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Can we resolve new physics in charm decays?

There is lots of data!
Red: Update in 2014/15

Observable Measurement

SCS branching ratios

Observable Measurement

SCS CP asymmetries

Aad" T(K'K .nn)  —0.00253 = 0.00104
" L(KYK™ mtn) —0.0011 + 0.0026
“" <D° - 1<51<S ) —0.029 + 0.056
d" T - x 7r0) -0.0004 + 0.0064
o (D* - a0z*) +0.029 + 0.029
a?"(D+ — KsK*) +0.0011 + 0.0017
da ‘,‘;(D.V — Ksr™) +0.006 + 0.005

BMD" > K*K~)  (3.96+0.08) - 1073
BD° - ntx7) (1402 +£0.026) - 1073
B - KgKy) (0.17 £ 0.04) - 1073
BD° -« 7r0) (0.820 + 0.035) - 1073
B+ - 7Ox") (1.19 £ 0.06) - 1073
B(D* - KsK*)  (2.83+0.16) - 1073
B(D; — Ksrt) (1.22 £ 0.06) - 1073
B(Ds — K*7°) 0.63+£0.21) - 1073

CF branching ratios

dr(Ds > K*n0) +0.266 + 0.228
Indirect CP violation
and 0.00013 + 0.00052

CP
6. = 2Re(e)/(1 + ) (3.32+0.06)-1073

BMD" - K~ ) (3.88 £ 0.05) - 1072
BD" > Kgn¥) (1.19 £ 0.04) - 1072
BD° - K 7% (1.00 +0.07) - 1072
BD* — Kgr*) (1.47 £0.07) - 1072
B+ — Kpat) (1.46 + 0.05) - 1072

K*n~ strong phase difference

DCS branching ratios

Okx (6.45 + 10.65)°
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BD" > K 77) (1.35+0.02) - 1077
BD* - K% (1.83 £0.26) - 107
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Theoretical core problem

Disentangle QCD-Effects from New Physics

Bound state effects of the strong interaction (old physics) or
new physics beyond the Standard Model?

@) @)

Reduced theory toolbox for charm decays

@ Charm is not really heavy compared to Aqcp.

@ Perturbative expansion in Agcp/m.
will not work.

@ We cannot calculate so many things.
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SU(8)g-limit topologies
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[Chau 1980,1982; Zeppenfeld 1981, Buras Silvestrini 1998]
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Diagrammatic SU(3)x breaking

@ Feynman rule from Hsugy, = (my — my)ss: dot on s-quark line. (cronau 1e95]

@ Find 14 new topological amplitudes:
3 diagrams for each T, C, E, A; Ppreax = Py — Py; PApreak = PAg — PAy.

[Brod Grossman Kagan Zupan 2012]

penguin (Ppeax)
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Most general parameterization (excerpt)

) ) ) m U] ) - o) ) M
Decay d [ r [ I [ T [ Ty [ A [ Al [ 4 [ Az [ c [ G [ G [ 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
DY - KOKO 0 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
DY 5 0x+ -5 0 0 0 0 0 0 0 -5 0 0 0
D' — 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
.y T [ L [ LT T T
Dy —» K'm 0 0 0 5 5 i 0 5 0 0 N
CF
DO > K7t 1 1 0 0 0 0 0 0 0 0 0 0
0 20,0 T T
D' A)If x 0 0 0 0 0 0 0 0 e 5 0 0
D" > Kox+ 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 1 1
DY S Ko7 0 0 0 0 0 0 0 0 5 0 5 0
DY - K0zt 0 0 0 0 1 0 1 0 1 0 1 0
T 7.0 T T _ T _ T
D* - K+a < 0 5 0 5 0 5 0 0 0 0 0
Dy — KOK* 1 0 1 1 0 0 0 0 1 0 1 1

Calculate T and A using 1/N, input. Fit the rest from branching ratio data.
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Extract parameters from branching ratio data
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@ Perfect fit to branching ratios: y> ~ 0: under-determined problem.

@ But: Nontrivial result due to many parameter constraints:
Permit only up to 50% SU(3)r-breaking.

@ Broad and Multiple Fit Solutions
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Quantify SU(3)g-breaking

Ay profile of the parameter 5, °* which quantifies the overall size of

SU(3)p-breaking:
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Results:
® The SU(3)r limit 637 = 0 is
ruled out by more than 5o .
@ At 68% CL there is at least
28% of SU(3)r breaking.

@ But: Ppcax allowed to be zero
at 0.70, counterbalanced by
1/N?-corrections to T, A.

@
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CP Asymmetries: Theory service for Experiment

dir
CcpP

@ Every measurement hinting for a
postdicted. ..
@ ...inthe Standard Model.
@ ...or New Physics Models.

# 0 was successfully

@ Why is that?
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Problem of CP Asymmetry Predictions:

@ New hadronic quantities appear which cannot be extracted from 8
measurements.

@ B’s involve only —

= Difference can be extracted. \/

C

@ Acp’s involve also +

The sum iS unknown.x [Brod, Grossman, Kagan, Zupan 2012]
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Solution: CP asymmetry sum rules

Strategy: Sum rules among CP asymmetries.
@ Build combinations out of several CP asymmetries. . .

