or not.

e B(B — X.l"vy) ~ 10%. Dominant statistics, but at least one
missing neutrino = hadronic tagging at e™e™ machines.

O(10%) modes [PRL 123, 091801 (2019)]

. / f+Dat‘a B = D7, ] LOW €,0 but
had Signal ¢  BaBar -
o > mBkgd ! clean sample.
Biag Biig = 400 2] ]
< T(4S) e B = N )
P \ £ )=l USP: excellent p,
\ [ | 1, a
> 200 — A Far o a1lar
\ @ Y reco for angular
— *
A vy < < repQ
Seed(D), J/p) [ et A W CENVEC
' -01_ 0 01
Algorithms: Cut-based (BABAR), NN E, — P,

(Belle), GBDT-based FEI (Belle(II))
e BF measurements need normalization/control mode. Ensuring that
€tag cancels between signal /norm modes is challenging.
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https://doi.org/10.1016/j.nima.2011.06.008
https://link.springer.com/article/10.1007/s41781-019-0021-8

AZBN S RSN EE B — D, tagged BABAR

|Vep| FROM TAGGED B — DU Ty [2311.15071] (<> PRD)

-k

@ BGL z-expansion fit to B — D form-factors ’* “= Pi(2)¢i(2) ==, In®
f+ and fo (— lattice, time-like) i o [l

e First unbinned non-extended ML 2d fits (cos )y, ¢*) to BABAR +
FNAL/MILC. dI'/dq? from Belle-16 optionally included.

[frate]pp
o I - Ven from
“/;b |2 ‘ ¢ ’ F,TB
2500 First t‘imc }, NB‘GL =2
5 200 Show”gﬁﬁﬁ 4oof %fﬁ;# E hadronic tagged |Vc b|excl % 103
£ Josin 02l % Belle-16 B (B — D BGL) | 41.02+0.88 €tag
2 100 é5++nau(bk§d.sublmctgd) m BABAR-10 B (B — D BGL) 38.78 £ 1.11 Tlorln?.
507_9; #BGL—mlgmm sim. w’{ BABAR-19 (B — D* BGL) 38.36 £0.90 1ssue!
0! ! ! -

-1 -05 0.5 1

0
cos 6
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https://arxiv.org/abs/2311.15071
https://arxiv.org/abs/hep-ph/9508211
https://arxiv.org/abs/1503.07237
https://arxiv.org/abs/1510.03657

B = D, tagged Bellell
|Ve| FROM UNTAGGED B — DU 7, [2210.13143]

e 2019-21(189.2/fb) Bellell data: D* — K- a7t and D° — K=+,

2ELE, —m% —m?
2pppy

Y = [D{]yis and my > 3GeV cosfpy =

cm frame

5 Belle Il Preliminary [cdt=189.2fb! Belle Il Preliminary [rdt=189.2fb!
-

- BYD-e*v,
Pre-Fit

_w(g?) from
=" average

BYD"e*v,
Post-Fit

average

cosBgy

L 10 11 12 13 14 15 -4 3 2 0 B NSlg ~ 100k’
e From N = 3 BGL fit, |V p| = (38.53 4+ 1.15) x 1073
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https://arxiv.org/pdf/2210.13143.pdf

AN RAANR TS B — D*, tagged BABAR

4D UNBINNED ANGULAR ANALYSIS [PRL123, 091801 (2019)]
e Unbinned 4d BGL FF fit, using h 4, (1) from FNAL/MILC-14.

4d problem A w+1, L HQET FFs

1= ——T Aq
{q279550V7X} 2
> A — Tha, +ha; _ Roha,
2= ! = '
hy Rihy
/ 2 - = _- 1
ey - dq2dQ x Z L)) V = o =0

m{b’c} — 0OQ, h{A1,A3,V} — C(w), hA2 —0

[Vep| = (38.36 £ 0.90)x1073 o
14—

Rl(l) ~ 1.3 zero-recoil point/ -

- 1.2

..~~— BGL BaBar [
Ro(1) ~ 1.0 N 7" _cinBagar 09
1t —— CLN WA
- CLN'97'
— Update in progress 1 12 14 ) 12 14

w
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https://arxiv.org/abs/1903.10002
https://arxiv.org/abs/1403.0635

Inclusive b = u, Belle tagged
SIMULTANEOUS INCL-+EXCL |Vyp|

— B —mlv

v
Vi
ul

e,

[ 2 ‘
E, (Gev)

~ 0.84 £0.04, ~ 3.70 tension w/SM

exp. Fy cut ruins
OPE = need
non-perturb.
shape info

: “BLNP-GGOU-SIMBA-DGE-ADFR”

[PRL131, 211801 (2023)]

Global fits prefer exclusive
% - iié".,"ep" aver. 03 wio |V, |
incl.

Mo =1 Ne=2

XUndf = 13.8/24-3)

2500
Neez3 igh e 48
2000 = 4l v Eorw
[}
~
150 4,
=)
x —
1000 = =
2 ]
£ S
g =
s00 W T
2
= 38
36

Q
@ ¢
<

c,Eg_>1

© Bom'tv  ZEI Comb.n®* fit
- Belle (GGOU)

D4

» g ,
>'\(1.97j:().12’

ot

L]

HFLAV (incl. GGOU) ]

{Belle
{had. tag
1lower
than :
Vap! lwa

TN

g #<#< BDT: reduce X (v

34 . . . . . . .
300 325 350 375 400 425 450 475 500
Excl. |Vyp| - 103

thrust cut: improve wfv
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https://arxiv.org/pdf/2303.17309.pdf

BZ = De”, LHCb
*)—
‘Vcb‘ FROM Bg — Dg ) ,UJ+I/M [PRD 101, 072004 (2020)]

o LHCb can leverage |Vyp| from AP and BY, inaccessible at Belle(I).
[Not covered today: AY — pu~ v, A) — Afp"v,.]

e Neutrino(s) accessible upto 2-fold ambiguity. Key discriminant is:
Meor: = \/m2 D7)+ p2 (D) ) + pu (DY ).

e Additionally, p | (DE:)) ) found to be sensitive to decay kinematics.

o Uses BY = D™~ yuFy, as the control modes (Run 1, 3/fb).

x10° x10°

sE Bopgty, | FLLHCH] '
8 b B0, iz [Veplon = (41.4 £ 0.6(stat) = 0.9(syst)
3 55 E[JPhys. bkg. ER
S Flcomb i g + 1.2(ext)) x 1073,
2 g
g |Veolaar = (42.3 + 0.8(stat) =+ 0.9(syst)
B 10 g
S s & + 1.2(ext)) x 1073,

0

4 4.5 5 55 S5
M [GeVIE?] 2d fit P (DD [GeVe]
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.101.072004
http://arxiv.org/abs/1504.01568
http://arxiv.org/abs/1709.01920

|Vub| and |V, | tensions

OUTLOOK FOR. |V |

e Many new results from LHCb/Belle(II) + legacy results from
BABAR.

