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Unique gate to flavor structure of up-type quarks

agp(D° — K'K™) — agp(D’ — n*n)
= (-0.161 £ 0.028)% .

[LHCb 1903.08726, HFLAV 2021]

The problem: Is it SM?

[CERN]
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Direct CP Violation is an Interference Effect

AD° — N -AD — 1P
LAY — NP +AD — [P

= 2rCKM rQcp sin YckMm S 6QCD

alr(f) =

f = CP-eigenstate.

The decay amplitude:

A =1+ rckm rocp ¢! ($CKM+OQCD)

@ rckwm : real ratio of CKM matrix elements.
@ @ckm - weak phase.
@ rqcp: real ratio of hadronic matrix elements.

@ Oqcp : strong phase.
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Introduction

Where does the interference come from?

V* Vi
cd’ U _
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Introduction
Weak and strong factors

AD — i — KK)

AD S KR~ rewwne™™) (racne™)

@ rqcp: ratio of hadronic amplitudes.
® Oqcp = 0(1)' strong phase.

ud/( us)

® QYoM R 6- 10~*: deviation From 2 >< 2 unltarlty.

Prediction

Aad” = 10_3 X rQcop

o U-spin decomposition: rocp = AAV=0 ) AAU=T
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Introduction
Can we overcome soft QCD in Charm?

Expansion parameters
o In kaon decays we have m/A.

o In B decays we have A/m.

o Incharm...?

Need to revisit toolbox / find new strategies.

Stefan Schacht Theory of Charm CP Violation Imperial College, February 2024 6/47



Introduction

The three Al = 1/2 rules for P — &

@ Relevant ratio of strong isospin matrix elements:

rélczl;/z = AM=1Z JAM=3/2 1 Kaon | Charm | Beauty
Data 22 2.5 1.5
“No QCD" limit V2 V2 \2
Enhancement 0(10) | O(1) | O(ay)

[D: Franco Mishima Silvestrini 2012, B: Grinstein Pirtskhalava Stone Uttayarat 2014]

@ Rescattering most importantin K decays, less important but still
significant in D decays, and small in B decays.
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Introduction

Can we tell a loop from a tree?

Aad[r 10—3 % rQCD , rQCD — ﬂAU:O/ﬂAU:l

Assuming the SM, the data implies rQ =O(1).

What is rQCD = |P/T|?

@ Light Cone Sum Rules (LCSR): r(szl\é[D ~0.1.

[Petrov Khodjamirian 1706.07780, Chala Lenz Rusov Scholtz 1903.10490, Lenz Piscopo Rusov 2312.13245]

@ Large non-pert. effects from low energy QCD: rél\c/[D =O0(1).
(Like in charm Al = 1/2 rule))
[Grossman Schacht 1903.10952, Brod Kagan Zupan 1111.5000, Schacht Soni 2110.07619]
@ Using /KK rescattering data: Under debate. [Franco Mishima Silvestrini

1203.3131, Bediaga Frederico Magalhaes 2203.04056, Pich Solomonidi Vale Silva 2305.11951 ]
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Introduction

The case for rocp ~ 0.1 just got a bit stronger

[Lenz Piscopo Rusov 2312.13245]

e Test of charm LCSR results with tree diagrams.

e Very good agreement with the data!

e However, heavy-quark and 1/N.. limit are identical for T.

e Therefore, ultimate test case:
Can we understand the charm Al = 1/2 rule?
(need color-suppressed C and exchange diagrams E).
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Introduction

Outline

e Beyond AAcp: A U-spin anomaly?

e Flavor Symmetry Methods at any Order.

e Determination of the D — mr penguin over tree ratio.
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Beyond AAcp

Beyond AAcp: A U-spin anomaly?
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Beyond AAcp

Going beyond Aad”

[LHCb, 2209.03179]

oo == 7 ]
0.004 ; + Nodirect CPV {
0.002 o .. é

of e
-0.002| b - -
-0.004 ?co;{c;ii'r_s“ﬁ-old 68%,95% CL 7

|

0004 <0002 0 0002 0004
aK K+
@ First evidence of direct CPV in single decay, D° — n*77: 3.80-.
o ai(D’ —» K*K™) =(7.7+5.7)-107*,
dlr(DO —atn)=232+6.1)-107.
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Beyond AAcp

Violation of a U-spin limit sum rule

@ Separate measurement of both CP asymmetries allows for first time
test of the U-spin expansion in CKM-suppressed amplitudes.
U-spin limit sum rule: Broken at 270 [LHCb, 2209.03179]

- U-
Sal = a?r(D° — K*K™) + aln(D° - xtr) V2"

Improved U-spin limit sum rule: Broken at 2.10"  [schacht, 2207.08539]
_F(DO — K+K—) adll‘ (DO K+K—) _ _0 93+062 + +1
I'(D° — ntn) adlr (DY — ) -0l '

@ U-spin breaking is expected: Only approximate symmetry.

