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Beyond the Flavour Anomalies

INIVERSTTAT Hadronic difficulty
SIEGEN of Meson Decays
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Decay constant
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Form Factors

(O
A A Factorisation
I) Imaginary part of CKM-elements = CP Violation ~ ( l ( )b|B~Y - (n”|uy*(1 — v5)d|0)

IT) Instead of a W-Boson a charged Higgs particle could be exchanged

IV) Determination of SM-Parameter
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| Vo | 042022 — (42.16 + 0.51) - 10~° V,|*PDC — (39.5 4 0.9) - 1073.

Bordone, Caddevilla, Gambino 2107.00604

Based on NNNLO-QCD!!!

Fael, Schonwald, Steinhauser 2011.13654
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(38.40 £0.74) - 10° FNAL/MILC B — D*v,
(40.34+0.8)-10*  LCSR2andlattice B — D™y,
(40.3+1.7)-10~°  LCSR1, BaBar B — Ditv,
(41.0£1.3)-107° LCSR1, Belle B — Div,
(41.0£1.2)-10~° lattice + unitarity B — D/{v,

( )-10%  HPQCD B; — Dlv.

|Vcb|excl. -

42.2 = 2.3
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-p- INClusive vs. exclusive

| Vo 042022 — (42.16 + 0.51) - 10~° V|*PDC — (39.5 4 0.9) - 1073.

Bordone, Caddevilla, Gambino 2107.00604

Based on NNNLO-QCD!!!

Fael, Schonwald, Steinhauser 2011.13654

(
(
lVCblexcl. - g
(
(

38.40 +0.74) - 10° FNAL/MILC B — Dy,
40.34+0.8)-1073%  LCSR2andlattice B — D™/{v,
40.3+1.7)-10°  LCSRI1, BaBar B — Dlv,
41.0+1.3)-107° LCSR1, Belle B — Div,
41.04+1.2)-10~°  lattice + unitarity B — D{v,
42.2 =+ 2.3) . 1073 HPQCD B, — D:EV.
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V_,: inclusive vs. exclusive

| Vo | 212022 = (42.16 £ 0.51) - 107 V| LPDG — (39.5 4+ 0.9) - 1073

Bordone, Capdevilla, Gambino 2107.00604

Based on NNNLO-QCD!!!

Fael, Schonwald, Steinhauser 2011.13654

AMM = 18.34)/ ps~! AMM = 16.0100ps™!

Perfect match N\ ‘/around 30 deviation

AM*P = 17.741(20) ps~"
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The DO dimuon anomaly is still not settled: 3.60

@l]ﬁ Nﬁm ﬂﬂl’k @imes ADi—muon _ ~ s i d 3 10 AT
sQgr dQg] o oARLd

. . Experiment disagrees with the Standard Model predictions by 4 O
A New Clue to Explain Existence o r y

Evidence for an anomalous like-sign dimuon charge asymmetry Theoretical update of Bs mixing
V.M.Ahazoy. et al (DO Collaboration) Alexander Lenz, Uli Nierste
Phys. Rev. Lett 105 (2010) 081801 JHEP 0706(2007)072; hep-ph/0612167
Measurement of the anomalous like-sign dimuon charge asymmetry Numerical update of lifetimes and mixing parameters
By DENN]S OVERBYE MAY 17, 2010 V.M.Ahazoy. et al (DO Collaboration) Alexander Lenz, Uli Nierste
Phys. Rev. D 84 (2011) 052007 hep-ph/1102.4274
Study of CP violating charge asymmetry... CP violation in the Bs system
V.M.Ahazoy et al (D0 Collaboration) Marina Artuso, Guennadi Borissoyv, Alexander Lenz
Phys. Rev. D 89 (2014) 012002 Rev.Mod.Phys. 88 (2016) no.4,045002

Physicists at the Fermi National Accelerator Laboratory are reporting that
they have discovered a new clue that could help unravel one of the biggest