@ Issue still unresolved. Several outstanding issues:

o |Vep|*! from the B — D™)¢~ 7, needs to match (robustly).

e New FNAL/MILC, HPQCD, JLQCD lattice B — D* FFs show internal
disagreements.

o The B(B — X £~ 7;) measurement for |Ve,|""! is from 2010’s.
Needs to be updated.

o For tagging, the assumption of ens being independent of the
signal-side needs to be better validated.

e “Tensions” (aka QCD) remain. What would it take to move to
“anomaly” (aka NP)?
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https://arxiv.org/abs/2105.14019
https://arxiv.org/abs/2304.03137
https://arxiv.org/abs/2306.05657

b— cT U
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LFUV in b — c7

LEPTON FLAVOR UNIVERSALITY VIOLATION (LFUV)

SM: same electroweak
couplings to all lepton gen.

w/w<,ﬂ
wAﬂﬁ<e,”’r
U,U, U

’ﬂ

o If NP is CKM-like, will prefer
to couple to the 2nd and 3rd

generations.
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To 0.28% in
Z decays

To 0.8% in
W decays

To 0.2% in
meson decays

To 0.14% in
T fw

I,
_Z7M 1,000 + 0.0028

Z—ee LEP, Phys. Rept. 427 (2006) 257
BW
BW=e) _ 004+ 0.008
Q(W - ”V) CDF + LHC, JPG: NPP. 46, 2 (2019)
FJ/w—wt

= 1.0016 + 0.0031

Jhy—ee  PDG (BESIII), RPP. Chin_Phys. C40 (2016) 100001

r
T2 _ (1234 % 0.003) X 10~
F,,_,m, PiENu, Phys. Rev. Lett, 115, 071801 (2015)
1§

% =Ry =095+ 0.05
rB—»K*ee LHCb, PRL 131, 051803 (2023)

8,/8, = 1.0018 £ 0.0014

PDG, A. Pich, Prog. Part, Nucl. Phys, 75 (2014) 41

R(X.) =

rZan
——— = 1.0019 * 0.0032

Z—ee  Lgpphys Rept. 427 (2006) 257

= — 0.992 + 0.013

Wopy  atvas, Nawre 17,813 0021)

Ipon

=9.95+ 0.61

D —py HFLAV, Eur. Phys. J. C77(2017) 895

(D) = 0.357 + 0.029

HFLAV, Summer 2023
R(D*) = 0.284 + 0.012
3.36 tension

£./g, = 1.0030 + 0.0015

PDG, S. Pich, Prog. Part. Nucl. Phys. 75 (2014) 41

B(Hy — X.71v)
B(Hy — X Av)

e {e u}

13'" December 2023

22 /51



R(D™)) at LHCb
7 RECONSTRUCTION AT LHCB

Muonic (BelleII+LHCb)

Decay of T —» uX with
BF~17.4%"

o Higher statistics

e Same final state as B — D*uv

normalization mode. Many
systematics cancel.

e Multiple missing v’s. Infer pp

using boost approx. pp o py;g

Hadronic (LHCb)

Decay of T - 3n(n?)
with BF ~ 13.5%

@ Cleaner selections.

o Normalization mode is
B — D*3r (A — A.3m).
Need external BFs as inputs
(— systematics).

@ Better resolutions in the
kinematic variables. Two
two-fold ambiguities.
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R(D?)) at LHCb
R(D*t) HADRONIC

[PRD 108, 012018 (2023)](Run2, 2015/16)
[PRD 97, 072013 (2015)](Runt)

e Run2(2015/16) data: 40% more stats than previous Runl result.

e Prompt B — D*3w suppressed by 7 vertex downstream of B.

@ Two control regions for gsm

B — D**Df (= 3m)X S

« ” bkgd.  Few

Anti-D} BDT. o :

7 [Gevi/c)

e 3d template fit to ¢2, §mwo o

anti-DF BDT and 7 :

lifetime. 5o

o In agreement with SM.

10000

Candidates / (0.117)

5000

+ D(:]ata
[ B D v,
[ B-D"Di(X)
[ B—=D 31X

1 == Comb. B

[ Comb. D™

0.2 04
Anti-D; BDT output

—— Total
[CB-D v,
[ | BAD"D;( X)
B 5D D (X)
I Comb. D
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http://dx.doi.org/10.1103/PhysRevD.108.012018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072013

R(D") at Bellell
FIRST R(D*) AT BELLEII, TAGGED [Lepton-Photon-23]

o Partial (189/fb) Bellell hadronic tagged dataset. Main

. . . . . extra
discriminant is extra calorimeter energy (EECL ).

1.5 < M2, < 6.0 (GeV/c?)?