@ Amount goes beyond generic expectations of ~ 30% at 1.9¢.

Stefan Schacht Theory of Charm CP Violation Imperial College, February 2024 13 /47



Beyond AAcp

U-spin breaking in the CKM-subleading amplitude

[Schacht 2207.08539]
e Toorder O(g%):

1/2Im(py) _ Zagp 1

= — + —Riknn -
Im(po)  Aadr  27KF

@ We have no sensitivity yet to the corresponding real parts.
B Need very precise measurements of time-dependent CP violation.
Assumption

Due to non-perturbative rescattering, the phases of py and p; are O(1),
resulting in

‘Im(ﬁl) 1Bl
Im(po)l  [Pol )
Stefan Schacht Theory of Charm CP Violation
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Beyond AAcp

CKM-subleading U-spin breaking: (173f§i) %0

[Schacht 2207.08539]

3T
dir
% — Dependence on X acp
5 2r
§ 30% U-spin breaking
=
Q2
= b — Data ]
a,
I
=
w 0
g
g
g
s -1 1
3
7
g -2f ]
@)
_3L L L L L L
—0.006 —0.004 —0.002 0.000 0.002 0.004 0.006

Lady
o Zalt = alr (D’ - K*K™) + ali(D° — n*n).
@ Large centralvalue ~ 20 from O(30%).
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Beyond AAcp

Model-Independent Predictions

Large U-spin breaking indicates large AU = 1 operator(s).
It Follows O(1) breaking of U-spin limit sum rule:
I(D° - K*K) _ aly(D’ —r'n)

(D" - mtn) _a‘éi;(DO — K*K")

broken at O(1),

Connected to wider class of decays via SU(3)-flavor symmetry.

(D" > KK  aiDr - Kon%)

= - also broken at O(1).
T(Dy = Kon') - gdinpr — KK

Expect

Improved versions of these sum rules: [Maller Nierste Schacht 1506.04121]
al(D® — K*K7), af(D° — ntn), a¥n(D’ — n°2%, and
alii(D* — KsK*), a%(D! — Ksn'*),aln(DF — K*n%).

These should also be broken at O(1).
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Beyond AAcp

Explanations beyond the SM: “AU = 1 models”

@ NP models with AU = 1 operators can explain breaking of
U-spin limit sum rules.  [Hiller Jung Schacht 1211.3734]

e Additional operators with flavor content Sciis and/or dciid with
non-universal coefficients.

@ Example: Z’ models where fermion charges depend on generation.
[Bause Gisbert Golz Hiller 2004.01206],
[Bause Gisbert Hiller Hohne Litim Steudtner 2210.16330]

Ly D (g’,‘fﬁLy“cLZ; + gk UrY"crZ, + h.c.)
+ g[Ll‘zLyﬂdLZ;, + g?’ec?Ry"dRZ,;
+ giELy“sLZ/; + g,‘eERy“sRZ;
+ gy L Z, + gilpy IR Z,
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Beyond AAcp

Z’ model predictions

[Bause Gisbert Hiller Hohne Litim Steudtner 2210.16330]

3
i === U-spin limit
: w— BM T
1 m— BM 1
- P m— BM I, IV
S AALHOD19
R LHCb 2022
—~
I&
S
~—
a
<
L L B B B

Acp (7r+7r_) 103
@ Viable models with leptophobic Z’ below O(20 GeV).

@ Pattern of CPviolationin D — &, including adCiI’,(DJr — 1t1% # 0.
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Beyond AAcp

But is U-spin actually a good symmetry?
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Beyond AAcp

But is U-spin actually a good symmetry?

Spectroscopy: Eightfold way. [Gell-Mann, Ne’eman 1961]
@ SUQ)r limit agrees with baryon octet mass splitting to ~ 10%

[Greiner Mller 1989]

Does it work for rates, too?
@ Estimate for breaking on amplitude level: fx/f — 1 ~ 0.2.