New interpretation of experimental measurement

. . . . Guennadi Borissoy, Boris Hoeneisen
mysteries of cosmology: why the universe is composed of matter and not its Phys. Rev. D 87 (2013) 074020
evil-twin opposite, antimatter. If confirmed, the finding portends CTIGCE of Datta.Gamma ' thegimoun asyninetry

Talk at CKM 2014

fundamental discoveries at the new Large Hadron Collider outside Geneva,
as well as a possible explanation for our own existence.
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e Mixing

,C,U

M|, [I'12| and ¢ = arg(—M;2/T"12) can be related to three observables:

B Mass difference: AM = My — M ~ 2|Mis| (off-shell)
Mis| : heavy internal particles: t, SUSY, ...

B Decay rate difference: Al' := 1" — 'y ~ 2|I'13| cos ¢ (on-shell)
T'1»| : light internal particles: u, c, ... (almost) no NP!!!

B Flavor specific/semi-leptonic CP asymmetries: €.9. B, — X|v (semi-leptonic)

(By(t) = ) ~TBy(t) = ) _ | Taa | o
(Bo(t) = f) + T(By(t) = f) | Mo
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Status Quo: Mixing

Beyond the Flavour Anomalies
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52 A Mi; So(x,)Bfg, M, s

Significant CKM dependence

c G7
Mll?_ — -

By far dominant uncertainty

2-loop: Buras, Jamin, Weisz
3-loop: Gorbahn,...

1.4

® HPQCD'07 This work
m ETM"4 SR+matching
€ FNAL/MILC'16 lv SR
121 A GKMP'16 . only .
Vv FLAG'19(2)
® FLAG'19 (2+1) ]
¥ HPQCD'19 e
1.0 {{ a
o §
0.6 .
- Matthew Black -
| | | N

Lattice
B, , B;and D mixing: FNAL/MILC 1602.03560
Ratio of B, and B; mixing: RBC/UK QCD 1812.08791
B, and B ; mixing: HQPCD 19007.01025

HQET-sum rules: 3-loop + part of NNLO matching:
*B ; mixing:

Siegen: Grozin, Klein, Mannel, Pivovarov 1606.06054, 1706.05910, 1806.00253
*B,and D mixing, DY, D, B, and BT lifetimes

Durham: Kirk (Rome), AL, Rauh (Bern) 1711.02100
*B, mixing

Durham: King, AL, Rauh (Bern) 1904.00940
*B_and D] lifetimes

Siegen: King (Durham), AL, Rauh (Bern) 2112.03691
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v Status Quo: Mixing

AM; = (0.5065 £ 0.0019) ps=!  AM, = (0.533%)032) ps~!

http://Ihcb-public.web.cern.ch

——

12 April 2021: Fascinating quantum mechanics.

AMS — (17.741 i 00020) ps—l AMS — < 18.41-(1);) pS_l Precise determination of the Bs?—B0 oscillation frequency.

"A phenomenon in which quantum mechanics gives a most remarkable prediction” - Richard