Belle Il Preliminary —— Data
Jra=1s03t’ EEDY
=

DIy

Belle Il Preliminary D*—p'x* —— Daia
JLat=18031" L
by

B D)y

[0 Hadronic B

‘ B Fake D B

DD

e Sidebands: ¢% < 3.5
GeV? (below 7
threshold),

D** — D*7%X, and ”

andidates

[ Other BG

r uncertainty |

Candidates

Fit uncertainty ]

D**t — D7

Il

o )
AMD*EMD*—MD.= : b
g 0 ) B =
-2 H
Good data/MC e e e T e S S e PR TR
M2, [(GeV/icy) Eger (GeV]
agreement.
e 2d fit to ¢* and EZIr.

e R(D*) consistent with SM, with 40% better sensitivity compared
to Belle2 (w/ comparable dataset).
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https://indico.cern.ch/event/1114856/contributions/5423684/attachments/2685890/4660084/2023-07-04_LP2023_KojimaFinalVer2_main.pdf

Inclusive b — ¢t~ U,

FIRST R(X,.) AT BELLEII, TAGGED [2311.07248]

Belle I Preliminary fei=189m-  Belle I Preliminary fcai= 1501
0

Belle I Prefiminary fear=19m~' Belle Il Preliminary _jcai=139m1

q2

2
Miniss

B
Py

10° events per 0.25 GeV

Norm, Resid. 10° events per

) = -
lEs - E
] T [ I s o ol B e e
Tnused P [GeV] ‘Mx [GeV] M2, [GeV?] 47 1GeV?]
I good data/MC agreenient
Belle II Preliminary clectron Jedi=189 15! = with expected SM contributions of Dy, X, removed
Mi <1 | M3 €(L231 M7 €(2.3,41) M7 [ 035 Ge//é‘ 68.3% CL contours
20 = 5% Background : 2
2 Emm Continuum
016 MC tot. unc,
aQ ¢ Exp. data
212 M3 €681 M35 >8 '
c
2 Q
>
08 =
P B3
=)
=4
=
@0
Q
2

€9
€2 .
S 3Rg4sse o - o 02 03 0.4 05

v

R(D)
o First inclusive measurement of its kind. In agreement with SM
predictions ([2207.03432], [1506.08896], [2112.07685] ).
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https://arxiv.org/abs/2311.07248
https://arxiv.org/abs/2207.03432
https://arxiv.org/abs/1506.08896
https://arxiv.org/abs/2112.07685

R(D) global
R(D)-R(D*) GLOBAL

o 04 T T T
L. 8 4 HFLAV Ax* =10 contours -
Theory prediction robust % [ ]
(VRN —
[ Bellet 2%/ ]
Oldest (BaBar-2012) shows o | | 3
the largest deviation C S ]
0.25 :— ____________ _:
LHCb competitive w/ Belle - ot v .
02—  JHFLAVSMPrediction  ~_ 3 30— EER):OS;;A:O%??A. =
[ e ' Ropea oo, ]
-...I.(D.)..I....I....l....l...P.(XI)TS.m:.I....l. ]

02 0.25 03 035 04 045 0.5 0.55

o Many other SL results, consistent with SM:

o LHCb: R(J/Y) muonic, R(A:) hadronic, D* pol. hadronic.
o Bellell: e/mu ang. asymm B — D*, R(D:/M)’ R(Xe/u)-

Biplab Dey (ELTE) Flavor physics @ LHCb and BelleII 13" December 2023 27 /51


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.191803
https://inspirehep.net/literature/2723079
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.131.181801
https://arxiv.org/abs/2310.01170
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.051804

SELECTED PHYSICS RESULTS

“b-anomalies”
Rare b-hadron decays @
_|_

Biplab Dey (ELTE) Flavor physics @ LHCb and BelleII 13" December 2023 28 /51



Penguin processes
RARE b-DECAYS

e b — s(d) flavor changing neutral currents: loop-suppressed in SM.

b

>

> W > S
'
AR e

Electroweak ot

br W, sL

Y

t

Radiative 7L
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Penguin processes
RARE b-DECAYS

e b — s(d) flavor changing neutral currents: loop-suppressed in SM.

e New Physics (NP) can enter both at loop- and tree-levels.

2%y

Electroweak

l'i

R

Radiative L(VR)
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EFT TOOLS FOR RARE DECAYS

o Renormalizability requires the Lgy to have dim d < 4 operators.
e Eg.: migbz, mypp = (my/E)?, (my/E) UV-safe behavior.

o We can include d > 4 operators if we regard the SM as an low
energy effective theory. Comes with a cutoff scale, A.

C;
Leg(z) = Lom(z) + Z a1
d>4

(d)
0, (z)
local operators

o Amplitudes will have (E/A)%~* behavior: bad at high-E, but
suppressed at E < A. Access to heavy (Axp) fields from NP.

@ Relevant for RD: d = 6 operators. Aeg ~ CLQM + @.
my  Agp
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BASIS OF LOCAL OPERATORS FOR b — s PENGUINS

e (V — A) LH operators consistent with SM symmetries:

O = (57, T*Pru) (auy"T* Prb)
Oy = (37, Pru) (ay" Pb)

0% = (57,T°PLc) (YT PLb)
05 = (5yuPrc) (ey" Prb)

O3 = (37.Prb) Y (@r*9)
q

04 =(57,T*PLb) ) _ (77"T°q)
q

Os = (59,17 Prb) Y, (@7*7*v°q)
q

O6 = (5917, T*Prb) Y _ (§v**+*T%q)
q
= & my(50,, PRO)F™
1672 0T IR

Og = %mb(g:raawpﬂb)aaw

2
Oy = 105 (W PLY)(E70)

2
e? _
O = W(S’YuPLb)(e’Y”’st)

e 01 (4-quark tree), O3_¢ (4-quark penguins),
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THE THREE DOMINANT CONTRIBUTIONS

@ The dominant Oz 19 contributions, as a function of 7

dB(B° - Kty /dg?

C;/) _ C(()/)
E interference

(r) () o
Cy' = Cy

br Wy SL
t
m
L

€ = v
O7 = @mb(sowPRb)F“ photon

e o
Oy = W(S’Y,LPLb)(l'y ¢)  vector

2
€ _ - .
O = 1672 (37uPLb) (U ys5k) axial-vector

@ The primed terms are the RH (quark) operators, suppressed in the
SM, but can be enhanced in NP scenarios.
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WILSON COEFFICIENTS AND LOCAL FF'S

e From SMEFT to weak EFT (WEFT) at my, scale:

h integrate RGE evolve
eavy N .
fields

Herr = 3 Ci(mw)O; Hest = 3 Ci(mi) O;
@ The (dimensionless) Wilson coefficients encode the short-distance
physics. A(i —= f) = > Cn(mp)(f|On(ms)]i).