@ Two often-cited examples of seemingly O(1) U-spin breaking:

B(DO - K+K_) 3 B(DO — KSKS) 0.03
B(DO N 7T+7r‘) oxp ’ B(DO N K+K_) oxp . 5
@ Strict SU3) £ limit (including phase space):
B(DO — K+K_) -1 B(DO = KsKs) _
B(D° — ntr) ’ B(DY - K*K~) ’

v
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Beyond AAcp

Yes. (But we keep testing it at every opportunity.)

[detailed review in Schacht 2207.08539]

A closer look

@ Amplitude-level SU(3)r breaking of & ~ 30% suffices in order to
explain the data. [Savage 1991]

(1+¢)? 5

—(1 g 3.

@ Amplitude-level SU(3)r -breaking in DY — KsKg:

0.26,

. [BDY5 KK)  [28(D° - KsKs)
C " N8 S kK - B = KK

@ Observations agree with global fits.
[Hiller Jung Schacht 1211.3734, Mller Nierste Schacht 1503.06759]

v
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Beyond AAcp

The picture holds at higher order, too.

[Brod Grossman Kagan Zupan 1203.6659]
Ratio of branching ratios:

|ﬂ(D0 - K+K—)/(Vcsvus)| + |~ﬂ(Do - 7T+7r—)/(Vchud)|
RDPP = —

|~?{(D0 - K+7T—)/(Vcdvus)| + |~7{(D0 - K_7T+)/(Vcsvud)|

U-spin prediction
RY., = O().

Data

RSP, = 0.046 +0.008,

o If U-spin breaking were O(1), we would have R0, = O(1).

@ Instead, perfectly consistent with O(g?).
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Flavor Symmetry Methods at any Order

Flavor Symmetry Methods at any Order
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Flavor Symmetry Methods at any Order

SU(3)-flavor

@ SU(3): Approximate symmetry for the light quarks u, d, s.
@ Very useful, but O(30%) breaking from corrections.
@ Goingto higher order: complicated.

(15)® (8) = (42) ® 24) & (15)) & (15,) & (15) & (6) ® (3)
©)©®) =215 e 6)e3)

vecyd | &' [ Bp [ B | B2 | B | B [ B |
DY — 7970 _iﬁ _i if _Zi 1 — T 5[\/1@
8V5 82 20 4410 10V2 20 20 V61
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Flavor Symmetry Methods at any Order

Solving the Problem of Higher Order U-spin

[Gavrilova Grossman Schacht, 2205.12975]

Theorems enabling calculations to arbitrary order.

@ We are able to determine a priori up to which order sum rules exist.
@ We do not need explicit Clebsches. Big complexity reduction.
@ Hope: Opens the door for precision in hadronic decays.

@ Close a gap between theory and experiment, especially regarding
multi-body decays.

Take advantage of precision data on nonleptonic decays.
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Flavor Symmetry Methods at any Order

Systematics of U-spin breaking

@ U-spin breaking from mass difference of strange and down quarks:
ms —m
g=—2103.
Aqcp
@ Parametrized by triplet-operator H,:
Hi= ) fun(HA®H'), HY=H.® - ®H,.
————
m,b b

@ Any system can be constructed from tensor products of doublets.
@ Movingirreps (“crossing sym.”) does not affect structure of sum rules.
@ Without loss of generality, consider doublet-only system with

®n
0— (5) and singlet Hamiltonian.
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Flavor Symmetry Methods at any Order

Properties of U-spin pairs

[Gavrilova Grossman Schacht, 2205.12975]
@ Amplitude:

Aj:(—,—,+,—,+,...,+):ZCJ-QXC,.

@ U-spin conjugated amplitude (complete interchange s <> d):

Aj=(ht o) = (=17 Y (1) CiuXa.

n

@ Notation: Abbreviate m-quantum number: +1/2 — +.
X,: Reduced matrix element. C,: Clebsches.
@ Define (anti-)symmetric combinations of U-spin pairs:

ajEAj—(—l)ij, sjEAj-f-(—l)ij.
S — —
oddinb eveninb
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Flavor Symmetry Methods at any Order

Results: Sum Rules at any order of U-spin breaking
[Gavrilova Grossman Schacht, 2205.12975]

All sum rules at any order b can be written as:

Zjaj=0, ZjSJ‘:O.

