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e Penguin control measurements for sin f§, sin 5, to make use of the high precision in B, = J/y¢
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_ This is now the
«CPV in charm experimental precision!

O Direct CPV plus control measurements AA p=Ap(D’ - KYK™) — A -p(D° = nt77)

O CPV in mixing LHCb 1903.08726
O Baryonic analogue of D — ntn , KK :e.g. A, — pn’, 2K S S

See e.g. All theorists agree:

Wilkinson, AL 2011.04443

P —— e ———

AAp is clearly governed by NP!




The usual Suspects: |

«Independent experimental check of anomalies: ATLAS, CMS, Belle Il plus higher precision, Ry,...

: . . CKM : _ _ _ Cabibbo anomaly
«High precision in y=™", Vg, Iin particular V,, and V ,, but maybe also direct infoon V...

DO dimuon anomaly

«Semileptonic CP asymmetries a asl - more precise Al more insightful than more precise ¢.,...

sl’

e Penguin control measurements for sin f§, sin 5, to make use of the high precision in B, = J/y¢

-Baryonic decays A, — AVZZ...

See e.g. Fleischer et al. or

eCPV in charm Artuso, Borissov, AL 1511.09466

O Direct CPV plus control measurements AA p=Ap(D’ - KYK™) — A -p(D° = nt77)

O CPV in mixing LHCb 1903.08726
O Baryonic analogue of D — ntn~, KK :e.g. A, — pn’, 2K ——— —

See e.g.
Wilkinson, AL 2011.04443 What is NP?




The usual Suspects: |

«Independent experimental check of anomalies: ATLAS, CMS, Belle Il plus higher precision, Ry,...

Cabibbo anomaly
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«CPV in charm

O Direct CPV plus control measurements
O CPV in mixing

P/T can currently not be calculated from first principles

Additional assumptions (ideologies) needed - they might be wrong!

® |deology I: NP = Non-perturbative physics

O Bar‘yOﬂlC an aIOgue of D - &« +7Z' . K +K : ¢ “Non-perturbative effects are known to be huge”
Analogy to the A7 = 1/2 rule
See e.g. ¢ Good starting point for arguing: ‘
Wilkinson, AL 2011.04443 singp ~ 1= P/T = 1.3 sufficient for Aacp = —0.00329 \ .ﬁ
® Ideology Il: NP = New physics LAM\ R
*® “Heavy quark expansion and factorisation are known to work well” ‘,( & '(:l.. ;"

- - - - Analogy to the b-system
Control hadronic contributions in charm system ., Good%’{artmg poinyt for arguing:

sin¢ ~ 1/10 = P/T = 13 needed for Aagp = —0.00329



Hadronic Difficulty of Meson Decays

- Leptonic Decays - Semileptonic Decays - Non-leptonic Decays

Decay constant

OB Hsu| B = 1
< ‘ {) ’LL‘ q(p)> Z&“ Form Factors

o m2, — m?
(D°(pp)|c.bl B~ (pB)) = -(P% +pp — —2 > DQ”)

Factorisation

I) Imaginary part of CKM-elements = CP Violation > ( l ( )b|B~) - (7~ |uy*(1 — ~5)d|0)

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

IV) Determination of SM-Parameter
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Hadronic Difficulty of Meson Decays

b — sll anomalies
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b — sll anomalies
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Ancient Anomalies

,- INclusive vs. exclusive

10~3
16~
16~
16
1073

= o 0.74) . 1073 FNAL/MILC

LCSR2 and lattice
LCSR1, BaBar
LCSR1, Belle

lattice 4+ unitarity
HPQCD

B — D*v,
B — DYy
B — Div,
B — Dlv,
B — Dlv,
B, — Dv.
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|V |26442022 — (42,16 4+ 0.51) - 1073

Bordone, Caddevilla, Gambino 2107.00604

Based on NNNLO-QCD!!!

Fael, Schonwald, Steinhauser 2011.13654

Study quark mass definitions

|‘/Cb|excl.

Ancient Anomalies

,- INclusive vs. exclusive

| Vop| 5P = (39.5 +0.9) - 1072.

38.40 +0.74) - 10> FNAL/MILC
40.3+0.8)-107° LCSR2 and lattice
40.3 £ 1.77) - 10~ LCSR1, BaBar
41.04+1.3)-107%  LCSRI, Belle
41.0+1.2)-107° lattice + unitarity
42:242.3) «10~° HPQCD

Improved form factors

B — D*lv,
B — DYy
B — Dlv,
B — Dlv,

B — Dlv,
By~ L Eu.



Ancient Anomalies

V_,: inclusive vs. exclusive

| Vo 252022 — (42,16 + 0.51) - 1072 V| > PPG = (39.5 +0.9) - 1073

 e—

Bordone, Capdevilla, Gambino 2107.00604

Based on NNNLO-QCD!!!

Fael, Schonwald, Steinhauser 2011.13654

AMM = 18.34)/ ps~! AM>M = 16. ()+10ps 1

Perfect matcN ‘/around 30 deviation

AM*P = 17.741(20) ps~"




B Anomalies

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

‘I ® ; | 1 B-Kuu @ low ¢
& ' = 1 B->K*uu @ low ¢

e ; = 1 Bs—»duu @ low ¢

v

C

1 B-Kupu @ high ¢°
1 B-K*uu @ high ¢*

1 Be—>dup @ high ¢

1 B-Xyy

1 Bs—up

IVcbI from all e ——— h |Vcb|excl.

rare decays o —e— 1 [ Veblinel.

