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Why look at Charm
Radiative Decays?

» Charm is neither heavy, nor light, so neither HQET,
nor, chiral perturbation theory can be used.

> Direct search for BSM has been unsuccessful so-far:
> Some anomalies in the Flavour sector.

» Rare meson decays, provide a path for new physics
searches.

» Need to look at all possible avenues 'not only for
finding New Physics, but also for pinning down
‘the” model of New Physics.



SHORT DISTANCE VS LONG DISTANCE

“wWhile tn case of B mesons, shartéoltstawce effects
dowminate, charm quark systems are dominated by
large Long-distance RCD contributions.

S Within the SM, the short distance tn rare charm decays

- Suffers from almost complete GIM suppression, as box
or penguin diagrams get contributions from down
type-almost massless quarks from the weak scale
perspective. '
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“*The long distance effects can sereen the presence of -
new phystes particles that wmay appear in the Loop of the
short distance penguin contributions. &

“* NP short distance enhancement should be Larger than
the long distance contributions, to be distinguishable
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‘Measure the difference in the rates o{ the exclusive modes
D° - py awnd D° - wy in which the long distance
effects ave expected to cancel, would indicate short distance
new physics if the data reveals a difference of rates which
Ls more than 30%. FAJFER et. al, PHYS. LETT. B487, 81 (2000)

we will demonstrate that measurement of the photon
polarization cawn be used to signal new physics.

Explore effects of presence of a heavy-vector Like down
type isosinglet quark with additional L-R symmetry.

No Z-mediated FCNC in the w p type quark sector
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with RCD Corrections

Within SM, there ts an enhancement of the radiative
decay rates n the presence of RCD corvections.
Enhancement by a factor of 2in b = s y. A wore
dramatic enhancement expected in the case of charm
radiative decays,

Hewnce need to evaluate the oowespawdbwg Wilson |
coefficients within the RS improved perturbation theory,

with NP

Need to enhance the rate above that from long distance
Effects OR weed signals that can be observed even in the
presence of the long distance effects.
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it was shown (Grewb, Hurth, Mistak, wyler), that
there is an enhancement from O(10717) tp 0(1079)

of the BR with NLO ®CD corrections. GREUBet. al,
PHYS.LETT. B 382(1996) 415:

Hamiltonian for the scale my, < u < My is given by

Hett(Mp < p < My ) = :: VJ. Viug[C1 (1 ]'l[:}']"I + Co(p ]L:}'j ].

Effective hamiltonian at the scale m: < p << mg is given by

o 4G L N, Ry
Her(Me < T Mp) = GF T Vo 'I,f"r [ o1 _][.?1" + Colp ]G._
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Vveetor-Like dowwn type Lsosinglet quark '
- Posslbility of hort-distance ewhavwémewt Ln hea\@ &

vector Like fermion models discussed previously sasuet al.
PHYS. LETT. B205, 540 (1988). - | | i

No wew operators are tntroduced for the ¢ = uy transition
~ Adbove the b scale, one needs to tntegrate out b’ also.

The Operators 0-, Og contribute above the b' scale, due to
presence of b’ quark. ' i

. o
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Branching Ratios in SM and in a model with
Vector like quark,

4.94 x 10713

At the LO, contributions from the tntermediate s and o
quarks difter only in the CKM factors, thelr sum, using
um,itaritg s —VpVup leading toa large suppresslom,
ln the amcplitude.

At NLO, the functional dependence of the amputudes on
s and d quark masses becomes substantial, the
amplitude is < Ve Vs and is enhanced.
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Photon Polarization as a probe of New Physics

Within SM, in the penguin diagram for € = uy, only "
- LH components of the external fermions couple to the w .

A helicity flip on the ¢ quark leg < m, contributes to
amp. for emission of left polarized photons, while that on
the w quark leg, & my, results tn right polarized photons, .

n the LRSM, since the physical Wq couples to both left
and right handed quarks, a helictty flip is also possible -
on the tnternal (d,s,b) quark lines, < mpd. |

with the additional vector Like quark, o« my,{
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Photon poLanzatLow for the process, € — uy

we deﬁwe the photom, polarization for the ¢ — uy process as,

where cg, € denote the amputudes
for the right anal left potanzeol
photons b the process.

For SM since SP contributions to cg are wegLLgubLe, WLth
only SP cowtnbutwws A, =—1.

However, the exclusive decay modes corresponding to

Cc — uy are dominated by LD contributions. To account
for these, we add all the pole type and VMD amplitudes of
all the exclusive charmeo meson processes. Due to the
uwcertabwtw in the sign of the VMD, the LD amplitude Lies
in the range (2.08 x 1077 — 8.78 X 10—7)1/Gev
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The minbmal left right symimetric model is based on the
gauge groupSU(S)c X SU(Z) L X SU@r x UMy

The eLec’cnc charge Q = I3 B Isp + u

To ewsu're'pertwbative interactions between right-

handed gauge boson anol fermions, {5 = gr/gL ,(Where
gr and gy are the right and left handed couplings) :
Should not be too Large. Blrect search impose the bound

{gMy, > 2.5TeV.