Feynman
HFLAV 2021 1909'11087 Today, the LHCb Collaboration submitted a paper for publication that reports a precise determination of the BSO—ESO oscillation
A 1 tt. & 1 frequency. This result is presented also today at the joint annual conference of the UK Institute of Physics (IOP), organized by
Verage attice sum rules the University of Edinburgh. The BSO—ESO oscillation is a spectacular and fascinating feature of quantum mechanics. The strange
| — —— beauty particle BOS composed of a beauty antiquark (b) bound with a strange quark s turns into its antiparticle partner ESO
| | composed of a b quark and an s antiquark (s) about 3 million million times per second (3*1012) as seen in the image below.
070" ;7 ]
-+ HFLAV (10xerror) - A 0« -t 20 et
e o rrG2021 i, \/ B, fa.\/ Bs. - e — Dw B, — D, m Untagged
| 3 3 |} s/ )
. i FLAG'3 : R
0 65 | e — — — — , ’ T - FLAG average for Ne=2+1+ \gg a
. . [ St | / ‘ ’ v :
-+  FLAG'"19 - FNAL/MILC'16 .-~ A - - HPQCD 19A - <f
T < 2000
I n RBC/UKQCD '1 9 p . ',"' £ ;," . FLAG average for Ny=2+1 - 8
' ‘ ’ of .
-— R * .- ¢ e ¥
— 0.60 !_1 Sumrules'19 20 i) NALIMILC 16 B ,
| | =a ¢ P 8, ? ~|m——— RBC/UKQCD 14A : - g) $
e - . Pl
8_ L HPQCD '1 9 a2 "o' : ] = —H—{}—— FNAL/MILC 11 A —-— < 1000
= I o o S w HPQCD 09 — & :
o o’ v | 2
% | M Avg |1 g ; / /s . . '[ y HPQCD 06A Ha — Q
0-55 B T /’ | 2 : 3 l' ]
r ' '.' 1 N - FLAG average N;=2 -
¢ 1 Il
i | § . ETM 138 - 0
050 180 220 260 220 260 300 Me\
0 45ﬁ I ] Work in progress by
. L1 4 4 | |

15 16 17 18 19 20 21 22 RBC/UKQCD+JLQCD 2111.11287 Higher precision for Bag
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Status Quo: Mixing

Direct determinationof V,,V,, , V..V, and V ../ V ,

The 2016 theory value for B-mixing has dramatic consequences
for BSM models explaining the B anomalies

A5, =1 Loopy determination of V,, and V
0. 1 0 y Y Y T Y g yom— Y y Y Py T Y [ 1 ) ! T T T T ﬂ\\ ‘ \ T \{\ l\\ T T T T T
| 5.0F sin2f3 \ \ \\\
! I €k \ X
0.08 I AM, & AM \ \\\
- | 4.5 : ----- | Vab lexct.» | Veb lexc. C\ \\\ \\\ +
201 9 L |Vab linct.» | Veblinct. \ \\ |
. : ‘ ' \\ |0 N AN
| ——
0.06 ) NN
o & ' = U \\ - i
N\
T x == 0)s
0.04 5 > W
- f 3 5 B 7 / \\ \\,\\ _
T : g \\\ \\ \\ \\\
| N = e \\\\\ \\
0'02 A\J\S 3 0 N \\\\ \_
' N
«
"\
! \\\ \
0.00 [ b
0 2.5/ |
Mzl TV ] 30 35 40 45

| Vep| X 10°

One constraint to kill them all?

Luca Di Luzio,}'* Matthew Kirk,!:T and Alexander Lenz!:?

B

Altmannshofer, Lewis 2112.03437
King, Kirk, AL, Rauh 1911.07856

M

1712.06572

P




Beyond the Flavour Anomalies

"E’.’E’é"eﬁs'm Old anomalies
V

C

,. inclusive vs. exclusive affects also the b — sll anomalies

1 B-Kuu @ low ¢°
1 B->K*uu @ low ¢°

1 Bs—»duu @ low ¢

© ' ‘ 1 B-Kuu @ high ¢°
& : r 1 B-K*uu @ high ¢*

& : % 1 Bs—¢uu @ high g°

1 B->Xyy

¢ = | 1 Bsopp

| Vep| from all M 1 | Vib|excl.

rare decays ————t— 1 [Veblinel

"3 33 a0 s Altmannshofer, Lewis 2112.03437
| Vep| X 10°
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V .. inclusive vs. exclusive affects also some of the b — sll anomalies