30 3 a0 a5 Altmannshofer, Lewis 2112.03437
|Vep| % 10°




B Anomalies

V .. inclusive vs. exclusive affects also some of the b — sll anomalies

I I I I
1 B-Kuu @ low ¢°
' = 1 B->K*uu @ low g°
1 Bs—duu @ low g
; : = 1 B-Kuu @ high ¢*
- ™ * L]
' - 1 B-K*uu @ high ¢*
: = 1 Bs—¢uu @ high g°
[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, Eztraction of spectral densities from lattice
correlators, Phys. Rev. D 99 (2019) 094508, arXiv:1903.0647€. ’ : O g B—)Xs’y
[44] J. Bulava and M. T. Hansen, Scattering amplitudes from finite-volume spectral func-
tions, Phys. Rev. D 100 (2019) 034521, arXiv:1903.1173E. : . ® " ; 7 Bs_)ﬂ/l
[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
O(3) non-linear o-model, arXiv:2111.12774. lVCbl from all I‘/CbleXCL
[47] P. Gambino et al., Lattice QCD study of inclusive semileptonic decays of heavy mesons, rare decayS NP S — 1 |V lincl
arXiv:2203.11762. coinci.
| ] ! ! ! | I ! | 1 ] L 1 |
30 35 40 45 Altmannshofer, Lewis 2112.03437

|Vep| % 10° | — —



The usual Suspects:

e High precision in }/

Allow BSM effects in tree-level

C1 (M) := CP™ (Mw) + AC1 (Mw),

within the SM
CQ(MW) = CSM(Mw) -+ ACQ(Mw),

The ultimate theoretical error on v from B - DK

Verers (Alt. scenario)

decays

Joachim Brod and Jure Zupan

Department of Physics, University of Cincinnati,
Cincinnati, Ohio 45221,U.S.A.

E-mail: brodjm@ucmail .uc.edu, zupanje@ucmail .uc.edu

ABSTRACT: The angle «y 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. We study these contributions and estimate that their impact

on the v determination is to introduce a shift |§y| < O(10~7), well below any present or i i i i i
9 6y S O(1077), w W any p —0.6 —0.4 —0.2 0.0 0.2

planned future experiment.
Re AC, (My, )

Brod, AL, Tetlamatzi-Xolocotzi 1412.1446
AL, Tetlamatzi-Xolocotzi 1912.07621




Ancient Anomalies

The DO dimuon anomaly is still not settled: 3.60

Che New ork Cimes

A New Clue to Explain Existence

By DENNIS OVERBYE MAY 17, 2010

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

mysteries of cosmology: why the universe is composed of matter and not its
evil-twin opposite, antimatter. If confirmed, the finding portends
fundamental discoveries at the new Large Hadron Collider outside Geneva,
as well as a possible explanation for our own existence.

| 1
APITRUON = Cya}y + Cyagy + 5CaAT

Experiment disagrees with the Standard Model predictions by 4 O

V.M.Ahazoy. et al (DO Collaboration)
Phys. Rev. Lett 105 (2010) 081801

V.M.Ahazoy. et al (DO Collaboration)
Phys. Rev. D 84 (2011) 052007

Study of CP violating charge asymmetry...

Phys. Rev. D 89 (2014) 012002

Theoretical update of Bs mixing

JHEP 0706(2007)072; hep-ph/0612167

Numerical update of lifetimes and mixing parameters
Alexander Lenz, Uli Nierste
hep-ph/1102.4274

CP violation in the Bs system

..........................................

Rev.Mod.Phys. 88 (2016) no.4,045002

New interpretation of experimental measurement

Guennadi Borissoy, Boris Hoeneisen
Phys. Rev. D 87 (2013) 074020

Talk at CKM 2014
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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'12| 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) > ) ~T(B,() > ) _|Tua |
(Bu(t) > )+ (B~ 1) | Mo




Status Quo: Mixing

"o npacoor This work
: i SR+matching
FNAL/MILC'16
121 A GKMP'16 I only SR 1
Vv FLAG'9(2)
® FLAG9 (2+1)
¥ HPQCD'19 e
1.0 N
b t,c,u d }:}
(-l B 0.8 * } ]
,c,u 0.6 i
Matthew Black -

G ‘ = s _ s ="
My = e e o BgYMs, .

Significant CKM dependence

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

By far dominant uncertainty

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
3-|00p: Gorbahn,_ . Siegen: King (Durham), AL, Rauh (Bern) 2112.03691

2-loop: Buras, Jamin, Weisz




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 p— (17.741 -+ 00020) ps—l AMS — ( 18.41‘?;) pS_l Precise determination of the B—B¢? 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 ruies 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 §S°

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.