@ The long-distance physics (hadronization) is encoded in the local
form-factors (lattice, LCSR, etc,.).

e Eg. VMBﬁM(k, q) = (M (k)[57,PLb|B(q + k)) for the vector FFs in
B-meson decays.
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Non-local effects
NON-LOCAL (AKA CHARM LOOP) CONTRIBUTIONS

@ Non-local contributions from propagating c¢ are a problem:

u,d u,d

&\3()() T T
2, —LHCP + 4 ui
KOZ 2 DL K|
N,
‘\‘\ b >§ 01’2 S =
™ <t 1
NS
~1
w)
o]
T
) ’
S 50 . . L
€+ QO 1000 2000 3000 4000

: 2
[eps c77 (2017) 1611 My [MeV/c?]

o At leading order, the Oy is factorizable, but leads to strong
phases from the resonances (LHCb has measured these).

e Further (soft-+hard) gluons lead to non-factorizable contributions,
that can mimic NP contributions. Need data-driven approaches.
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Electroweak penguins
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TAB]
b

ignal efficiencies and
s > i

e [1e saf 10 1slor s
36 55 30 4503 14
15 silsd  osjoo 31
46 5328 31|17 24
70 5459 4403 14
|86 103[105

28.6

o 79, 031102 20001, BABAT 0(50)

Total Yield

LHCb

'_+_
i

SM Predictions.

Data

"o 5 10
[PRL 111, 191801, (2013)]

15 20
42 [GeVZicY]

a

THE GOLDEN CHANNEL: BY — K*0¢+t¢—

1F ] B
LHCb Run 1 +2016
Q [ SM from DHMV
0.5) |
FH 4.7/15 O(500
Z
-0.5F z 2 .
+ - +7 L H
_iF . ] 3
0 5 15
(PRL 125, 01180 (2020)] & [GeVct]

o Full Run1+2 @ LHCb ~ 10000. Not a rare decay anymore.
o Allows detailed angular analyses to extract binned observables
such as P! (theoretically “clean”).

o Competitive results also from

ATLAS/CMS.

o Higher lumi than LHCb, but

B-physics trigger bandwidth and K /7 it
ATLAS: JHEP

mis-ID (no RICH) are issues .
Flavor physics @ LHCb and BelleII

= Belle data

o LHCbdata © ATLAS data

7] SM from DHMV ]

% SM from ASZB

> CMS data

B

CMS: PLB 781 (2018)

13'" December 2023

1
10 (20 18} ¢? [GeV?/ct]
2

0/£b,2012
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N ok Y i
MORE B — Vutu~

BY s K0+, F 330 [ M o CMS has also looked at

[Pm:zs 011802 (j_ozo—)f . B+ — K*+M+M—-
* — = I_._|

BT — K™ up 310 [JHEP 04 124 (2021)]

[PRL 126 161802 (2021)]

+,- L
By — ¢pp 196  |—e—| e Numerous global
[JHEP 11 043 (2021)] .
LHCbonly analyses, different data
0 2 4 sub-sets, statistical
ACy, Flavio, only Cy floated analyses...
]
HMMN 1.50 HMMN
e e P

long distance effects

&3 &3
< S o I 2
v~ | e NP or QCD effects?
~025 — =
o
—0. — — — — — _ —0.7¢
—-L75 —-150 —1.25 —1.00 7(!\';3 =050 -025 000 025 15 1.0 0.5 . 0.0 0. 1.0
o 2309.01311 o
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Separating the non-local contribution

0 *0, ,+,,— LHCb-PAPER-2023-032 (—PRD)
UNBINNED B” — K o [ LHCb-PAPER-2023-033 (—PRL)

e Same dataset as published Runl1+2016 ¢2-binned analysis.

2myMp Mp <
AZE L =M {[(09 +C5) F (Cro & Clo) | Fale®) + =57 | (Cr & CPlsmFS (a*) = 16«2m—m<rﬁ>}
T b

@ Directly extract out (real) C'(g %0 from unbinned fit. Fy(¢?) FF’s
from LCSR + lattice. C’iSM from theory. #, from z-expansion fit.

Vir — ¢ — Vit =t

24 = %
ty — T, —1t ('()mpl('x 2
Vir— @+ Vi — 1o I
1-22 1 —zz 1 S Nsig ™~ 20
7‘[)\ = I/ $(285) Z (1)\ kz %
L—z5p 1—zp0s) da(2 1 2
.
H ( My, f} Al predictions % ____________
Reg A4 ) _ Tnlvntn
eoa, Fa(@?)  M3R(ME) }IIE L W@
[2206.03797] <_q2 = L :
[2212.10516] analytic continuation £ [GeV2/c*]

o Full rate also includes K7 S-wave.
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https://inspirehep.net/literature/1784890
https://arxiv.org/abs/2305.06301
https://arxiv.org/abs/hep-ph/9910220

Eeelonlc
UNBINNED B? — K*9u*

LHCb-PAPER-2023-032 (—PRD)
LHCb-PAPER-2023-033 (—PRL)

o Excellent consistency w/ 2020 binned results. Some effect of the
LCSR (¢ < 0) H, info seen in S7 observable.

T T T

L2200 T 1 ar T T T - ; ; ,
% — ts‘i);}al_ . LHCb 4.7fb™" LT— L:lncvk;yrn" “ 00+¢;: — LHCO 4T
8 1s0f % combinatora of s T ﬁ -
Z10o i == 7
| . 05 t 1 02 | ; I |
5 50 J f:w 0.0 r:»:: g 01 ’. J~*3ﬁﬁl[lm(4(';/iu )7(Lﬁn)]
A . =
1 <I_0'5115 2550 75 oo izs ‘ = : o
0 y ” g [ . ' - ; - - - 00 25 50 75 100 125
S qzlo[GeVz /1824] »@ offects 710V 2 [GeV/c]
. . i ey
o Data still prefers negative C&;IP, but 22150 whevaznt T4 0o
. . T 0 fix FFs
tension in Cg reduced to ~ 1.80 and “i0F o sM ]
1.40 global. osf ]
o Will be extended to full Run 142, but 00
significant uncertainty due to FFs s
-2 -1 0
(both P- and S-wave). Re(C5™)
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Ag - A(1520)M+M_ [PRL 131 151801 (2023)]