T I T I
: : 1 B-Kuu @ low ¢°
' = 1 B->K*uu @ low g°
1 Bs—duu @ low g
: = 1 B-Kuu @ high ¢*
1 B-K*uu @ high ¢*
1 By—¢up @ high ¢°
[42] S. Hashimoto, Inclusive semi-leptonic B meson decay structure functions from lattice
QCD, PTEP 2017 (2017) 053B03, arXiv:1703.01881.
[43] M. Hansen, A. Lupo, and N. Tantalo, Extraction of spectral densities from lattice
correlators, Phys. Rev. D 99 (2019) 09450&, arXiv:1903.0647€. ’ : i g B—)Xs’)/
[44] J. Bulava and M. T. Hansen, Scattering amplitudes from finite-volume spectral func- )
tions, Phys. Rev. D 100 (2019) 034521, arXiv:1903.1173E. ‘ . ® . ! ] Bs—>##
[45] P. Gambino and S. Hashimoto, Inclusive Semileptonic Decays from Lattice QCD,
Phys. Rev. Lett. 125 (2020) 032001, arXiv:2005. 1373C.
[46] J. Bulava et al., Inclusive rates from smeared spectral densities in the two-dimensional i
0(3) non-linear o-model, arXiv:2111.12774. |Vep| from all | Veblexcl.
[47] P. Gambino et al., Lattice QCD study of inclusive semileptonic decays of heavy mesons, rare decaYS NP S — . |V i I 1
arXiv:2203.11762. GRS
| ) 1 | \ | ! ! | ! ] ! 1 |
30 35 40 45 Altmannshofer, Lewis 2112.03437

|Vep| % 10° — ——
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1. CP violation in Mixing: Consider a flavour specific (4;=0=4;) decay B — f

_ = .g. B = Xl
T ' (By(t) = f) — T (By(t) — f) f_Af a? o 'Y sin ¢%,, ;gB N D+I;Z—
. FBt—>f —|—FBt—>f Nod_irect S Mq 0 5
( (I( ) ) ( Q( ) _) CP violation | 12 or Bd N D_|_K_
2. CP violation in interference of mixing and decay
= See al
i _ TBO=H)-TBMH>f)  eg B —I¥ e ale
. [ (By(t) = f) + T (By(t) = f) or B, —» J/'YK, hep-ph/0201071

B

T

3. CP violation in decay

A4 _ I (Bq(t) — f) o F(Bq(
W T (By(t) = f) + T (B,

N

) = f) Ag|” — | Ay e.g. AAcp
- A2 orD' - 77 2t, K K™

!
...
|

~h|
_|._
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e vvest  Time evolution

Time evolution of neutral B mesons (quantum mechanics on a macroscopic scale)

_ 2 (14 |Ag]?) ¢ ATt  1—|A¢)?
['|[By(t) > f| = Nyl|Af ) (14 af.) e " "< cosh 2q TP cos (AM,t)
2Re(Af) . ATt 2Im(Af) .
| AM ,
TP Slnh( - ) TP sin (AM,t)
With :BL?—}DHW* — BY 5 D;n* = Untagged
Ap=(fHetlBy) . A= (fIHealB), A, = 1247
p Ay

and the tiny quantity czfz to be defined below
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with (Qg) o f5 B 53 and (Q7) o f5 Ry 53, mg/my,fz By sand I =T 4 =

1"(1) - 1998 Beneke, Buchalla, Greub, AL, Nierste
6 - 2003 Franco, Lubicz, Mescia, Tarantino

- 2003 Beneke, Buchalla, AL, Nierste

- 2006 AL, Nierste

<Q6> - B, the same as for AM, B, ; 4 5 new
- 2016 FNAL/MILC
- 2016-18 Grozin, Klein, Mannel, Pivovarov Bd
- 2017 Kirk, AL, Rauh B,

- 2019 King, AL, Rauh B,
- 2019 HPQCD 19007.01025

1“-?(2) - 2017 partly: Asatrian, Hovhannisyan, Nierste, Yeghiazaryan
6 « 2020 partly: Asatrian, Asatryan, Hovhannisyan, Nierste, Tumasyan
- 2021 partly: Gerlach, Nierste, Shtabovenko, Steinhauser

f‘go) - 1996 Beneke, Buchalla, Dunietz < Q7> - So far only Vacuum insertion apprpxim_gtion | . ~
. 2001 Dighe, Hurth, Kim - 2019 HPQCD 1910.00970 rRQ _ mig(bal“)‘p,y,t(l ) DR (B (1 — 75)83)j P
~N T T T T T T T T T T T T T T T T T T T | = : . : W,
1—‘;1) 202x Nierste and friends R W—Lg(bo‘Dp(l — Y°)D?s*)(BP (1 — ~°)s?) | "k
- , ——
(0

