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Why look at Charm 
Radiative Decays?

 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

While in case of B mesons, short-distance effects 
dominate, charm quark systems are dominated by 
large long-distance QCD contributions.

Within the SM, the short distance in 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.



The long distance effects can screen the presence of 
new physics particles that may 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



Alternately, look for special observables

Measure the difference in the rates of the exclusive modes, 

𝑫𝑫𝟎𝟎 → 𝝆𝝆𝝆𝝆 and 𝑫𝑫𝟎𝟎 → 𝝎𝝎𝝎𝝎 in which the long distance
effects are expected to cancel, would indicate short distance 
new physics if the data reveals a difference of rates which 
is more than 30%.

We will demonstrate that measurement of the photon 
polarization can 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 up type quark sector.



Enhancement of rates: 
with QCD Corrections

Within SM, there is an enhancement of the radiative 
decay rates in the presence of QCD corrections.

Enhancement by a factor of 2 in 𝒃𝒃 → 𝒔𝒔 𝜸𝜸. A more 
dramatic enhancement expected in the case of charm 
radiative decays.
Hence need to evaluate the corresponding Wilson 
coefficients within the RG improved perturbation theory.

with NP 
Need to enhance the rate above that from long distance 
Effects OR need signals that can be observed even in the 
presence of the long distance effects. 



Short Distance contribution in the SM
𝑐𝑐 → 𝑢𝑢𝑢𝑢



Short Distance QCD corrections in the SM

It was shown (Greub, Hurth, Misiak, Wyler), that 
there is an enhancement from 𝓞𝓞(𝟏𝟏𝟎𝟎−𝟏𝟏𝟏𝟏) to 𝓞𝓞(𝟏𝟏𝟎𝟎−𝟖𝟖)
of the 𝓑𝓑𝓑𝓑 with NLO QCD corrections.



Vector-like down type isosinglet quark

• Possibility of short-distance enhancement in heavy 
vector like fermion models discussed previously (Babu, He 
Li Pakvasa)

• No new operators are introduced for the 𝑐𝑐 → 𝑢𝑢𝑢𝑢 transition

• Above the b scale, one needs to integrate Out b’ also.

• The operators  𝓞𝓞𝟕𝟕,𝓞𝓞𝟖𝟖 contribute above the b scale, due to 
presence of b’ quark.

• A chi-squared fit to many flavor observables was 
performed to obtain the preferred central values of all the 
elements of the measurable 3X4 quark mixing matrix.



Parameter values obtained from the fit to 
flavor observables 
Alok, Banerjee, Kumar and S. U. Sankar, 

In addition to the 
3 angles of the CKM 
matrix, there are 
3 additional angles , 
𝜃𝜃𝑖𝑖𝑖, 𝑖𝑖 = 1,2,3



Values of Wilson coefficients
Benchmark values of 800𝐺𝐺𝐺𝐺𝐺𝐺and 1200𝐺𝐺𝐺𝐺𝐺𝐺 used for 𝑚𝑚𝑏𝑏
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At the LO, contributions from the intermediate s and d 
quarks differ only in the CKM factors, their sum, using 
unitarity is −𝑽𝑽𝒄𝒄𝒄𝒄∗ 𝑽𝑽𝒖𝒖𝒖𝒖 leading to a large suppression 
in the amplitude.

At NLO, the functional dependence of the amplitudes on 
s and d quark masses becomes substantial, the 
amplitude is ∝ 𝑽𝑽𝒄𝒄𝒔𝒔∗ 𝑽𝑽𝒖𝒖𝒔𝒔 and is enhanced.

Branching Ratios in SM and in a model with 
Vector like quark 



Left-Right Symmetric Model
The minimal left right symmetric model is based on the 
gauge group 𝑺𝑺𝑺𝑺 𝟑𝟑 𝒄𝒄 × 𝑺𝑺𝑺𝑺 𝟐𝟐 𝑳𝑳 × 𝐒𝐒𝐒𝐒 𝟐𝟐 𝐑𝐑.

The electric charge  𝑸𝑸 = 𝑰𝑰𝟑𝟑𝟑𝟑 + 𝑰𝑰𝟑𝟑𝟑𝟑 + 𝑩𝑩−𝑳𝑳
𝟐𝟐

.

To ensure perturbative interactions between right-

handed gauge boson and fermions, 𝜁𝜁𝑔𝑔 = 𝑔𝑔𝑅𝑅/𝑔𝑔𝐿𝐿 ,(where 
𝑔𝑔𝑅𝑅 and 𝑔𝑔𝐿𝐿 are the right and left handed couplings) 
Should not be too large. Direct search impose the bound 

𝜻𝜻𝒈𝒈𝑴𝑴𝑾𝑾𝟐𝟐 > 𝟐𝟐.𝟓𝟓 𝑻𝑻𝑻𝑻𝑻𝑻.