0707 { T —
0 HFLAV (10xerror e A A N . ) —t e RO S — .
, + ( ) o rG2021 fg, \/ Ba, fs.\/ B, B, - D m B, - D« Untagged
- % FLAG'3 - . _
0 65 [ @ — e e e e e e - — - ——— : T . FLAG average for N¢,=2+1+ {g a
T ¥ FLAG'9 - FNAL/MILC'16 - . § i ™ HPQCD 19A M <t
‘ -_--- o ¢ "0" ‘:‘ O. 2000
I { 1 RBC/UKQCD '19 - ," £ ‘,' . FLAG average for Ny=2+1 - 8
| e ‘ "o /c A \
— 0.60- ' 1 Sumrules'9 " - < il PNALMILC 16 ] ,
| L - . b ? —|m——— RBC/UKQCD 14A | . :Ji !
é L HPQCD '19 - A ."' ’ | z —F+—+ FNAL/MILC 11 A 0 S 1000
§~c ; ‘,‘ '.' | i HPQCD 09 — &
i Avg.'19 - o’ ’ ] HPQCD 06A 9 -
< 055 — Ry A F %ﬁ
I y "' 1 N - FLAG average N;=2 -
s : K4 i i . ETM 13B L 0
050 | _— 180 220 260 220 260 300 Me\
0455 .~ . i i Work in progress by

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




Status Quo: Mixing

The 2016 theory value for B-mixing has dramatic consequences Direct determinationof V,,V,, , V.V, and V,./V ,
for BSM models explaining the B anomalies

AL, =1 Loopy determination of V., and V

T T T T T T R T T a) T T
\ \ \

0-10 v T v T v L \J T T

~ Y X \ \ 4
o 5.0 sin2 .
! > €x \ " ’
O v 08 AM; & AMy .‘ \
| a5k | |Vab |excl.: | Veb lexcl. \ \ |
20 1 9 ' |Vab linct.» | Veblinct. u \

\ . \
L\, J \ \ \ \

0.06/

Q
_A23

0.04

o 30]
0.00 WEetE""_ 1 1 |
0 2 4 6 8 10 12 2.57
i L 0 3 40 45
| Vepl X 10°

One constraint to kill them all?

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

Altmannshofer, Lewis 2112.03437
1712.06572 King, Kirk, AL, Rauh 1911.07856

N

———



The usual Suspects: —— mwromemen

Collider signals of baryogenesis and dark matter from B mesons:
A roadmap to discovery

Gonzalo Alonso-Alvarez®,"”" Gilly Elor®,>" and Miguel Escudero®**

«Semileptonic CP asymmetries a?

o» a;; - Could explain Baryon asymmetry...

Semi-leptonic CP asymmetries

Relation to experiment

q .
R I 12 AFS - Decay constants cancel
M {12 AM a completely

- Bag parameter cancel

["i’ ’ : largely
C\,
CP violating! |~ = b

|
Q

q
M7,




Status Quo: Mixing

3 4
[y =—=T6(Q6) + —17(07) +
", ny,

~ ~ ~ ~ a ~
- 2 2 2 0) 1
with (Qg) o f5 B1 >3 and (Q7) « fz Ry, 3, m/my,fpBysand I'; = Fl(. ) 4ﬂFl(. '+ ...

- 1998 Beneke, Buchalla, Greub, AL, Nierste

- 2003 Franco, Lubicz, Mescia, Tarantino < Q > - B, the same as for AM, 82’3’4,5 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,

- 2017 partly: Asatrian, Hovhannisyan, Nierste, Yeghiazaryan
- 2019 King, AL, Rauh B,

« 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 u
H H ° A 7 _ A » = ' Y
- 2001 Dighe, Hurth, Kim 2019 HPQCD 1910.00970 ng _ %(b”‘D,ﬁ”(l %) D) (B (1 — 4%)sP) |
________________________________ b
J 1 _aé_ 5 a\ /(T 5
202x Nierste and friends Rz = W—Lg(b D (1 =4} DPe®}(BP (1 —4)s") |
.. , —

« 2007 Badin, Gabbiani, Petrov AF?IQE _ (0091 4 0013) pS_l AF?IFLAV — (0082 + 0005) ps—l
ATHOE = (2.6 +£04)- 107 ps™! AT =(-1.3+6.6)- 10~ ps~

1912.07621 HFLAV, ATLAS 1605.07485

P—— T — ——




Status Quo: CPV in Mixing

- P - ['Y, AT, f2) _ e
In the ratio I,/ M, theory uncertainties are cancelling Re( : ) =~ AM. Im( 3 ) = aj, -

12 12

2 _ Aclip” + 220" + AT TEE L oA 205" + 35"
is2 /\?Mi‘}z Mfz
/ - Vo
No CKM dependence! * CKM suppression vy, A0 Stronger CKM suppression
No GIM suppression! - GIM suppression b " td Very strong GIM suppression
No imaginary part! Imaginary part via CKM VisVis  1ng Imaginary part via CKM
Small ~ O(5 - 107°) Leading contribution to aj; V.,V =47 - Subleading contribution to agand Al

Leading contribution to AI Tiny contribution to AI

Theory uncertainties might

Alternative Scale Setting Pe 'argern but this will only

“Z;E"P = (60 == 280) .107°, ai;SM = (2.06 + 0.18) 107°, become relevant if the exp.
e » e » e (GeV) 5, /M7, I'fy /Mt precision reaches around
o LExP (—21 + 17) 1074 o HM = (—4.73 + 0.42) 1074 0. || —0.00499 + 0.0000227 | —0.00497 — 0.000507 5 ;M
0.2. || —0.00494 + 0.0000237 | —0.00492 — 0.000531 Js
0.5. || —0.00484 + 0.0000261 | —0.00482 — 0.000597 |
HFLAV 19702 1912.07621 1.0 || —0.00447 + 0.0000377 | —0.00448 — 0.000847 | AL "2'33;"8;6‘2"23“”
- - 1.5. |[—0.00287 + 0.0000917 | —0.00309 — 0.00211 et