- 2007 Badin, Gabbiani, Petrov

ATHCE = (0.091 £ 0.013) ps~!
ATCF = (2.6 £0.4) - 107 ps~!

1912.07621

P——

ATHFEAY = (0.082 + 0.005) ps~!
ATHFLAY = (=13 £6.6) - 107 ps™!

HFLAV, ATLAS 1605.07485

—
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oy 2 5 2 2 = _ 0 4, % =a
with (Qg) o f5 B1 >3 and (Q7) « fz Ry, 3, m/my,fpBysand I'; = Fl(. ) 4][Fl(. '+ ...

(1) - 1998 Beneke, Buchalla, Greub, AL, Nierste
6 - 2003 Franco, Lubicz, Mescia, Tarantino < Q > - B, the same as for AM, B, 5 4 5 new
- 2003 Beneke, Buchalla, AL, Nierste 6 - 2016 FNAL/MILC

* 2006 AL, Nierste + 2016-18 Grozin, Klein, Mannel, Pivovarov B,
———————————————————————————————— - 2017 Kirk, AL, Rauh B,

—(2) * 2017 partly: Asatrian, Hovhannisyan, Nierste, Yeghiazaryan
I . 2019 King, AL, Rauh B,

6 « 2020 partly: Asatrian, Asatryan, Hovhannisyan, Nierste, Tumasyan

- 2021 partly: Gerlach, Nierste, Shtabovenko, Steinhauser * 2019 HPQCD 19007.01025
[© . 1996 Beneke, Buchalla, Dunietz < Q7> + So far only Vacuum insertion approximation _
7 - 2001 Dighe, Hurth, Kim - 2019 HPQCD 1910.00970 By = %(Eaﬁp,yp(l A% DPs) By (1 = 5)s) i
________________________________ b
~ l —.%& . - . W,
F(l) - 202x Nierste and friends  R3 = m_g(baDp(l — Y")D?s*) (b’ (1 — +°)sP) Ok

7 AR B v - - s Bt

] - 2007 Badin, Gabbiani, Petrov
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B0 ™ Status Quo: CPV in Mixing

S A S §2 S
In the ratio I,/ M, theory uncertainties are cancelling Re(r ) = ALS , Im( ; ) = a3, -

12

12

- e ~ -~

f2 B /\ZFSCC+2A /\ suc A2F8uu B ;,2cc+2/\u scc_Fsuc +(Au)2 s,cc _ 9 .;,zuc+ izuu

/ | -
No CKM dependence! - CKM suppression _ ;038 Stronger CKM suppression
No GIM suppression! - GIM suppression VirVia Very strong GIM suppression
No imaginary part!3 Imag-lnary par’-c V|a_ CKM ViV ey Imaginary part via CKM
Small ~ O(5-107°) Leading contribution to a VoV . Subleading contribution to a;and AT

Leading contribution to AI Tiny contribution to AI

Theory uncertainties might

Alternative Scale Setting Pe 'arger but this will only

ai;E"p — (60 + 280) 102, azlSM (2 06 =+ 0.18) 0= become relevant if the exp.
. » . » e (GeV) 5, /M7, I'fy /Mt precision reaches around
o LExP (—21 + 17) 1074, o’ ( A3+ 0.42) 1074, 0. |[—0.00499 < 0.0000221 | —0.00497 — 0.000501 5 ;M
0.2. || —0.00494 + 0.0000231 | —0.00492 — 0.000531 Js
0.5. || —0.00484 + 0.0000261 | —0.00482 — 0.000591 |
HFLAV 1970? 1912.07621 1.0 || —0.00447 + 0.0000371 | —0.00448 — 0.000847| AL "2'38;"8;6‘2"23“”
- R 1.5. ||—0.00287 + 0.0000917 | —0.00309 — 0.00211 et
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du™  CPVin Decay