Example: n = 6 doublets. Lattice dimensiond = n/2 -1 = 2.

@ Each node & U-spin pair. A 2 8 4 8
) 1o o e e o)
@ Each node (points): ] g
a-type sum rule valid to b = 0. 2 (0 O e e o)
@ Sums of nodesin lines: 3 (o e O o o)
s-type sum rules validto b = 1. , (. 5o oe o

@ Sum of all nodes in plane: :
a-type sum rule valid up to b = 2. N ;

What next? Generalization to SU(3)r, implications for observables.
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Determination of the D — &
penguin over tree ratio
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D — 7 Penguin over Tree Ratio
A caveat for the interpretation of the data

“The data implies |P/T| = O(1)"
This statement actually relies on an underlying, commonly made assumption:

@ The relative strong phase between P and T is assumed O(1)
(From rescattering).

Reminder: CP violation is an interference effect.

* V:bvub
A= (_Vchud)X T - 5 X P.
Direct CP asymmetry:

;AR - AP Pl . P
agp= ———=— =CKM X |=| X s1n(arg (—))
AP + AP T T

v
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D — 7 Penguin over Tree Ratio

How to determine the strong phase from the data

@ Strong phases can be obtained from measurements of time-dependent
CP V|Ola t| on or q uan tU m-corre la ted decays [Xing hep-ph/9606422, Gronau Grossman Rosner
hep-ph/0103110, Bevan Inguglia Meadows 1106.5075, Bevan Meadows 1310.0050, Grossman Kagan Zupan 1204.3557, Xing 1903.09566,

Grossman Schacht 1903.10952, Schacht 2207.08539]

1
Acp(fo0) = alp, + AY —
-

DO
@ Analogous strong phase in multi-body decays can be determined from
fit to CP violating time-integrated Dalitz plot.
[Dery Grossman Schacht Soffer 2101.02560]
@ No measurements of phases yet, despite big experimental advances.
AY/ have large errors, and sensitivity to phase is subleading.

AYS K =(—03+13+03) 1074,
AY™™ =(-3.6+24+04)-10™.

[LHCb combination 2105.09889]
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D — 7 Penguin over Tree Ratio

Acp(f, 1) = a‘ép + AY/ x t/T o [LHCb 2105.09889]

2 st
> f
}: L
o Of
=
g -0}
w2

< 0

e
n

|
o
n
T
1

Asymmetry [%]
]

8
t/TDo
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D — 7 Penguin over Tree Ratio

Extraction of Penguin over tree in three-body decays

[Dery Grossman Schacht Soffer 2101.02560]

AD’ - ntp7)=-ATH" -V Vv, ROV
AD® - 1 p*) = -AT""" — VvV, R™V

@ Time-integrated CP asym. of 2-body decays give only combinations
IRPYV2|sin(6p,y,)  and  |RP?V1[sin(p,y,)

but not magnitudes and phases separately.
@ Three body decay changes 2 things:
» We have additional kinematic dependences.
» Onlyin athree-body decay we have interference between
DY = (o~ = % and DV — 77 (p+ — n*a).
B Extraction of all parameters from time-integrated CP meas.
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D — 7 Penguin over Tree Ratio

Local ad” (DO — 1"~ 7°) in overlap region of p*

Dery Grossman Schacht Soffer 2101.02560]

1.0F
0.8+
: ‘ 0.0014
N r 0.0012
2 0.6F
5] L 0.0010
- 0.0008
&
Nok' 0‘4 L 0.0006
0.0004
L 0.0002
0.2 .
0.0r,
0.0 0.2 0. 4 0 6 0.8 1.0

[ GeVZ]

Numerical example: ﬁPIVZ = exp(in/2), RV = 1 exp(ir/3)
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D — 7 Penguin over Tree Ratio

Back to D — mrr: Isospin to the rescue

[Gavrilova Grossman Schacht, 2312.10140]

Assuming SM, isospin allows determination of strong P/T phase from
direct CP asymmetries and branching ratios only.

Also enables extraction of magnitude of P/T.

@ D — mmhas same group-theory structure as B — 77T [Gronau London 1990],
however, different approximations are used in the two systems.

Before our work: Assume arg ~ O(1) (rescattering) to extract |P/T)|.