CP Violation

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

. = g.B = Xlv

Ag _ I (Bq t) — f) — I (Bq(t) — f) a,?. ~ |F(112\ Sin ¢(1]2 (e)rgB N D+]Z'_

. I B t) — +I'(B,(t) — Nod_irect S Mq 9 S

(Ba(t) = f) + T (By(t) = f)  oarect | M, or B — DK~
2. CP violation in interference of mixing and decay
= See al

. r (l_?Q(t) — f) =T (By(t) = f) e.g. B. = J/¥¢ 15191?02226,

. [ (By(t) = f) + T (By(t) = f) or B, —» J/YK, hep-ph/0201071

B

T

3. CP violation in decay

g DBt = f)-TB) > f) _ A7 - As|? e.g. AAp
dr T (By(t) = f) + T(By(t) — f) A% 4 A orD’ - 7 nt, KKt

e

Ny




Time evolution

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

_ 5 (1 + |)\f‘2) T, ATt 1 — )\f P
['|By(t) > f| = Ng|Ag ) (1+ad)e " "} cosh 2q TP cos (AM,t)
2Re(Af) inh ALt | 2Im(Ar) sin (AMt) L |
1—|-|/\f|2 2 1—|—|)\f|2
With jBL’ —>“1)S7r+ — BY » D;nt =— Untagged
p Ay

and the tiny quantity afz to be defined below




Status Quo: CPV in Interference

I'(B%(t) — f) - T (BY(t) — f) AZE cos(AM,t) + AR sin(AM,t)

Acpf(t) = == =

I (B2(t) — f) + T (B(t) — f) cosh(2%:t) + Aar sinh(2Lst)

dir }= |)‘f|2
- e Vi Vi Ag | -l Ap = (f|Hess|Bs)

B S —
1+ g ViV Ag | 2 f = (fIHess|Bs)

A —_2§Rm CP violat the B? system

Al ]. + |)\f|2 aaaaaaaaaaa (Syracuse U ), Guennadi Borissov (Lancaster U ), Alexander Lenz (Durham U., IPPP ) (Nov 30, 201 )

f there i1s only one decay topology contributing to the decay

Af — IATree| ei[¢%§;5+arg(}\c)] =
/ 'AfCP _ _nCPe—%qﬁfKM

Ay = |Ae] o5 -artn

All hadronic uncertainties are cancelling exactly in the CP asymmetry!
Gold-plated modes



Status Quo: CPV in Interference

f there are two decay topologies contributing to the decay

QCD

__ | gTree i[cj) A +arg(>\c)] ‘ Peng i[¢Q§1D +arg(Ay )] . .
As = |A§"e]e'l®n Ay e Could also be BSM if there is
/if _ ‘A?eel Li[#35P —arg(Ao)] | ‘A?eng Li[6350 —arg(A.)] only one SM amplitude
Then the CP asymmetry depends On CPvioIationintheBg system
_ — . A’u, — Marina Artuso (Syracuse U.), Guennadi Borissov (Lancaster U.), Alexander Lenz (Durham U., IPPP) (Nov 30, 2015)
ﬁ - 57 arg()\c) 1 r e—z arg ( A ) T:?Tg;ﬂ éns: g]eevx:sphys. 88 (2016) 4, 045002, Rev.Mod.Phys. 91 (2019) 4, 049901 (addendum) - e-Print:
A 1 et

- _ Peng Tree
with r = |Q7f |/LQYf |

If penguins are small compared to tree-level, the hadronic corrections are
cancelling to leading order and there Is a correction proportional tor
Penguin pollution



Status Quo: CPV in Interference

Golden plated modes: B, = J/WY¢

Modification due to New Physics

-
| HFLAV M? SM
é DO 8 fb_l Mfz — ‘A ‘ez¢
L 0.13 Realistic 68% CL contours
<] SM precision _ s,SM | x| —;p2
due to penguins (Alog £ = 1.15) 2 — F Al e s
0.11 CMS 116.1 fb~!
IM CDF 9.6 fb! B, — JIY¢
0.09 i »
2d” _9pExp .  _9 BSM
¥by 1.77 | LHCb 4.9 fb~! f;xp S Sﬂ;[Tree Z b5 + Bor Peng t Ps,Peng »
0.0/ 12 = +¢5 + 5
ATLAS 99.7 fbL N
A
0.05 - . . , s

0.5 4.3 a1 - 2.3 tsTrad] not really constrained by ¢
S



Status Quo: CPV in Decay

A; 2 2|r| sin (qﬁggg — qb%gg) sin [arg(Ay,) — arg(Ac)]
) —> f) /—lf + | Ay 2 1+ |r|?2 + 2|r| cos ((,/)QCD — qﬁ%ﬁ?) cos [arg(A,) — arg(A.)]