gy oo g() = L) = ) T (Bs () = f) _ A7~y T 2rlsin (4855 - 9fer ) sin [arg(\) — arg(Me)
T (Bg(t) — f) + T (BJ( Ay 14 7|2 + 2|r| cos (qbQCD — qb%i?) cos [arg(Ay) — arg(Ac)]

K
l

iy

h
+

Peng

QCD QCD

Ap = | ATree| eilémee +ars O] 1 | gPens| gil5is +are(h)]

A = |ATee| eildted —arsOo)] 4 | gPeng| gil#reng —2rs(r)

The leading contribution to the CP asymmetry is proportional to r = | Qfﬁeng | /] Qf}ree |

Extremely hard to predict! o0
(In the case of CPV in interference the leading term was free of hadronic ¢
uncertainties and only the penguin corrections depended on r) "
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| R Non-leptonic decays ,*

3 0 to 9 o deviation of experiment from QCDf predictions with standard error estimates
Talk by Daniel Ferlewicz, Nico Gubernari

N. Skidmore

B(B* - D*K~) _ ' =
(Belle 2111.04978) - @}i%%.oirfgéigf” 1
Colour-allowed Tree-level Decays B(B® — D*K~-)— i - gt
= (2007.10338)
= = N B(BY — D*t K~ L o — | __ Current exp. value
@1 . ) Ps ¢ CKM leading decays ( )~ (PDG)
B :711—“<d@ W~ e The are no anninhilation, penguins,... B(BO — D+ _) o e
b=>cl [} -
e  QCDf should work at its best! B(BY — D*+ ) . I |
< 3 . Beneke, Buchalla, Neubert, Sachrajda 1999... B
_@j> < 7 D (DO L7 @4 B =3 PP P (ag2) B( BO —s Dt~ ) i
B s _ ) )
b»o&s% % X/O d“Tij(u)CbL(U)Jr(’)(A;(ZD) B(BO D*+7T ) .
S - _
B(B" — DYK~)— :
| | | |
2 3 4 5,

Branching fraction
(Units of 107 for b — cud and 10~ for b — cus decays)
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sween - Non-leptonic decays

S e By ¢ :ﬁ‘ ¢ ’ T
- ’ A . :

MQ -

- - N

. L8 | : -
- L S

3 0 to 9 o deviation of experiment from QCDf predictions with standard error estimates
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What could go wrong?
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| P Non-leptonic decays

What could go wrong?

. M Alexander Lenz
5y @alexlenz42

According to the new Belle measurement in
2111.04978, the decay barB d to D+ K- is around 7
sigma of the QCD factorisation prediction in
2007.10338. Where is this discrepancy rooted?

QCD factorisation 90.9%
New Physics 9.1%
Experiment 0%

33 votes - Final results

9:47 AM - Nov 10, 2021 - Twitter Web App
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| P Non-leptonic decays

What could go wrong?

Alexander Lenz
@alexlenz42

According to the new Belle measurement in
2111.04978, the decay barB d to D+ K- is around 7
sigma of the QCD factorisation prediction in
2007.10338. Where is this discrepancy rooted?

» Huber, Krinkl 1606.02888 QCD factorisation 90.9%
* Bordone, Gubernari, Huber, Jung, vanDyk
2007.10338 New Physics 9.1%

* Iguro, Kitahara 2008.01086

* Cai, Deng, Li, Yang 2103.04138

* Bordone, Greljo,Maryocca 2103.10332
* Beneke, Boer, Finauro, Vos 2107.03819

Experiment 0%

33 votes - Final results
Similar for B, —» DFK*

* Fleischer, Malami 2110.04240, 2109.04950 9:47 AM - Nov 10, 2021 - Twitter Web App



Beyond the Flavour Anomalies

UNIVERSITAT

SIEGEN NOn-IeptOnic d

What could go wrong? In the SM the determination of y
IS super precise

Alexander Lenz The ultimate theoretical error on v from B — DK decays
@alexlenz42

Joachim Brod!* and Jure Zupan':!