@ Our work: Extract |P/T| from data without assumption about phase.
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D — 7 Penguin over Tree Ratio

Isospin Decomposition

AT = _/ld(\/i(tl/Z + ts/z)) - % (‘/5171/2) ’

A
A" =~ 2, (2t3p0 — t12) — Eb (=p1p2) ,
A= -2,(313)2) .

Assumptions, expected to hold at O(1%).
@ Isospin limit, neglect isospin breaking effects.

@ Neglect electromagnetic corrections and electroweak penguin
contributions. Subleading due to smallness of Wilson coefficients.

Consequences:
@ No Al = 5/2 matrix elements.
@ No Al = 3/2 contribution to CKM-subleading amplitude.
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D — 7 Penguin over Tree Ratio

Observables and Theory Parameters

@ 5 Observables:
+— 00 +0 +— 00
B8, BY, B, aip, acp-

@ 5 Parameters:

ltsal, |12l Ip1l, arg(tin), arg(pig) -

@ Isospin limit: system completely solvable, up to discrete ambiguities.
@ Combinations:

t)2 12 A"
=\, 6 - ’ 6 =
T ™ ; arg( /2) y arg(AOO
Af Al
==L 5f:arg b , f=+-,00.
Al Al
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D — 7 Penguin over Tree Ratio
P/T in terms of operator matrix elements

@ Ambiguity to define two interfering amplitudes (using CKM unitarity).
@ Therefore, ratio of two interfering amplitudes P/T not clearly defined.
@ Unambiguous definition with operator matrix elements:

[Khodjamirian Petrov 1706.07780]

Cr DA (Crof+ CQQg)) = ) 1,07,

% q=d,s q=d,s
O =(f107|D") ,

7‘[eff =

AW > ) = 2O + 1,0 = -0 ~ ) -2 (260Y)

Unambiguous definition of P/T ratio as:
20%)

(O = (0%

Stefan Schacht Theory of Charm CP Violation Imperial College, February 2024 38/47
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D — 7 Penguin over Tree Ratio

s\f
o = | _20% ‘

Theory Limits (O —ODT

@ “Rescattering” = matrix element of operator O* # 0.
@ Naive interpretation: s§ pair rescatters into dd, hadronization to pions.

No-rescattering limit
<0S>no rescatt. — O, i.e. ’f

no rescatt.

=0.

Limit of large rescattering

KO ~ KO, ie. r/ =1, depending on relative phase.

v

Strict large N, limit [Buras Gerard Bardeen 1401.1385]

N.—

t
22 =2

132

In K — 7 thisis much larger (AI = 1/2 rule).

v
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D — 7 Penguin over Tree Ratio

Determination of Tree Parameters

Assumption

For branching ratios, we neglect contributions which are suppressed by
O(|A,/ A4)) ~ A* where A ~ 0.23 is the Wolfenstein parameter, such that

B =Pl P14

We can then determine |32, |£1 2], cos 6, from B*~, B2, B0

_ M ~ \/3B+‘ P+0 +3300 P+0 s
- It32] - B0 P+ B+0 0 ’

cos o, = cos|ar hejlo L 2B+_ ° -rr-1
' & 132 B 2r, \2 B0 p+- ! ’
= cos d, and | sin .

Stefan Schacht

7y
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D — 7 Penguin over Tree Ratio

Determination of P/T

Assumption

We calculate direct CP asymmetries at leading order in |A;,/ A4l

A
aJ;P = Im(_—/l{d) ' sin(6”) .

Relation between CKM-subleading amplitudes:

1
—A; =AY,

V2

These are actually two relations:

A" Al
—| = \5, arg(i):n.
AP A

® 2 isospin limit relations which we can solve for sin 6+~ and sin §%.

B Once we have these, get % and ¥+~ from aép
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D — 7 Penguin over Tree Ratio

Closed-form solution [Gavrilova, Grossman, Schacht 2312.10140]

. 00 _ _Slgn(a )
e 1 acp 18+ PO 2
1+ — 5 ( &\ 3 p g + COS (5,1)
N —sign (alp)
sind” = 1 — =
\/1 pleery (a 1/2 POO + coséd)
" I \/( 0, VB PO 1 a0, N2BOP cos 5,)
~Im(=1p/24) | 2800P+= gin? §, ’
2
Y 1 ( . )2 (ag(}, 280P+= + al, VBP0 coséd)
= —————\(af) +
[Im (=Aq/A2)| cp BP0 gin? §,
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D — 7 Penguin over Tree Ratio

Knowledge of D — n* 7~ translates into D — 797°

[Gavrilova, Grossman, Schacht 2312.10140]

siné*™ _ alp |18+ PW
sing® g% V2P B0’

CcpP

700 1 B+ PO
== \ipr g

@ Although we have essentially no information about sin 6% we can

obtain non-trivial information about 7%, due to the correlation to r*~
from isospin.
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D — 7 Penguin over Tree Ratio

Numerical Results: Systematic Uncertainties

@ In experimental extraction of a’éP additional assumptions are made.