Peng

['(BJ(t) = f) =T (BY(
I (BY(t) = f) +T (B

.
g
ty
|

Agir.cp,f(t) =

Ny

Af _ |A}‘ree‘ ei[qb,%ig-l—arg()\c)] 3 APeng ei[qbggfg)—l—arg()\u)]

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

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

Extremely hard to predict! ®0
(In the case of CPV in interference the leading term was free of hadronic ¢
uncertainties and only the penguin corrections depended on r)



Direct CP asymmetries

B — K puzzle still present, see. e.g. 1507.03700 o0

Updates: 2002.03262 complete 2-loop penguins -
2107.03819 QED corrections

2104.14871 A p(B° — 7°K°) Bele | We need r = ‘ ﬂpﬁng ‘ / ‘ ﬂTreﬁ‘
SU(3) symmetry e.g. 1806.08783, 2111.06418,... f f

comprehensive phenomenological study missing

AA p: direct CP violation in the charm system DY — K*K~vs. DY — ntzn™
=xperiment: LHCb 03/2019

Theory: SM or not SM? S R \f‘
E.g. 1903.10952,1909.03063 vs. 1903.10490, 1909.11242 B

We need r = | of "¢ |/| ;™| (2]



Not so well-known:




[]
AT ;: A Forgotten Null Test of the Standard Model

«7(B,)/7(B,) and AI', Tim Gershon!
Remember: DO di muon asymmetry....

Measurement of the relative width difference of the
B°-BY system with the ATLAS detector

ATLAS
rrrrrrrrrrrr
The ATLAS collaboration
E-mail: atlas.publications@cern.ch
ABSTRACT: This paper presents the measurement of the relative width difference AT'4/T4
of the B%-BY system using the data c ll cte l by the ATLAS experiment at th IHC in pp

collisions at /s = 7TeV and /s = 8 TeV and corresponding to an integratcd luminosity of
25.2fb~1. The value of AI'y/T; is obtained by comparing the decay-time distributions of
B - J/¥Kg and B — J/1K*°(892) decays. The result is ATy/Ty = (—0.1£1.1 (stat.)+
0.9 (syst.)) x 10~2. Currently, this is the most precise single measurement of AT'y/T'y. It
agrees with the Standard Model prediction and the measurements by other experiments.

b — df?, e.g. differential g distr. & CP asym. in B — 7/, see e.g. Rusov 1911.12819, R,

b — s77 transitions, e.g. Cornella, Isidori, Konig, Liechti, Owen 2001.04470

e Inclusive B = X .0°¢, e.g. Huber, Hurth, Jenkins, Lunghi, Qin, Vos 2007.04191

Rusa Mandal, Clara Murgui,

B — D*uv- angular distribution, or even better B — D*rv distribution

Ana Penuelas, Antonio Pich

q"2 distribution not enough, as effects of some NP operators can only be 2004.06726

seen In particular angular observables

- for a complete LCSR analysis of nonlocal effects (charm loop etc.) in B, — ¢¢7,
accurate data on BR and amplitude decomposition are needed on hgdr‘onlc B -decays such as
B, = y¢ where y are charmonia J/y, y(2S) and above, also B, — DYDg (for B — K and B — K* channels

thls type of data is available)

The BR and angular distributions of hadronic decays are needed as inputs (pole residues) in the dispersion relation for the B, = ¢£¢ nonlocal amplitude to be matched to the LCSR calculation

A. Khodjamirian



Als[ps™]

(B,)/t(B )

A less well known 4 sigma anomaly :-)

HFLAV

PDG 2021

116.1 fb~!

Theor
0.10- KL
0.081 .

0.06-

LHCb 4.9

Combined”

s scaled by 2.5 ATLAS 99.7 fb~1

0.04- = s scaled by 1.77
CDF 9.6 fb
0%ea0 0.650 0.660 0.670 0.680

Fs[ps™]
SM based on 1711.02100,
based on hep-ph/0202106
and hep-ph/0203089 - obtained via

But be aware:
so far large Darwin term has not been included

AL, Piscopo, Rusov 2004.09527
Mannel, Moreno, Pivovarov 2004.09485

- % ' § Dominant uncertainty
3 3
pD(BS) o pD(Bd)
Os Os
unknown  Known from inclusive
V., determination

[y = 1/[2(By)/2(B)1"%" * 1/2(B)™"



(B,)/t(B )

Precise lifetime ratio in Exp. and Theory can be

Still higher experimental precision needed
HFLAV

Credit M. Kirk

. SM

used to constrain BSM effects o

(T(B.)) j

oy~ L+ 7B (T — T3
T\Dd)) —

-exvp-. theory 098

+H{BRIB: = XY 8RB, = )™ T o

indirectly constrained % ~

0.94

Examples: '

0.92;

oD — STT, see Bobeth, Haisch 1109.1826 -

L

2003 2005

e New non-leptonic tree-level operators

( Baryogenesis and Dark Matter from B Mesons: B-Mesogenesis )

¢ B m e S O n b apyoge n ge S I S rOut of equilibrium L o B-mesons decay into
late time decay CP violating oscillations Dark Matter and hadrons
E Dark Matter
® (anti-Baryon)
0 < ' /
b \ @ Baryon
1 Tr ~ 15 MeV Br(B = v+ B+ M)

(1.0024 = 0.0041) [LHCb, 1906.08356]

(0.9829 - 0.0040) [ATLAS, 2001.07115]

(1.0073 = 0.0077) [CMS PAS BPH-20-001] ||

|
2007

T I [ 1
2011 2013 2015 2017

Year

| [
2009 2019

Ann Nelson,....
Gonzalo-Alvarez, Elor, Escudero



b - dff

e Additionally CKM suppressed

Vir Vo Vib V7

2022 = td 1~ 0.05
Vib Vi Vib Vi
e b — d transitions induce non-vanishing direct CP-asymmetry

B > (n,p,®)¢¢ and B, —» (n, K*)¢¢ = Inb—=s

Study also decays like

Vi V| ~ | Vb V| ~ N2> |V Vi | ~ A®

> In b — d: ) ) ) .
‘thvta" e ‘Vcchd| e Vuqudl ~ A

e Also sensitive to contribution from New Physics (NP)