[JHEP 06 108 (2017)]

: 2ok ) T 0 ' ' ' i
o Broad overlapping Sk M Pk =EE | 3w | A pK it~ :
. - St | TH= | & LHCb
A" — pK ™ states. Bup AT pKT TEEN | 2 6 :
. o - AU Run ;
o Detailed study very i \*-. : M+ ” ;
. K =T
. . f: K} , S 2 H+ +
challenging: theory+exp. e » R ++ fit *%“,N,Mw
18 1.4 l()

< JHEP 02 189 (2023) \

o =Tt 26
my, [GeV]
[PRL 115 072001 (2015)] e

[JHEP 06 108 (2017)] ”’V’K )[Gew‘ !

o A(1405)(37), A(1520)(27), A(1600)(3T), A(1800)(37) included.
o Integrated over angles (small interferences as sys.). dI'/dq? for
A(1520) provided. Theory models need to be revisited.

T T
4 Daa LHCb
— Toul )
- A(1520) be‘
- Ad0s) 1505170 GeViet

4 Daa LHCb
70 — Toul

60F o= AUIS20) 5
-0 11<G<6.0 GeVict

3
T

LHCb |
R PR

A(1520) V]

]. quark model-based

- A(1600)

- A1600)
- A(1800)

Events / (10 MeV/c?)
o
3
Events / (10 MeV/c?)
I SN

SM LFQM)
SM (NRQM)

o —

swnen  Flattice-based
e

ABA;—AIS20)4" 10)/dg? [GeV “c*]

2

1500 1600 I700 1500 15'00 1700 1800
m(pK ™ )[McV/r] m(pK~) [MeV/c?]
[PRL 131 151801 (2023)]
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https://inspirehep.net/record/2633007
https://inspirehep.net/record/1515507
https://arxiv.org/abs/2210.09988

LFUYV in b

Ry STATUS AT LHCB/ BELLE(II)

[PRL 131 051803 (2023)]
[PRD 108 032002 (2023)]
[PRL 126 161801 (2021)]
[2206.05946]

)t - o) -
o Very clean theory: Ry ) = BB Kt p ) /BB K Jj (it )

B(B—K®ete—)/B(B—K®) Jip(—ete™))

e Electrons hard at LHCb (trigger, brem). “Flutter” in the
community from 2022 paper: Ry found 3.1¢ from SM.

e LHCb 14l LHCb 0.994+0031
9fb~1t 0949730
2023-11[)({1&136 12 [2023 update]
agrees with

SM: peaking 5’1-0"}7 T T 4{—

component osf

from ¥ SD&'“‘“ X =16,p=0812, 0 =02
061

e-mislID.

Riclow-¢ Ry central-g? Ry low-g® Ry central-*

Belle IT (Prclimi‘nary;
L dt =189 fb™

1 f—sinn-l

-~ Background

— Total

12 f —#-Data

10
8

Entries / [0.0033 GeV/c?]

!

521 522 525 524 525 526 527 526 529
M, [GeV/c?]

B(B— K*(892)u*p~) = (1.19+0.31*5%) x 107°,

B(B — K*(892)e*e™) = (1.42 + 0.48 £ 0.09) x 105,

B(B — K*(892)¢"£7) = (1.25 £ 0.30*4%,) x 1075,

o Bellell: 1st steps towards R (.. Many other Ry, analyses ongoing
at LHCb, also using Ry_,s+¢- as sanity check.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.051803
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.161801
https://arxiv.org/pdf/2206.05946.pdf
https://arxiv.org/abs/2103.11769

Yet another anomaly?

+ +. = [2311.14647]
BT - K Vv AT BELLEII [PRL 127 181802 (2021)]

> = o Access to 3rd gen. in EWP (also BY — K% —771)
No charm
loop poll.

v

e Theory prediction from lattice: 6% precision.
Previous best UL at 1.6 x 1075 at 90% CL.

BT — KT+ inv: hard experimentally.

A \Ki e Conventionally, hadronic tag. New: inclusive tag.

Y vall Rq:e;m e Data/MC checks from control samples: ¢q + BB
S Een®oB (B— DY (— K*X)tv,Bt - K*K K g,Bt —
incl. +Charged particles ’

high ctog  Fmwre £ M, BY 5 K¥DO,
BT = KT [Jp (= pp)]

N|
[}

Bt — 1t K?)

miss ’

e Two-step BDT(ITA). ITA/HTA agrees.
e ITA: 2.30 tension w/ BABAR-SL tag.

o Combined: 3.50 evidence, 2.70 deviation
0 2 N 10 from SM

10° x Br(B* K * vi
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https://arxiv.org/abs/2311.14647
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L011102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.014511
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.87.112005

Photon polarization in b —

Radiative penguins
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ACCESSING Cé) AND SEARCH FOR RH CURRENTS

o In the SM, the photon from b—§ 7 is almost purely LH. RH
current suppressed (Cf ~ %07) and is a sensitive NP probe.

o Need angular analysis, to pull out the interferences.

o LHCD probes this in various ways:

o Very low ¢? angular analysis of B® — K*Cete™ [JHEP 12 081 (2020)]
+ BY — ¢ete” (— ongoing).

Angular analysis of Bt — KTnt7~v [PRL 112 161801 (2014)]
o TDCPV of BY — ¢y [PRL 118 021801 (2017)]
TDCPV of B® — K%rT 7~ (— ongoing).