Also, Vg should be tn the Tev ram,ge These cowstramts
Lwchg that 0 < < Z
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vezaclonw VALUES

SRR T1e LD awplitudles do not have any preferved
polarization, they contribute equally to both cp and c;.
This results in an almost vanishing value of polarization,
A, ~0(1078 —107°). '

VLR Without LR symmetry, isosinglet Vi can only
couple to Wi, and hewnce tts addition will only enhance the
left Polarized amplituole. For this case, in presence of LD
contribution, 4, Lies tn the range - -

(—6.1x10°to — 2.6 x 1073)
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The photon polarization can be e)qsr_ésseol. as o function of
(, (g, ¢12 fDY the cose D‘f LRSM anol Of
(; (gl ¢121 ¢141 ¢24.; ¢34. ‘fOY LRSM"‘VLQ

These parameters are varied within thelr allowed ranges

and one Looks for the maximum deviation of the
polarization from its SM value.
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LRSM, without and with LD

LRSM(no LD)

0.0000 0.0002 0.0004 0.0006 0.0002 [Tl
4

For very small values of ¢, {5 LRSM approaches the SM,
hence Ln absence of long distance contribution, the
polavization is left handed (4, = —1), '
However, as the parameters, €, {4 Lncrease, the

polarization changes from —1 to +1
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LRSM with a Vector-like gquark

LRSM+VLQ LRSM+VLQ
(800 GeV) (1200 GeV)

LD amplitude taken to be 2 x 107°
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: LRSM+VLQ LRSM+VLQ
LD amplitude of (800 GeV) (1200 GeV)

1x10°8

LD amplitude of
8 x 1078

LRSM+VLQ LRSM+VLQ
(800 GeV) (1200 GeV)

Even with the max. LD amplitude, the polarization can be 1073

(Differing from the SM value by five orders of magnitude).
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On the Experimental side.....  Polarization

Rﬁcew‘ctg aw observation of photon polarization tn the
b — sy transition reported by LHCL,

Photon polarization is obtained by the angular
distribution of the photow direction with respect to the
plawe defined by the momenta of the three final state
haorons L their cemter of mass frame.

A simdlar technique could be used to measure the
photon polarization for the case of D — wy, since the

decay of @ lnto three plons will permit the _
measurement of an up-dowwn asymmetry between the

number of events with photons own elther side of the
plane.
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On the Experimental side.....  Branching Ratios

BR(D® — p°4) = (L.77 £ 0.3 £0.07) x 1077,
BR(D® — ¢7) = (2.76 + 0.19 + 0.10) x 107>,

BR(D" — K "7) = (4.66 + 0.21 £ 0.21) x 107*,

Depending on the LD amplitude, NP S contribution
may/may wot be allowed.

For py, K™y ,Photon poLanzatww could be obtaineo fmm
photon conversionto ete
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Conclusions

Charwmed decay wodes tncluding radiative ones are
expected to be plagued by long distance contributions,

For certain values of the parameter épace of the model with
LRSM and a dowwn type Lsosinglet vector-like quark, S

BRs could be enhanced by even 0(10'°) wit sM s> BR.
They.could hence be above the long distance contribution.

Such an enhancement could signal the presence of NP,
However, the uncertainty in the size of the long distance -
contributions may wot allow this to be easily feastble.
However, the photon polarization continues to be different
from the SM value, over the entive range of the estimated
Long) distance contributions and hence can tn principle be a
robust stgnature of the presence of NP.

. O |
e
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BACK UP SLIDES
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Long Distance Contributions

-These being wow-]:ertwbatwe are hard to estimate,
Separated tnto two classes. |

Flrst one COYYESPONOIS to the annthilation or exclflawge
dbagmms

€41 = q2q3 with a photon attached to awg of the {ow
quark lines.

At hadronic level these diagrams manifest as Lowg
olbstawce pole diagrams.

The second cowesPovwls to the process € = 1429,
followed by - |

q>q — Y At hadronic Level tlm,s (s the vector dominance
mechanism (VMD).



Pole Cowtributiows




Vector Mesow Dovinance

D->WV, V, =y

Using the factonzatuow assumption, the squared VMD
awplitude ts:

Correspond to Color X, is the final meson Y, appears from the
favoured/ which couples to D - Y transition
suppressed operators vacuum

(Y (py )| J¥|D(P)) = 2L emvroer Pypy, + 2myido(q?) 52"

mp+my

mp+my

+1 [{'ﬁlm + my ) Ay (q?)e — wﬂ“ + py ) — 2my As(g?) ";.,'f:' q




To caleulate the form factors, we use the form,

A4(0) o, V(0) | Fajfer, Kamenik

Ai(qp) = B A e """ *  PRD 72, 034029

1 —-Vbzx o (I —z)(1 —azx)

lelely)

The decag constants are determined in terms of
V - e'e data,
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