Aleksey Rusov

The semileptonic b — d¢™ £~ transitions



Surprise and/or Underdogs




Surprise and/or underdogs...:

e Inclusive semi-leptonic fit of moments in B, decays at LHCb'? Belle 1I?
Determine also non-perturbative matrix elements //tG(B )s U (B ), pD(B ), .

e|Inclusive semi-leptonic fit of moments of charm decays BESIII Belle 117
Determine also non-perturbative matrix elements ,uG(D) //tﬂ(D) pD(D)

Non-leptonic tree-level decays: BSM in leading tree-level? B - Kn puzzle

e B. = tv: determination of V_, depending only on decay Constanth

-Very rare to impossible decays: B, — 7, B — Kzu,.... and also D decays
T — uuu and friends

measurement of V, . from 7 decays with reasonable precision, Belle |I?
Test Cabibbo anomaly, without any lattice input



Surprise and/or underdogs...:

Test of our theory tools:

Results

7(D°) = 410.5+1.140.8fs
7(D1) =1030.4 4.7+ 3.1fs

7(D*)/7(D°) = 2.510 + 0.015

determined considering correlations between (systematic) uncertainties

= (Consistent with current world averages 410.1+1.5 fs (D% and
104047 fs (D).

= \World’s most precise measurements of the D9 and D+ lifetimes

= Few %o accuracy (3.5%o for the DO and 5.4%o for the D+)
establishes excellent performance of our detector!

= submitted to PRL, https://arxiv.org/abs/2108.03216

D lifetimes HQL2021

D° lifetime [fs]

O NS
— —_—
= o
LI LI

D* lifetime [fs]

S8 8885 E

[
(e}
~
o

p—
(=
3
LINLE IRLENL N

1020 |

1010 f

—
o0
TTT [T T

1050 |

1040 |

1030 |

0 =
= |5 D 2
[ 1V P~ L
m m o B
(@) Q .
af 12 gl
®) e T
m o
y— 2
m -
Z i
L I 1 I 1 I I_':
2000 2010 2020
Year
l 1 I L 1 I l_I
D :
" ;
. -
18 - & .
5 S S
3 [8 2
0'_] (a @
O =
J .
© 3]
m —
L I 1 1 I L 1 I 1
2000 2010 2020
Year

Total inclusive quantities, like lifetimes or

inclusive semi-leptonic branching ratios:

Theoretically well-behaved

compared to crazy GIM cancellations in D- mixing

05 ‘ i O~ i @
T3+ T 2>+r6< §>+...+167r2 (r6< §>+r7< ?
mC C c C
q1 f&w 1 a1

|
|
: U U
| i | U |
C C C C C G C = C C ' C
3 e q q q q
Os O; O, Og O;

See also: charmed baryons Gratrex, Melic, Nisandzic 2204.11935



Surprise and/or underdogs...:

Convergence of HQE in the charm system? NLO-QCD
-
i
._g (D)=
e —
T Assume EOM 3-loop VIA
! : .—+_‘: B=D
o Take from HQET SR
Experiment e V., fit
HQE kinetic e
HOE 1S ma 4 e Huge uncertainties
o e HQE covers experiment
_ 1 _6_5 0 015 1' 115 é e < ]o deviation for SU(3)F breaking in sl

D. King, AL, M.L. Piscopo, T. Rauh, A. Rusov, C. Viahos 2109.13219



Surprise and/or underdogs...:

How to improve the precision of the HQE in the charm system?

+
I'2:

FD"

sl

= 1—0.40 [u7(Ds) — pz(D)] — 1.21 [u(Ds) — p&(D)] + 3.13[pp(Ds) — pp(D)]

—8.84 Bf +8.84 B5 —3.02& +2.79& +0.00
v/
dim—7,VIA
2 S 0 o5 __ =8 3y momentum analysis of inclusive
=1-0.04 il #TT(D) 0.02 t(Ds) 'UG(D) 0.1 Pp(Ds) ~ pp(D) — semileptonic D meson d b
0.1 GeV?2 0.02 GeV?2 0.035 GeV?2 P eson decays by
0.00 —0.0065; +0.00555 +0.06 —1_ — 0.06 — FEsl Belie e
L2 NS TR O 3 "™ o
dim—6,7,VIA

+0.0009 r{? + 0.0006 r3? + 0.0112 r{" + 0.0079 r3°

Bag parameter determined with
3-loop HQET sum rules:1711.02100

New: ms corrections King, AL, Rauh, to appear
—0.0013 -r — 0.0009 r 740.0223 ri- + 0.0165r5° ’
New: first ever determination of eye-contractions

King, AL, Rauh, to appear

Lattice cross-check of HQET sum rules: Oliver Witzel, Matthew Black



Non-leptonic decays

3 0 to 9 o deviation of experiment from QCDf predictions with standard error estimates

N. Skidmore

I —

B(B® — DYK™) _ -
(Belle 2111.04978) o ey e iy
Colour-allowed Tree-level Decays B(B'— D*K-)~| o Theo. prediction 2
) = (2007.10338)
= = B(BY — D*T K~ - o - __ Current exp. value
. < D<o CKM leading decays ( )~ ' (PDG)
= ; 20 tor—
s w T~ e Theare no annihilation, penguins,... B (B D ) 1 ——
bécc\f\f\%m&\ v . -~
= » QCDf should work at its best! B(BY — D) — . I— |
- S Beneke, Buchalla, Neubert, Sachrajda 1999... _
Zm ) e B(B® — D) —
<= (DO*+L7| ;8% =3 FE=P () )
= 3 _ jl -
b_mn;i—%<u@ V\ < [ auTswsnt) +0 (292 B(BY —» D**r~) — .
Sheli Cfoe | _
B(B? - DIfK™)— .
| | | |
2 3 4 D

Branching fraction
(Units of 1072 for b — cud and 10~* for b — cus decays)



Non-leptonic decays

What could go wrong?