Angular analysis of A} — A%y [PRD 105 L051104 (2022)]
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https://inspirehep.net/record/1822447
https://inspirehep.net/record/1282900
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https://inspirehep.net/record/1282900

Photon polarization in b — s¥ Ag — Ao'y

[PRD 105 1051104 (2022)]
[PRL 123 031801 (2019)]

e Nominally need 3-body Hs — P P, P3 (defines
a coordinate-frame) decay in H, — Hg¥, to
access the photon pol.

e K o Up-down asymmetry is proportional to A,
rest frame (photon pol) via the hadronic current j}]j‘ad

o A" — pr~ is an exception due to the self-analyzing nature of the
weak decay. The A% pol. effectively provides the “3rd direction".
dl'/dcosf o (1 — ap), cos @) = direct access to A,

e <300 T T T 1 5200 T T T

LA D E LHCb Susopt Run2 LHCb 4
SV not reconstructible v =250 6l 4 160 6!
hallenging! el g T g 10 Tha
very challenging! A0 duster S200F e 1 Zop + SO
I’ 2 Combinatorial S 100F Combinatorial 3

/e §150 s-m 4 8 . T
A0 ,’ Y -g 100 ﬂ*’H\ E ped 3
L © 50 tH ‘z‘gj"“ ............. 3
75000 5500 6000 6500 -1 0.5 0 05 1

s6,

— 0.17 +0.04 : ~ m(pry) [MeV] co
I Ay=0.821047 (stat.) T (75 (syst.)l compatible w/ /\,“‘SM +1 [PRD 105 LO51104 (202231 "
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22 Vel tel ol TN EVSTERA T M I Al Radiative decays at Belle(II)

BY%* — %%y AT BELLE+BELLEII

[EPSHEP-23]

o Compared to LHCb, Belle(II) has v/7° separation and better E.,
resolution. Also, no xfeed from BY and A due to hadron mis-id.

o B — pyisa CSb— dpenguin and large bkgd from B — K*~.
Seen at both BaBar and Belle. Accessible also at LHCb.

Events/(20.0 MeV)

Simultaneous fit to My,
AE, m(rm)

0.1 0.2 03
k\\\ AE (GeV!

7(0 Belle Il B*—p® (pvsllminary)\
B® — p% signal

Events/(3.3 MeV/c?)

BR(p*y) = (12.877335*199)x1077
BR(p%y) = (7.45%}33%390)x1077

A= (142211958 %

_ +15.2+1.3
Acp = (-841123713)%

Biplab Dey (ELTE) Flavor physics @ LHCb and BelleIl

ok L wadif 10
5.2 5.215.22 5.23 5.24 5.25 526 527 528 529 5.3

M, (GeV/c?)

Consistent with SM
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.101.200401
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LHCB UPGRADES

[— Brij Jashal’s HQL23 talk]

—_ Run 1 Run 2 Run 3 Run 4 Run 5 Run 6

& 16 . . 3350

E 4 300 o

b 12 =

5 250 -

= 10| orgnatnc Upgrade -1 2 e Ambitious plan to

2 8 Ligeg ~ 9107 - g;‘;fﬁz‘)o cm™s 200 ]

z L >0 byendof Upgrade-1 | o0 2 collect 300/fb by

= ung Ling 1.5 X 10% c2s™

g \ Cpe Za00® | 00 = end of Run 6.

2 ¢ E

= 2 - 50 .. . .

Z os . 4, @ Precision timing

010 2020 2030 2040 :

(10’s of ps) to kill
pileup.

Physics Case
for an
LHCb Upgrade II

LHCb
UPGRADE i

o Flexible software
trigger.

LHCb
UPGRADEIl

o FTDR approved
by LHCC.

Expression of Interest Technical Design Report

[CERN-LHCC-2017-003; CERN-LHCC-2018-027] CERN-LHCC-2021-012
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BELLEII UPGRADES [— Peter Lewis’ HQL23 talk]

°

. : r 60
Etowards 50/ab
40

target few ab™!

2
©

o

% , |before LS2 3‘“;?

[ 152 2= LS2 upgrades
£ 2 10

H - i + beyond

0
2019 024 2029 2034

Figure 1.3: Projected luminosity for SuperKEKB.

KLM: replace RPCs with scintillators
in barrel (some with fast timing for K,
time-of-flight); replace readout

TOP: replace readout to reduce
size & power; replace ~50%
MCP-PMTs with life-extended
ALDs (or SiPMs?)

VXD: all pixels
DMAPS

More distant future: ~mid-2030’s
v Detector R&D for extreme-L environ
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(0TeV 4 Qg bl Sm {

1T A\, - e

CAST A WIDE NET

Nima Arkani Hamed
Intensity Frontier Workshop’11
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Backup
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N © — D7 (un)tagged Belle(1T)
(UN)TAGGED FFS AT BELLE(IT)  [3i0.20000 nenie sasgeat

[PRD108, 012002(2023), Belle tagged]

@ Bellell, 189/fb, untagged. o Full Belle, tagged dataset.
o Binned fits in the 4 x 1d o Fits to 12 angular coefficients
variables. in 4 x 36 bins in 4d variables.
@ Some tension with w > 1 o With w > 1 FNAL/MILC, HPQCD,
FNAL/MILC. JLQCD included.
” 5:\” ¢ Ly Inclusion of a,(w) T
L Inclusion of hy, (w), B
/ AT TR s 1A
(- Yot
/

o= Ry (w) o Rs(w)

10 T iz 13 15 19 T 17 15 17 15
w

[Veb| = (40.57 £ 1.15) x 1073 (only ha, (1))
[Veb| = (40.3 £1.2) x 1072 (ha, (w))
[Vep| = (38.3£1.1) x 1072 (ha, (w), R12(w)) [Veo| = (41.0 £0.7) x 1073 (all w > 1)

@ Various other combinations with varying p-values
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https://arxiv.org/pdf/2310.01170.pdf
https://arxiv.org/pdf/2310.20286.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012002
https://arxiv.org/pdf/2310.01170.pdf
https://arxiv.org/abs/2105.14019
https://arxiv.org/pdf/2310.20286.pdf
https://arxiv.org/abs/2105.14019
https://arxiv.org/abs/2304.03137
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|Vi| FROM ¢*> MOMENTS

_ V|2
Br(B — X.(7) [ Vet
B

“old” measurements 4

2
e Pb
r + I, —24+T0; —=
[ 33 1e m% ) mz

4 4 4
r r S S SqB
E G B E q
e E v Sy, B oy, E i, TB
E mt S mt 8 m? = mi} 9B mé

(q?) [Gev?]
((9? - (q7))7) [GeV*]

i3
4% [Gev?)