According to the new Belle measurement in
2111.04978, the decay barB_d to D+ K- is around 7

I Department of Physics, University of Cincinnati, Cincinnati, Ohio 45221,USA

. oo A Abstract
sigma of the QCD factorisation prediction in SLrac
2007.10338. Where is this discre pancy rooted? The angle v of the standard CKM unitarity triangle can be determined from B — DK decays with
a very small irreducible theoretical error, which is only due to second-order electroweak corrections.
QCD factorisation 90.9%
We study these contributions and estimate that their impact on the v determination is to introduce
 vsics 2% a shift |§y| < O(10~7), well below any present or planned future experiment.
Experiment 0%
* Huber, Kréinkl 1606.02888 59 votes - Finalresults If there are BSM effects in non-
* Bordone, Gubernari, Huber, Jung, vanDyk  g.47 AM - Nov10. 2021 - Twitter Web A
o . " . pp | | u
2007.10338 leptonic decays, the determination
* Iguro, Kitahara 2008.01086 T o
* Cai, Deng, Li, Yang 2103.04138 Of }/ can be mOdlfled by @(5 )
* Bordone, Greljo,Maryocca 2103.10332 PHYSICAL REVIEW D 92, 033002 (2015)
* Beneke, Boer, Finauro, Vos 2107.03819 New physics effects in tree-level decays and the precision in the

determination of the quark mixing angle y
Similar for B, > DFK*

. . . Joachim Brod
Fleischer, Malami 2110.04240, 2109.04950 PRISMA Cluster of Excellence and Mainz Institute for Theoretical Physics, upd ate

Johannes Gutenberg University, 55099 Mainz, Germany

Alexander Lenz, Gilberto Tetlalmatzi-Xolocotzi, and Martin Wiebusch AL’ Tetlalmatzi-Xolocotzi

Institute for Particle Physics Phenomenology, Department of Physics, Durham University, 1 91 2.07621
South Road, Durham DHI 3LE, United Kingdom



uff e Non-leptonic decays

Things to check

-BSM in b — ciid would also affect 7(B™)/7(B ) AL, Miiller, Piscopo, Rusov

-Consider CP asymmetries in colour allowed tree-level decays
there is only one amplitude in the SM



Status and prospects
of Non-leptonic B
meson decays

- y . \

Collaborative RegearchCenter TRR 257 '} N #£4
! 770t

S AT RN

31 May 2022 to 2 June 2022

The aim of this event is to discuss the current status in theory and experiment of non-leptonic B v /1, =~ \! o LW

meson decays. This entails talks on calculation techniques, including QCD factorization and N“ ﬁ*&m |\

perturbative QCD with special emphasis on the current status of estimating power corrections. | v LJ. ‘“‘ N

Moreover, this workshop will include sessions devoted to the discussion of different puzzles, old and a7 Js ‘

new, arising within the context of purely hadronic B meson processes. Here, discrepancies between '

the theoretical and the experimental determinations may indicate either potential physics beyond the The University of Siegen has around 18.000 students and it has a large theoretical flavour physics
SM or a critical reassessment of our theory tools. FinaIIy, future experimental prospects on the group with around 40 members. Downtown Siegen offers many pubs, restaurants and cafes, but als¢
expected precision and the measurement of different non-leptonic channels will also be addressed. theaters, cinemas and concert halls.

3

https://indico.scc.kit.edu/event/2641/
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Beyond the Flavour Anomalies

5™ Flavour specific decays

a3 = (60 +280)-10,

o d1is typically measured with semi-leptonic B, decays

1s afP® = (—21417)-107%

HFLAV 19707?