Non-leptonic decays

What could go wrong?

. M Alexander Lenz
Uy ©@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



e Huber, Krankl 1606.02888

* Bordone, Gubernari, Huber, Jung, vanDyk
2007.10338

* Iguro, Kitahara 2008.01086

* Cai, Deng, Li, Yang 2103.04138

* Bordone, Greljo,Maryocca 2103.10332

* Beneke, Boer, Finauro, Vos 2107.03819

Similar for B, —» DFK*
e Fleischer, Malami 2110.04240, 2109.04950

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?

QCD factorisation 90.9%
New Physics 9.1%
Experiment 0%

33 votes - Final results

9:47 AM - Nov 10, 2021 - Twitter Web App



Non-leptonic decays

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

. . . & s . 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
Bl nysics Sl a shift [0y < O(10~7), well below any present or planned future experiment.
Experiment 0%
* Huber, Krinkl 1606.02888 59 votes - Final results If there are BSM effects in non-
* Bordone, Gubernari, Huber, Jung, vanDyk  g.47 AM - Nov10. 2021 - Twitter Web A
- ’ pp = ] [
2007.10338 leptonic decays, the determination
* Iguro, Kitahara 2008.01086 T o
+ Cai, Deng, Li, Yang 2103.04138 of y can be modified by O(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



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/

95



Flavour specific decays

a3 = (60 +280)-107",

. afz s typically measured with semi-leptonic B, decays oo _ (om0

HFLAV 19707



Flavour specific decays

fs

s 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
Feynman

Today, the LHCb Collaboration submitted a paper for publication that reports a precise determination of the Bs°—§5° oscillation
frequency. This result is presented also today at the joint annual conference of the UK Institute of Physics (IOP), organized by
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 (§) about 3 million million times per second (3*1012) as seen in the image below.

— B) - Dt — Untagged

— BY =5 Do ot

2000 | AN

1000 F e

Decays / (0.04 ps)

0F

B(B* - DYK™) _|
(Belle 2111.04978
B(BY - DtK~

)
)7
7))~
B(BY — Dir~) —
m)
)T
m) 7
)T

Theo. prediction 1
(2103.04138v2)

Theo. prediction 2
(2007.10338)

Current exp. value

(PDG)

_'—

2

|
3

Branching fraction

|
4

D

(Units of 1072 for b — cud and 10™* for b — cus decays)




Flavour specific decays

o a]g 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

Af = A§M ei® ieT A?SM ei® " gl

. SM : SM
¢

A?M e'?  e'¥ (1 -+ rei‘ﬁew) ,

BSM

Discrepancy QCDf vs Exp. suggests r ~ 0.1 — 0.2



Flavour specific decays

o a]g 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
~ 2rsin ¢ sin @ < 0.40
ag, — 27 sin ¢ sin ¢ + 2a; r cos ¢ cos p + a?srz

A = g, — A3
I 1 + 2rcos ¢pcosp + 12 — 2a{ rsin ¢ sin ¢ = o

Constrained by
semi-leptonic
Measurements

a3 = (60 +280)-1077,

AR = (—DLka7] 04

HFLAV 1970?




Flavour specific decays

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

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

e Derive CP asymmetry
~ 2rsin ¢ sin @ < 0.40
ag, — 27 sin ¢ sin @ + 2a r cos ¢ cos ¢ + af r’

A: = ~ I — .
Ie 1 + 2rcos ¢pcosp + 12 — 2a{ rsin ¢ sin ¢ i o

Constrained by
semi-leptonic

Significant exp. deviation of Afz from asql Measurements

a3 = (60 +280)-107,

= unambiguous and theory independent
signhal for BSM

AR = (—DLka7] 04

HFLAV 1970?

S




Conclusion

Many, many interesting topics ahead of us

also besides the very important and interesting B anomalies



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

- e
- T

IRSRas

& 4§ .
) e

N
e

& g

9‘ -~

oy i
a. -

iy
i

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.

wtopd |
17 14
ot

h

ve—d
B
(

E. :
=
T

https://indico.ph.tum.de/event/6994/
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Additional Material



Status Quo: Charm Mixing

The charm system is theoretically

more difficult than the b system since r(D°) — ¢

?(DJ“) ® .