((q? = (g?))?) [GeVF]
((q” = (@"))*) [GeV"]

LRI )
9 [Gev?) 2 (Gev?)

PRD104, 11201(2021), Belle]
2205.06372, BelleII]
JHEP10068(2022), q> moments]
2310.20324, global fit]

~3
4

b b

HO terms from new ¢>
moments data from Belle(II)

|Vinel| = 41.49(1.5%)
— improved precision

|Vinel| = 41.97(1.1%)
—mnew global fit (¢%, By, mx)

o The BF’s are from Belle-07 and BaBar-10 and could be updated.
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https://arxiv.org/abs/2205.06372
https://arxiv.org/pdf/2205.10274.pdf
https://arxiv.org/abs/2310.20324
https://arxiv.org/abs/hep-ex/0610012
https://arxiv.org/abs/0908.0415

Inclusive |Vup|/[Vep |, Belle tagged
RATIO OF INCLUSIVE |Vip|/|Veb| [2311.00458]
o Bellell’s FEI at Belle. Data-driven control of X, in E;, > 1 GeV

x10°

0!
X“ enhanced 12 2 [Gevi<ant 2715 [GeV <496 | 4.96<¢” [GoVII<T.51 | 7.51<¢? [GeVY]
. $  Dat
. 3 g.0-u.d, o
LOf 5 e (preliminary)
<1 5 Xtr PR
ool 55 5250 X, enthanced

Events / (0.05 [GeV])

, SIS R | B ]

m —v—L._,TI

o | Lt

‘ 0.2]
:E%” Whircavs -,.-.»0 ZYXyL} »/A/W// &%$
2

08 TI(Kl KS) 0

TO0 125 150 175 200 225 250 27 . .

i ix‘“ X, dep ,t_(‘ed 5 ! - [Gev]. |

% BLNP

j /% = 1.96(11.6%) [%} — 0.0972(8.1%)

. AB(B — X.tv) [Vi| SGCY = 0.00415(7.9%)

E;:T%i{t'{(‘)gdd % as external input |Vub|BLNP _ 0-00425(6.3%)
R consistent w/ |V, mCl|WA

“ [GeV]
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https://arxiv.org/pdf/2311.00458.pdf

By - K™, LHCb
|Vub|/|Vcb\ FROM Bg — K_/ﬁ_l/u [PRL 126, 081804 (2021)]

e Uses BY — D™y, as the control modes (Run 1, 2/fb). Isolation
variables for background reduction.

= T
R [JMILC 2019 [ JUKQCD 2014 L1600 @2 F T T T
207 [JHPQCD 2015[JLCSR, Khod. & Rus. = 22500 F 2 i
—"E“G E 2 1400 Z E hlgh q° | i i LHCP
S = 1200 =2000f- Y Z2fb
Los E =3 5 J ‘
5 1000 1500 o 1
3 1 g B e ) KXY g f
Z 0 1 F goof— MisD f Z1000f g I
5 Combinatorial 5 F oA
E £ 400 £ E 4
0.2 < < 500
" 1 ©oao o . g
High g% (MILC) S ok L
. | 5000 3000 4000 5000
0 5 10 15 20
< Gevre ) My [MeV/c?] My, [MeV/c?]
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.081804

B; = K, LHGb
COMBINED R(D)_R(D*) [PRL 131, 111802 (2023)]

[PRL 115, 111803 (2015)]

%10° g% [9.35, 12.6] GeV¥/ct LHCb

e Runl (3/fb) dataset with D

muonic 7 reconstruction.

Sighal

N

e Signal B - D**r v,
B~ — {D*, D"},

Cand. / (0.3 GeV?/c?)

— Data (3 fb™)

(2) M 35D tv
o I[solation variables against S WS E
va B o | i | . DD
feedown (B — D**¢{~7;) and % 5 10 5D v
. (GeV?/cY)

Comb. + misID
[ 10° g% 19.35, 12.6] GeV¥/ct LHCh| MMl B->D'uv
i D | WDy

/- B-D"*uv

rmalization

double charm (B — D®)DX)

e 3d template fit to ¢ (4 bins),

2 *
mi e and Eﬂ.

Cand. / (75 MeV)
oD
(=]

e Simultaneous fits to signal +
background enriched control
samples (data-driven)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.111802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803

Inclusive |V | at Belle(II) Angle definitions for EWP

ANGULAR ANALYSES AS A TOOL FOR NP SEARCHES

e Huge LHC statistics allow precision measurements of angular
observables in b — s¢T¢~ and b — s7. Direct access to CNF.

e Eg., A—E = |[ud]b) reflects the properties of the b-quark, with [ud] as
spectator diquark.

° Ag = A (= pK W {* = mzﬂ_,k2 = mgK} + {00,605, 60, op}

+i +9
A

lab frame

o If Ag is unpolarized, ¢y = 0, x = ¢,. Similar definitions for
BY —» Ktr= =, BY - KtK—(t(.
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Inclusive |V | at Belle(II) Higher spin-2 resonances
ACCESS TO B — Tu™ ™

o Till now, most of the work on spin-1 K*(892) and ¢(1020) states.

e Spin-2 (tensor) states, K3(1430) — K7 and f5(1525) - KT K~
also accessible at LHCD.

o Complementary information, compared to spin-1 states.

z : : T
S b + LHCb 2
g L1 < g <60 GeV¥/ct E
g B = Kta—ptu~ =
< 200 S
P Run 1
3 s
Swb K0 2
+ Fhpg b

800 1000 1200 1400 1600

m(K*z") [MeV/c*]  [JHEP

0

LHCb

BY = Kto—ptp~]
L + [ Run 1 E
—+—— 1

+angular moments

0 b ; s §
12 065 (2016)] 2 1GeV/c']

Candidates / ( 15 MeV/c?)

[PRL

% ‘m(K*K"W}r)frr;ﬂu|<50N}¢V LHCb -
. 9fb™! =

BY - KYK—ptu~
Run 142 :

1300 1400 1500 1600 1700
127 151801 (2021)] m(K*K") [MeV/c?]

o These excited states also accessible in radiative B?S) decays at
LHCb, with significant statistics (CERN-THESIS-2020-004).

