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Recent results from LHCb, CDF
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Explanations of the LHCb result in SM, and in NP models:

# Isidon etal anav:1103.5785 = NP explanation in a model independent way
Brod et.al. arxiv:1111.4987 = Large 1/m. suppressed amplitude
Rozanov et.al. arxiv:1111.5000 = Large penguin in sequential 4th generation model
Pirtskhalava et.al. arxiv:1112.5451 =- Badly broken SU(3)  symmetry
Cheng et al. aniv:1201.0785 =- Large weak penguin annihilation contribution
Bhattacharya et.al. anav:1201.2351 = CP conserving NP in penguin

Giudice et al arxiv:1201.6204 = Left-right flavour mixing via chromomagnetic operator
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Altmannshofer et.al. anav:1202 2866 = Chirally enhanced chromomagnetic penguins

Hopefully many more to come. ..
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Gist of talk

SM explanation cannot be ruled out and is
plausible

Huge hadronic uncertainties make precise
predictions virtually impossible

More experimental input (other modes)
may be useful

Potentially charm CP very sensitive to new
phase(s): warped models; 4 G’ ; LR......
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Peek @ PDG: old results

BR[D" - K]

BR[D" = ntn—
BR[D" = KTK~]
BR[D" — K+7]

BR[D" — K- ?T+

BR[D° — K+K~/|px|

= (3.949 +0.023 + 0.040 + 0.025)% .

= (0.1425 4+ 0.0019 £ 0.0018 + 0.0014)% ,
= (0.3941 £ 0.0038 £ 0.0050 = 0.0024)% ,

= (0.331 £ 0.008)% .

~ 3.22 4+ 0.09

obs; =

BRID? = n+ 7 /1|

obss

Br[D° — K—7+]/|5, k| j—
: TAT A2 ~ 0.47 +0.01.
Br[DO — K+K -/ |pK]| '

Br DY — K+a—]

obsy =

A1 ~1.284+0.03,
r[DY — K—a+] /,i
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EXACT U-SPIN LIMIT
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Taking U-spin breaking into a/c

AD" = K%)= 2V, Vg (By=t - ABly_y) = 2V:Vog By [1 )¢ “’1] |
AID’ = 7517 = (A + As) (Au=o + ABy=1) + (Aa = Xs) (By=1 + AAy—)
= By [()‘d + As) ('f' e +1y E“f”) +(Ag — As) (1 + 10 E”’“)] ;

A[Dn —+ KTK7] = (M +As) (Av=0 — ABy—1) — (A = As) (By=1 — AAy—o)
= By [()\d+)\s) ('r' e —ry ) (Ad = As) ( o w“)] ;

AD" = K*77) = 2VVus (By—t + ABj_y) = 2V3Vus By [1+-;-; Ewi].
SOURCE of USPIN SREAKING : ™ L any
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U-spin is broken © ( o) j: - 1) = Hireak — TENSOr operator EJUE =

= D" — Pt P~ decays including 1st order U-spin breaking:

A[Dﬂ s K_'.I'l'-"] = Evc‘avud Brr— [1 B T; E'nb;}

A[DO - 7r7~] = Bu=1 [(Ad + o) (re'® +r1e'®) + (Aa—As) (14 roe! )]
A[D" + KTK~]=Bu=1 [(Ad+As) (re!® —r1€"®1) — (Mg — Ae) (1—roe’®0)]
A[Dﬂ —F K+?T_] — EVc‘d-Vug BU=1 |:l -|— Ti Ei d’i]

. oy Al ABpr_ MApr
= Amplitude Ratios: ry = |Eﬂ:ﬁ .y = ?u”jl e ?UU_——lﬂl
= D" —+ K*x7: No direct CP violation = Only mixing-induced CP violation Il
= Parameters need to fit rg, v}, ry, 7, dg, @}, @; and ¢ (

L l:l o +
= Available data: Ry, Rz, Rs, AAcp, Arg (“j{’;ujﬁﬁ_H ~ Ag=224F 0 k

= No priority to a single amplitude ratio Il

= The individual values of » and r; can not be fixed from data ll

= Hence, we define 7 = | /r2/2 + r2 /2 = Sensitive to AAqp | é/,
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Figure 1. Fit result for the amplitude parameters ry and cos ¢y (upper row) and r] and cos @}
(lower row), determining the amount of U-spin breaking in D" — P* P~ BRs. The generic points
shown in light blue are consistent with the experimental constraints at the 2o-level and obey y* < 6.
The black points denote a subset of points where the strong phase differences between Ap—g and
AAp—g, as well as between Bp—; and ABp—; are assumed to be equal within a few percent,

(6 — d0) = {0,7} and &1 = {0, 7}.
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MORE. EXPRIMNTAL INPUT Cou BE VERY

(Po6+HFR  wpfs) Aa ) UsEFUL
Mode BR ) Acp in % 50 Reach
D 5 Kgnt | 147 % 1072 —0.52 4 0.14 [32] 1% 1073
D, —>n'mt | 3.94% 102 —6.14+ 3.0 [63] 0.7 x 103
- 5 5-9741.9 [33]
D3 Kgnt | 121 %10 6.6 + 3.3 [63] 4 x 103
6.53 + 2.46 [32]
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Important to measure CP in pure trees
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Conclusion on Recent D-CP results

SM explanation cannot be ruled out and is quite plausible;
however, a compelling case for SM explanation can also not
be made.

Unless true result is , for sure, 1% or more , not a
compelling sign of new physics

theory estimates plagued by large hadronic (non-
perturbative) uncertainties; NO RIGOUROUS METHOD IN

SIGHT; LONG-TERM WORRY => Ghost of ¢ ‘/s. However,
unlike K-> pi pi, lattice methods appear

exceedingly difficult

More exptal input (many other modes) crucial & could
change interpretation...
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EXTRA



Natural Explanation from SM Penguin Enhancement?

[Brod, Grossman, Kagan, Zupan 2012]

@ Re-parametrize:

fo/r = I‘E.g||21551| i (+= BRs)
1|
y)
I L | . S (o> Aop)
| to] lo

e assign enhancement to penguin contractions of tree operators
o U-spin breaking (€) of “nominal size"
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