Beyond the Flavour Anomalies

UNIVERSITAT

secen” Flavour specific decays

o dy 7 is typically measured with semi-leptonic B decays

e One could also use the flavour specific B, — Dz~ decay

12 April 2021: Fascinating quantum mechanics.

Precise determination of the B?—B? oscillation frequency.

"A phenomenon in which quantum mechanics gives a most remarkable prediction" - Richard B(BO —3% D+K )

Feynman
o m—— Theo. prediction 1
(Belle 2111.04978) (2103.04138v2)

) °o | —— e Theo. prediction 2
(2007.10338)

Today, the LHCb Collaboration submitted a paper for publication that reports a precise determination of the BS°—§s° oscillation
frequency. This result is presented also today at the joint annual conference of the UK Institute of Physics (IOP), organized by B(BO ) D+K
the University of Edinburgh. The BSO—ESO oscillation is a spectacular and fascinating feature of quantum mechanics. The strange

beauty particle BOs composed of a beauty antiquark (b) bound with a strange quark s turns into its antiparticle partner ESO

composed of a b quark and an s antiquark (s) about 3 million million times per second (3*102) as seen in the image below. B(BO D*+K Current exp. value

B - 2 == (PDQ)
— BY 5> D;a" = BY) - D_w" — Untagged B(BO — DFr™) = |
q B(.B_O D*+ ® ! o !

)7
)7

B(BY — D*tr~) — :
)~

Decays / (0.04 ps)

B(BY — D} K~

| | | |
2 3 4 9
Branching fraction
(Units of 1073 for b — cuid and 10~ for b — cus decays)




Beyond the Flavour Anomalies
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secen - Flavour specific decays,: .
o afz s typically measured with semi-leptonic B, decays

e One could also use the flavour specific B, — Dz~ decay

e Assume: there is new physics in these decays, potentially CP violating

BSM : BSM

Af - A?M 675¢SM673<,0 + |ABSM| equ

A?M el el (1 + re“’se“’") ,

Discrepancy QCDf vs Exp. suggests r ~ 0.1 — 0.2
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5™ Flavour specific decays

o afz s typically measured with semi-leptonic B, decays

e One could also use the flavour specific B, = DIz~ decay
e Assume: there is new physics in these decays, potentially CP violating

e Derive CP asymmetry

A q A9
~ g Adir'

q : : q q,.2
Q. — 2T SIN QSIN @ + 2a,.T COS Y COS Y + AT

q __
Afs T

1 + 2rcos ¢pcosp + 12 — 2a{ rsin ¢ sin ¢

Constrained by

semi-leptonic
Measurements

a3 = (60 +280)-107,

AR = (—DLka7] 04

HFLAV 1970?

S




Beyond the Flavour Anomalies
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5™ Flavour specific decays

o ! is typically measured with semi-leptonic B, decays Gershon, AL, Rusov, Skidmore
fs q 2111.04478

 EE— T

e One could also use the flavour specific B, = DIz~ decay
e Assume: there is new physics in these decays, potentially CP violating

e Derive CP asymmetry

q : : q d .53
A, — 27 SIN QSIN @ + 2a,.T COS P COS Y + AT

Al = ~—
I 1 + 2rcos ¢pcosp + 12 — 2a{ rsin ¢ sin ¢

Constrained by

semi-leptonic

Measurements

Significant exp. deviation of Af‘S] from asql

= unambiguous and theory independent
signhal for BSM

HFLAV 1970?




Quirks in Quark Flavour Physics

The workshop will take place in the beautiful coastal city of Zadar, Croatia.

Jun 14 - 17, 2022
Zadar, Croatia

Europe/Berlin timezone
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We will discuss the state of the current anomalies, puzzles, and quirks in
quark flavour physics. Participants will contribute in the fields of
experimental physics, phenomenology, and lattice field theory.
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https://indico.ph.tum.de/event/6994/
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