Our results relate P/T to B/ and a’ccp.

@ For extraction of aE; LHCb assumes a universal AY.
We use same AY for the extraction ofag(},.

@ Auniversal AY is motivated by U-spin [Kagan Silvestrini 2001.07207]
It Follows overall systematic theory uncertainty of O(g%) ~ 10%.

@ In order to reach theory uncertainty of O(1%) we need extractions of

aép without universality assumption: future data on AY*~ and AY®.

@ Our numerics with current data include universality assumption,
implying an additional overall theory uncertainty of O(10%).
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Numerical Results

D — 7 Penguin over Tree Ratio

[Gavrilova, Grossman, Schacht 2312.10140]

Direct CP Asymmetries

ath, +0.004 + 0.008
ap ~0.0002 = 0.0064
alp 0.00232 = 0.00061

Branching Ratios

B(D® — 7t7% | (1.247 £0.033) - 107* 185]

B(D® - 7ta) | (1.454 +£0.024) - 10~° 85

B(D® — 7% | (8.26 £0.25) -107* [85]
Further Numerical Inputs

m Ao/ (= Aa)) ‘ (—6.1+03)-10+ | 185]

TABLE L. Experimental input data. We use the decay times
and masses from Ref. . “Our extraction from Acp(D° —
0.0003 = 0.0064 [79] and AY = (~1.0% 1.140.3) -

TABLE II. Future data scenario employing the current central
values and using prospects for the errors from Table 6.5 of
Ref. [86] (300 fb~') and Table 122 of Ref. [87| (50 ab~") for
D’ — at7~ and D° — 7°7°, respectively. All other input
data is left as specified in Table[]

Parameter | Current data | Future data scenario

T, 3.43 +0.06 3.43 +0.06
cos b 0.06 +0.02 0.06 + 0.02
cosda | —0.68£0.01 ~0.68 £ 0.01

| sin 6 0.0670:30

|sing™ | 0.6970:3%
% 52115
e 55115

TABLE III. Numerical results for current and hypothetical
future data. In the future data scenario, the results for rq,
cosd; and cosd, are identical to the ones with current data,
as these depend only on the branching ratio data which is not
modified in the future data scenario compared to current data.
Furthermore, in the future data scenario sind*~ < 0. The
overall additional relative systematic uncertainty of O(10%)
due to the universality assumption of AY for the extraction of
the direct CP asymmetries comes on top of the errors shown
here, see text for details.

@ |P/T|is large. Future data will significantly reduce errors.
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Bench ma rk Scenarios [Gavrilova, Grossman, Schacht 2312.10140]

Hypothesis | Current data
rtT=1.0 2.70
rt= =0.1 3.70

0 =1.0 2.60

0 =0.1 3.70

pij2 =0 3.80

TABLE IV. Test of benchmark hypotheses and significance
of their rejection for current data. In the considered future
data scenario all hypotheses listed here are rejected at > 50.
In order to account for the overall O(10%) relative system-
atic uncertainty due to the assumption of a universal AY for
the extraction of the direct CP asymmetries, we multiply the
hypotheses for 7/ by a factor 1.10, resulting in a more conser-
vative (lower) significance of rejection, see text for details.

@ Large rescattering or BSM?

Stefan Schacht
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Conclusions

@ This isjust the beginning of the
exploration of charm CPV.

@ Charm is a unique gate to flavor
structure of up-type quarks.

@ Can we tell aloop from a tree?

@ No matter what, we will learn sth
new: QCD or New Physics.
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BACK-UP
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Charm: Non-perturbative Diagrams

v d
d d d c u/d
c d 4 _
i e ‘ A
u - u/d || i/d
=3 =3 /4 'd u = d
i/d a/d ua/d u/ d u
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