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Can we distinguish new physics in D decays
from the Standard Model?

Data from LHCDb, CDF, Belle, Observable Measurement
BABAR, CLEO and FOCUS SCS branching ratios
Red: Update in 2014 BO'>K'K) (396008 107

B — atx7) (1402 £0.026) - 1073

Observable Measurement BD° — KsKs) (0.17 £0.04) - 1073

SCS CP asymmetries

B(D* — n07%) (1.19 £ 0.06) - 1073

BD° -« 710) (0.820 + 0.035) - 1073

Aad" T(K'K ,x'w)  —0.00253 £ 0.00104 A R’ o
“f KK, ) ~0.0011 +0.0026 B = KsK') - (2.83£0.16) - 107
dl, {00 — KsKs) 0234019 B(D; — Kiﬂo) (1.22 £ 0.06) - 10-%
alh (D0 7r07r0) ~0.0004 + 0.0064 BWD; o K'7)  (063+0.21) - 107
-r (D* — 7207+) +0.029 + 0.029 CF branching ratios
d" L(D* - KsK*) +0.0011 + 0.0017 B(D° - K1) (3.88 £ 0.05) - 1072
d“ (D — Ksr*) +0.006 = 0.005 BD° — Kgn) (1.19 £ 0.04) - 1072

(DS N D) +0.266 + 0.228 BMD° - K%  (1.00+0.07) - 1072
Indirect CP violation BD* — Kgr*) (1.47 £0.07) -1072
s 0.00013 = 0.00052 BD* > Kr)  (146+005) 1072

51 = 2Re(e)/(1 + |?) (3.32 £ 0.06)- 1073 DCS branching ratios
K*n~ strong phase difference BD" > K ) (1.35+0.02) - 1077
Skn (6.45 = 10.65)° B(D* — K*7%  (1.83+0.26) - 10~
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Symmetry emergency kit: SU(3)r

States
° (DO =lcity, D' = |cgl>, Dy = |c§>) =3
@ Pions and Kaons: [(8) ® (8)]¢ = (1) ® (8) & (27)

Operators

Hegr ~ Vua Vs (id) (5¢) + Vs Ve (15) (5€) + Vua Vi (id) (dc) + Vs Vi (@) (de)
————

CA SCS DCS

HS ~ ViV (15+6) + ViV, (15 + 3)
— e

R
CKM leading CKM suppressed, CPV
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2014: no confirmation of penguin enhancement (yet?)
Let’s be prepared for future data

[Mdiller Nierste StS 2015]

Strategy

@ 1/N, + diagrammatic SU(3)r breaking.

@ Improve predictions for CP asymmetries
without assumptions on penguins.

®Obtain future new physics tests.
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Diagrammatic approach: Flavor-flow diagrams

[Chau 1980/83, Zeppenfeld 1981, Gronau Hernandez London Rosner 1995, Buras Silvestrini 1998, Bhattacharya Gronau Rosner 2012]

@ The language of SU(3)r matrix elements does not give insight into

dynamics of large SU{3)7.

@ Solution: Equivalent diagrammatic parameterization.

@ Important: Include SU{3)7 in a meaningful way.
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Diagrammatic SU(3)x breaking

(*] Feynman rule for first Order‘SU%S)f. [Gronau Hernandez London Rosner 1995]
@ 3 diagrams foreach T, C, E, A + SU{3)F penguin Pyreax = Py — Ps.

[Brod Grossman Kagan Zupan 2012]

@ Dynamical input:
Chance to constrain SU{3)F in each topology (!)

s d
M | . ¢

s d
(1) | ¢ ¢
1) | ¢ c

s a/d
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Diagrammatic Parameterization (excerpt)

) U] M [ M m ) 0 )
Decay d [ T [ T [ T [ T [ A [ Al [ 4 [ A3 [ ¢ [ G [ S [ G [
SCS
DY KYK~ 1 1 1 0 0 0 0 0 0 0 0 0
DY - 7t -1 0 0 0 0 0 0 0 0 0 0 0
DO — KOKD 0 0 0 0 0 0 0 0 0 0 0
DI S 72070 0 0 0 0 0 0 0 0 -L 0 0 0
2
0 T T
DY - On+ - 0 0 0 0 0 0 0 - 0 0 0
DY = KOK* 1 1 1 0 -1 0 0 -1 0 0 0 0
Dy — Kon* —1 0 0 —1 1 1 1 0 0 0 0 0
0 T [T [ LT T T
Dy — K*nt 0 0 0 0 g g 7 0 = 0 0 g
CF
DO > K7t 1 1 0 0 0 0 0 0 0 0 0 0
0 70,0 T T
D A)If I 0 0 0 0 0 0 0 0 e 5 0 0
DY 5 K0x+ 1 1 0 0 0 0 0 0 1 1 0 0
Dy — KOK* 0 0 0 0 1 1 0 1 1 1 0 1
DCS
DY - Ktn~ 1 0 1 0 0 0 0 0 0 0 0 0
0 0.0 T .
DO = K0x 0 0 0 0 0 0 0 0 5 0 7 0
DY - K0zt 0 0 0 0 1 0 1 0 1 0 1 0
T 7.0 T T _ T _ T
DY - Kt = 0 = 0 5 0 7 0 0 0 0 0
Dy — KOK* 1 0 1 1 0 0 0 0 1 0 1 1
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Equivalence to SU(3)r