@ ...containing only those topological amplitudes in coefficients which
can be extracted from the global fit to the branching ratios.

Extent known SU(3)F limit sum rules

[see, e.g., Grossman Kagan Nir 2006, Hiller Jung Schacht 2012, Grossman Ligeti Robinson 2014]
dir /0 + pr— dir /0 +o—\
dep(D” > K'K™) +dcp(D” > ) =0,
dir 1+ 0 -+ dir / y+ 0_+\ _
dcp(D” = K°K™) + acp(Dy — K'n7) =0,

valid at zeroth order SU(3)r breaking.

@ Include corrections of sum rules due to SU(3)r breaking in the
CKM-leading part of the amplitude. ..
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Result

Two sum rules each correlating three direct CP asymmetries
| D" > K*K~, DY > 7*n , and D° — 7970,
and
Il D* — K°K* , Df — K%t ,and D} — K*n° .

@ Note: Still works to zeroth order in SU(3)r breaking only,
as SU(3)r breaking in CKM-subleading part of amplitudes is not
taken into account, e.g. SU(3)r breaking of P; + P,;.

@ Still: theoretical accuracy of new-physics tests only limited by the
assumed size of SU(3)r breaking, i.e. generically O(30%).

@ Great progress compared to spread of past predictions.

ook at phenomenological implications.
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Implications of sum rule |

a(gl};(DO — mir0)

Red solid:
0.020 N 95% CL measurement
Red dashed:
0.015 68% CL measurement
0.010 Present data:
Light blue:
0.005 95% CL from global fit
0.000 Dark blue dashed:
68% CL from global fit
—0.005
Future scenario:
—0.010 assume V30  Dbetter
. branching  ratios,  but
0.015 alf (D’ - K*K™) as to-
_O‘OQ—Q.()(]'J—().(]()2—().()()1 0.000 0.001 0.002 0.003 0.004 0.005 day
. Light green:
a%rP<DO — 7T+7T > 95% CL from global fit

Dark green dashed:
68% CL from global fit
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Implications of sum rule |, contd.
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Black dashed: SU(3) limit
Red solid:

95% CL measurement
Red dashed:

68% CL measurement

Present data:
Light blue:
95% CL from global fit
Dark blue dashed:
68% CL from global fit
Future scenario:
assume V30  better
branching ratios, but
alf (D’ - K*K™) as to-
day.
Light green:
95% CL from global fit
Dark green dashed:
68% CL from global fit
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CP Violation in D° — KK
D’ — KK is special
@ SU(3)p-limit is CKM-suppressed.
@ Only exchange E and penguin annihilation PA topologies contribute.

L C

Measurements: Time integrated Acp = al, — Ar(¢, q/p, x,, a‘éi;)%

A(C:,II;EO =-0.23+0.19 [hep-ex/0012054]

AIéII_,ICb = —0.029 + 0.052 + 0.022 [arXiv:1508.06087]

Weak phase ¢: CP violation in interference between mixing and decay.
—,1po 0 4A _ A
D1,2>—P|D>iCI|D> pPA = ‘g{
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SM prediction: Estimate PA perturbatively + global fit of E

Exploit large momentum +/¢2 ~ 1.5 GeV flowing through penguin loop
[Brod Kagan Zupan 2011, Schacht Nierste 2015, in B physics: Bander Silverman Soni 1979, BBNS 1999-2001]

0.015—— : . . —
‘\6 = —% 5 = _:%r/
/1 0.010’ \\ "/
— b —
¢ — Pmix = —Rcosd — Im— é)
' a5 0.005]
(1%1; = —Rsinéd NS o
_Im, [2Egg +PA] T 0.0007 = -
Q

A V22 08
< 1.1%(95% CL)

dir
acp
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Blue: 1-dim 95% CL limits. Red: Allowing only for small E, by 1/N, counting.

Black lines: Radii when setting 72241 to annotated values.
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Acp # 0 even when PA =0
Due to interference of SU(3)-limit E with SCA3)r E/ 25

A=A Ey+ E> - B3 —/l;,/22E+E1 +FE> + E3+ PA
2 V2 V2

alit = W I\ Aul, ¢ — dmix = TP ReZ-1 Al
0.014
0.012
R= \/a‘éi;z + (¢ G + Irnﬁ)2 S
Asa S 0.008
Blue: 1-dim 95% C.L. upper EO'OOG
0.004

limits. Red: Allowing only for
small E, by 1/N, counting.

large E
PA=0 PA#0 PA=0 PA#0
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Conclusion

Global fit of D — PP’ branching ratios to topological amplitudes
including linear SU(3) breaking and 1/N.-counting gives multiple
degenerate best-fit solutions.

The method permits likelihood ratio test to quantify e.g. the size of
SU(3)r breaking and Py # 0 (GIM).

CP asymmetries involve topological amplitudes not constrained by
the fit. These can be eliminated by forming judicious combinations of
several CP asymmetries — sumrules.

The sum rules test the quality of SU(3) in penguin amplitudes and/or
new physics.

2
o D’ - KsKs: R = 4/alin2 + ¢ — fmix + Im22)" < 1.1% @95% CL.
/lsd

@ Violation of bound: New physics or enhancement of the penguin

annihilation amplitude by QCD dynamics.
®Would be visible also in other decays.
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