[(D7) —s

as(mc) ~ 0.34 7(DT)/7(D%) e

7(DF) /(D) —— o

Aocp  Nocp Bd "~

— 33— BY -

mc mb ?5? 0 {#: =

Nevertheless the Heavy Quark Expansion Ly | l i
might still converge in the charm system 1 -05 0 05 1 1.5

King, AL, Piscopo, Rauh, Rusov, Vlahos

2109.13219
Alexander Lenz (Siegen U.), Guy Wilkinson (Oxford U.) (Nov 9, 2020) 7 7
e-Print: 2011.04443 [hep-ph]

— — But for mixing it gets much worse

Mixing and CP violation in the charm system




Status Quo: Charm Mixing

B-miIxing D-mixing




Status Quo: Charm Mixing

B-mixing

Mo = @ D & A 5 (L)
FhlIECe L el Bt slaieir A AL Fled)

+ Aa ’,\u?(‘\&x} ¥ D BCh e B At ¥g{¢\')

FhcALECeia) + A F(s8) + A aL Flsb)
I G = T TR R0 W (IR R il (O

= Ay [(FGEO - 280 & Blsie)
Y22 AL TGy -FCav ) + R B -F (s W)\
* LSGis) -1 F (e B+ F (bbb

= ?“}‘ [\"—(c\c\ - 2 Flud) ¢ Fluu))
Y2002 TR Cee) - Flue) + Blud) - Flaed))

o MaT ] [ 0 ¥ ()~ F R

CKM dominant = GIM dominant CKM suppressed = GIM dominant
CKM suppressed = GIM suppresseo CKM dominant = GIM suppressed



Status Quo: Charm Mixing

AM
r = FDD — 4.091048 . 103

5@

AT D _ Al—vnaive HQE . ‘
= 6.1570-26 . 1073 2 ~ 1075 -4

A — o, 0.15 "= AFIF;XP' 107...10 ../-\

HFLAV AL, Piscopo, Vlahos

p— 2007.03022
BO . ARG US DO . Bel |e & Ba Ba r DO - LH Cb 8 June 2021: First observation of the mass difference between neutral charm
' ' * mesons.
Observation of BY oscillations Evidence of D9 oscillations Observation of DY mass difference X = (3.983%) x 103
Phys.Rev.Lett. 98 (2007) 211802
Phys.Lett.B 192 (1987) 245 Phys.Rev.Lett. 98 (2007) 211803 LHCb-PAPER-2021-009 < my-m; = 6.4x10°® eV = 0.00000000000000000000000000000000000001 grams (1x10~3%g)
£ ; * (m1-m>)/(D%mass) = 3x10°13
Today, the LHCb Collaboration submitted a paper for publication that reports the first observation of the mass difference

between neutral charm mesons (or rather their mass eigenstates for experts). The result is also presented today at the CERN

seminar and was reported last week at the 10" International Workshop on CHARM Physics. This mass difference determines the

1955 1987 2006 2007 2013 2021 _

5 % ¥ Exclusive approaches

Va
0 0 . 0. Estimate phase space effects for y: Falk et al. 0110317
K B S* CDF D - LHCb - assume pert. SU(3)F breaking y A 1(7
i : : e : I ; ~ 170
Behavior of neutral particles Observation of B2 oscillations |§| Observation of D° oscillations - neglect 3rd family _ _
e.g. Phys.Rev. 97 (1955) 1387 Phys.Rev.Lett. 97 (2006) 242003 Phys.Rev.Lett. 110 (2013) 101802 - neglect SU(3)F breaking in matrix elements - no QCD calculation

Mass difference from a dispersion relation Falk et al. 0402204 r=1Y

Exp. data Cheng, Chiang 1005.1106 £ < O(0.1%) y o< O(few 0.1%)
U-Spin sum rule Gronau, Rosner 2012

Factorisation-assisted topological amplitude approach

Jiang et al. 1705.07335 Y R 02%

2012: AI", by LHCb




Status Quo: Charm Mixing

The HQE is successful in the B system and for D meson lifetimes
=> apply it for D-mixing

//I[I)(el ~ \ (lﬁ _— )lﬁ\([ L [(l/()) l()— )//5'7\1)

S

How can this be?

Look only at a single diagram:

I{QE # AQ TD i 3 7 10 2 6ylE)Xp.

pert. calculation: Bobrowski et al 1002.4794
lattice input: ETM 1403.7302; 1505.06639; FNAL/MILC 1706.04622
HQET sum rules: Kirk, AL, Rauh 1711.02100

The problem seems to originate in the extreme GIM cancellations



Status Quo: Charm Mixing

1. Duality violations - break down of HQE N /ﬂ 1) Vary u* % and %
%5 — I'5(1+6%),  20% of duality violation e independently between
is sufficient to explain |} B > 1 GeV and 2 m
d d sd ' % o f e ¢
Ies _ T8 (1 + 4 ) experiment B Y | |
14 L4 ’ o F = uncertainty increases
Jubb, Kirk, AL, \/ d e
'ée — Fdd(l 1 5dd) , Tetlalmatzi-Xolocotzi 2016 02 / / / and exp. value IS
12 = ( w/ covered
5  Higher dimensions | - 2) Choose scales somehow
o g Georgi 9209291; Ohl, Ricciardi,Simmons 9301212; Bigi, ._L_._l_ra_ltse.y 0005089 ph 56 space inspired as
Idea: GIM cancellation is lifted by higher orders in the HQE PN
- overcompensating the 1/mc suppression.

Partial calculation of D=9 yields an enhancement - but not ;
to the experimental value sobrowski, AL, Rauh 2012

Ol

LS DS, I 0.

3. Renormalisation scale setting: AL, pPiscopo, Viahos 2020 ,S“u X EX ;\v m

By = um = ,uw Implicitly assumes a precision of 10/-5! @X 12__, ,/° ¢\X \‘” \"\(

.....

4. New Physics is present and we cannot prove it yet:-) U XX ”’f‘ AX