@ Diagrammatic parameterization < matrix which expresses decay
amplitudes in terms of SU(3) matrix elements.
@ Same rank. Same 6 sum rules. Explicit matching (excerpt):

SU@3)r ME E EP EY ED phreak
Aég 0 0 0 0 0
TS5 = . .
Ag_ 242 3V2 62 0 0
Ag ¥ 0 b4 0 0
3 243 32435 16% 3245
B 0 —3 7 i —3
B} 0 20y wm 20wy 40y 57 160 3557
8 3 3 3 3
6
By 0 20/ 55 ~20 | 55 0 0
15 133 7
By 0 460 \/ 1330969 2075051  —840 \/ 1330060 0
BY® 0 -20 10 /g% 10/ 0
B;] 0 0 0 0 0
B;Z 0 0 0 0 0
By 0 0 0 0 0
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Consequences of Equivalence to SU(3)x

@ Contributions from additional diagrams
cannot be algebraically independent.

@ All further diagrammatic contributions can be absorbed.

@ Example: Contributions from higher Fock states:
|K®) = |ds) + |dsg) + |d5uit) + ... .

a/d < (_'_E a/d
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Theoretical Input |

Corrections to 7 and A diagrams 1/N? suppressed.
@ Factorization good approximation.

@ Fit 1/N, breaking by nuisance parameter (1 + k) X T,
0 <kl £10%, O <arg(k)<2m.

Examples:
fac - (] iGF 2 2\pDK/ 2
7})0—91(+If7 - ( + k) §: ‘l].f}((nql) nﬂl{)170 (nqlf)'
V2
iG
T = —(1+k) 27;(11 flm = m2)FP™(m2) .
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Theoretical Input Il
Diagrammatic measures of SU(3), breaking < 50%

Q 0 = maxy| AL (d)/AW)|, T = C,E, Pprea
individual amount of S{3)7 by topology 7.

Q 6, = maxy |y AL (d)/ AW
overall amount of SU{3)7.

Q &/C =|Ci/Cl  SU3)F in C-parameters.

Q o./" = |E;/E| SU3)F in E-parameters.

A (d): SU3)7 part of the amplitude of decay
stemming from topology 7.
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Branching Ratio Fit of Diagrammatic Parameterization
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[Miller Nierste StS 2015]
[preliminary results]
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@ Perfect fit to branching ratios: y> ~ 0,

due to under-determined problem.
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Broad and Multiple Fit Solutions
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[preliminary results]
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Relative Importance of Diagrams: Likelihood Ratio Tests

[Miller Nierste StS 2015]
[preliminary results]

Hypothesis | Significance of rejection | x*
Pbreak =0 210 6.8
Pbreak = E,’ = Ci =0Vi > S50 547.4
E, =0V 3.60 25.3
E=E =0Vi > S50 155.4
Ci=0Vi 5.00 39.5
C=C;=0Vi > S50 376767.4

@ Clear need for SU(3)F breaking.

@ Especially in the color suppressed diagrams.
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Size of SU(3)r breaking: 65" ~ 30%
[Miller Nierste StS 2015]
[preliminary results]
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o §;°P°: maximal SU(3)F part of amplitudes.
@ Individual SU(3)Fr breaking may be smaller.
o Allowed at 1o : |E3/E| ~ 0%, 63C ~ 20% or 85F ~ 10%, respectively.

Stefan Schacht Zurich January 2015 15/18



Predict Cldlr (DO — 71'071'0) [Miller Nierste StS 2015]
Input
@ Branching ratio fit.

@ Correlation with measured aZn(D° — K*K"), aln(D’ — m*n7).

®Blue: SM prediction. Red: Current measurement.  [preliminary results]

F----- ®----- 1
Current data : R —— 1

—0.015 —0.010 7[].1_"]’) 0.000 0.005 0.010 0.015
a%l‘P(DO — 707?)

el
adit(d) = 0, errors x1/ V50 : R oo B

—0.015 —0.010 701003 ((JH](I(] (;].()l[])? 0.010 0.015
app(D? — n'n")
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Predict Cld]r (D — K* 0) [Maller Nierste StS 2015]

Input
@ Branching ratio fit.
@ Correlation with measured ad“ (D" — KsK™), ad‘r o(Dy — Ksn™).

®Blue: SM prediction. Red: Current measurement.  [preliminary results]

Current data [P

-1.0 —0.5 0.0 0.5 1.0

]
7]
B errors x1/ V50 bo--@eo-]
—1.0 —0.5 0.5 1.0
(lu (D _> K+
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Conclusion

@ Charm physics remains a fast-moving field.

@ Symmetry correlations between different channels.
% Possible future new physics tests.

@ Improved branching ratio measurements
improve predictions for CP asymmetries.

@ Further improvement through measurement
of correlated CP asymmetries.

@ Future key observables:

Acp(D® > KsKs), Acp(Ds — K*n®), Acp(DT — n*a®)
Acp(D® - 71°7%), Acp(D® - K*K™), Acp(D° — ntn7).
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