Biplab Dey (ELTE) Flavor physics @ LHCb and BelleIl
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https://cds.cern.ch/record/2709825?ln=en

Inclusive |V | at Belle(II) Null tests via angular analysis

ANGULAR ANALYSIS OF B — Ku* ™

[JHEP 05 082 (2014)]

o In SM, almost pure sin” 0y. Look for non-zero Fyy and App in rate
o %(1 — Fy)sin? 0, + %FH + Apg cos, = SM null test.

e Runl:
NE ~ 4746,

BO
NE ~176.

200F T T T
(a) 1.1<¢2<6.0 GeV¥c* LHCb

Candidates / 0.1
g
TT
L

— 68% - 90% 95% + best fit
= @ |Ars| < Fi/2
0.151 0 S FH S 3 -

AFB
@ 0. T T T T L:: 0.: T T T T
.. = LHCb LHCb
@ Sensitive to new ol I 04
scalar + tensor T e T TTI o
I I J_J_J-i‘ 02] 4 mass effect
operators, but N [ 1 { I T _
. . ’ 0.1}
consistent with . . . . _ I ﬂT
0 1 15 5 10 15 20
SM atm. [JHEP 05 082 (2014)] ¢ [GeV¥/c?] [GeVAct)
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https://inspirehep.net/literature/1287929

Inclusive |V | at Belle(II) Null tests via angular analysis

+ 4+ — [2311.14647]
BT - K VeVy AT BELLEII [PRL 127 181802 (2021)]

50

ITA + + BF HTA .
pu=54%10 (stat) £ 1.1 (syst) _ : j = 2.2+18 (stat)* $(syst)
SM . .
BDT:
092 0.94 i 0.96 ) 098 1.0 *Compatible with the Background-only
T T T hypothesis at the level of 1.1 &
350 *Compatible with the SM at the level of 0.6 &
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—§ B*B wrt bkg-only )}ec“i" grglnm)\n‘m}' ; Z;K»,,a
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0 S %
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https://arxiv.org/abs/2311.14647
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.181802

Ground state A°
_ [JHEP 09 146 (2018)]
AY — A%t~ MOMENTS ANALYSIS [JHEP 06 115 (2015)]

[PLB 725 25 (2013)]

1. T T T T
& ISF | suprdicion [PRD 87 074502 (2013)
LaE L
12
\E . ]
L - _{_ .
04
Mf{“ -+ LHCb Runl
1
0 5

]‘0 1‘5 22‘0
[JHEP 06 115 (2015)]  ¢'[GeV¥c!]

e Since A° is a narrow state, FFs from
lattice exist.

e However, since A° is long-lived,
reconstruction efficiency is not optimal.

dB(A, = A 1)/ dg? [107(Ge
°
3

o Angular moments analysis in the high-¢® region:

o 3 & 5 s F T —
b, K (0 2 04f s = g Bl
4G 3072 ; fi() S : . l,' | \)2.6(7 1= LHCb
. 02~ \— = £ ]
polarized AY, i > 12 E LHCD, 2011-16 ' 14
- —A OF ¢* € [15,20] GeV? ++%ﬁ 3 sfmoments
Q= {cos@,qﬁg,cosag,cosﬂh,th}_oz:_ E model =
Abn =3K; — cosl, E Bl l 1 cos g
FB ™ 273 0.4~ EOS == sMprediction 4 '
Al = Ky + 1K5 — cos ), ; 5 m

JHEP 09 146 (2018
Al = 3K — cos 0y cos by, Kot ( )]
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https://inspirehep.net/literature/1684712
https://inspirehep.net/literature/1355377
https://inspirehep.net/literature/1238106

1']1 radiative penguin decays

A — pK

o High statistics due to

photon pole.

e Variables: {myx,cosb}.

o PDG resonances, L < 3 waves. Additional
o Takeaway:

Excited A* — pK—

LHCb-

states

PAPER-2023-036

(—JHEP)
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mpk spectrum show “non-trivial” ¢* dependence.
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1']: radiative penguin decays Excited A* — pK~ states

0 OA, . (") PRD 105 L051104 (2022)
Ab — A 7+ GLOBAL O? FIT %PRL 123 031801 (2(019)]]

o Reduces a 4-fold ambiguity in the CXF phase to a 2-fold ambiguity.
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Constraints at 1o
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m = v /] e Global
—0.5 1 —0.25
flavio v23.0 flavio 230
-1.0 T . —0.50 T T
~1.0 —0.5 0.0 0.5 1.0 —0.50 —0.25 0.00 0.25 0.50
/NP
Re(CP) Re(C7™)

Biplab Dey (ELTE) Flavor physics @ LHCb and BelleII 13" December 2023 51 /51


https://inspirehep.net/record/1282900
https://inspirehep.net/record/1729839

	Setting the scene
	CKM matrix
	The UT
	``Indirect'' searches

	The machines
	
	|Vub| and |Vcb| tensions
	Hadronic tagging
	B D, tagged BABAR
	B D, tagged BelleII
	B D, tagged BABAR
	Inclusive b c, Belle(II) tagged
	Inclusive b u, Belle tagged
	B0s Ds(), LHCb
	

	
	LFUV in b c - 
	R(D()) at LHCb
	R(D) at BelleII
	Inclusive b c - 

	LFUV in SL
	R(D()) global

	Rare decays
	Penguin processes
	Effective Field Theories
	Weak EFT for b-physics
	Non-local effects

	
	B K+-
	NP or QCD effects

	Separating the non-local contribution
	Effect on  C9NP

	More B Xs +-
	 0b electroweak penguin decays
	Excited  pK- states

	LFUV in b s +-, e/
	Yet another anomaly?
	Photon polarization in b s 
	 0b  0
	Radiative decays at Belle(II)

	
	Towards ultimate precision in HL-LHC era
	
	
	B D, (un)tagged Belle(II)

	Inclusive |Vcb| at Belle(II)
	Inclusive |Vub|/|Vcb|, Belle tagged
	B0s K-, LHCb
	Angle definitions for EWP
	Higher spin-2 resonances
	Null tests via angular analysis
	Ground state  0

	 0b radiative penguin decays
	Excited  pK- states