Also, 𝒗𝒗𝑹𝑹 should be in the TeV range. These constraints 

imply that 𝟎𝟎 < 𝜻𝜻𝒈𝒈 < 𝟐𝟐.



 Charged gauge bosons, 𝑾𝑾𝑳𝑳,𝑾𝑾𝑹𝑹 are mixtures of the 
mass eigenstates 𝑾𝑾𝟏𝟏 ,𝑾𝑾𝟐𝟐 with a mixing angle 𝜻𝜻, which 

is restricted to lie in the range 𝟎𝟎 − 𝟏𝟏𝟎𝟎−𝟑𝟑 .

Since minimal LRSM models are becoming harder to
realize, we use a RH mixing matrix which is distinct
from the  LH CKM matrix. To decrease the no. of 
parameters, we take the RH CKM to be 

𝑐𝑐12 = 𝑐𝑐𝑐𝑐𝑐𝑐𝜙𝜙12 , 𝑠𝑠12 = 𝑠𝑠𝑠𝑠𝑠𝑠𝜙𝜙12



Left Right Contribution



Additional parameters of left-right symmetry
with vector-like quark and the Enhanced 𝓑𝓑𝓑𝓑

BR’s can be 
Enhanced 



Long Distance Contributions
These being non-perturbative are hard to estimate.
Separated into two classes.

First one corresponds to the annihilation or exchange 
diagrams
𝒄𝒄𝒒𝒒𝟏𝟏 → 𝒒𝒒𝟐𝟐𝒒𝒒𝟑𝟑 with a photon attached to any of the four 
quark lines.
At hadronic level these diagrams manifest as long 
distance pole diagrams.

The second corresponds to the process 𝒄𝒄 → 𝒒𝒒𝟏𝟏𝒒𝒒𝟐𝟐𝐪𝐪, 
followed by  
𝒒𝒒𝟐𝟐𝐪𝐪 → 𝜸𝜸 .At hadronic level this is the vector dominance 
mechanism(VMD).



Pole Contributions



Vector Meson Dominance

𝐷𝐷 → 𝑉𝑉1𝑉𝑉2, 𝑉𝑉2 → 𝛾𝛾

Using the factorization assumption, the squared VMD 
amplitude is:

Correspond to Color 
favoured/
suppressed operators

X, is the final meson 
which couples to 
vacuum

Y, appears from the 
𝐷𝐷 → 𝑌𝑌 transition



To calculate the form factors, we use the form,  

…. Fajfer, Kamenik
PRD 72, 034029 
(2005)

The decay constants are determined in terms of  
𝑽𝑽 → 𝒆𝒆+𝒆𝒆−data.



Photon Polarization as a probe of New Physics

Within SM, in the penguin diagram for 𝒄𝒄 → 𝒖𝒖𝒖𝒖, only 
LH components of the external fermions couple to the W .

A helicity flip on the c quark leg ∝ 𝒎𝒎𝒄𝒄 , contributes to 
amp. for emission of left polarized photons, while that on 
the u quark leg, ∝ 𝒎𝒎𝒖𝒖, results in right polarized photons.

In the LRSM, since the physical 𝑾𝑾𝟏𝟏 couples to both left 
and right handed quarks, a helicity flip is also possible 
on the internal (d,s,b) quark lines, ∝ 𝒎𝒎𝒃𝒃𝜻𝜻. 

With the additional vector like quark, ∝ 𝒎𝒎𝒃𝒃′𝜻𝜻



Photon polarization for the process, 𝒄𝒄 → 𝒖𝒖𝒖𝒖

We define the photon polarization for the 𝒄𝒄 → 𝒖𝒖𝒖𝒖 process as,

where 𝒄𝒄𝑹𝑹,𝒄𝒄𝑳𝑳 denote the amplitudes 
for the right and left polarized 
photons in the process.

For SM, since SD contributions to 𝒄𝒄𝑹𝑹 are negligible, with 
only SD contributions, 𝝀𝝀𝜸𝜸 = −𝟏𝟏.

However, the exclusive decay modes corresponding to 
𝒄𝒄 → 𝒖𝒖𝒖𝒖 are dominated by LD contributions. To account 
for these, we add all the pole type and VMD amplitudes of 
all the exclusive charmed meson processes. Due to the 
uncertainty in the sign of the VMD, the LD amplitude lies 
in the range (𝟐𝟐.𝟎𝟎𝟎𝟎 × 𝟏𝟏𝟎𝟎−𝟗𝟗 − 𝟖𝟖.𝟕𝟕𝟕𝟕 × 𝟏𝟏𝟎𝟎−𝟕𝟕)𝟏𝟏/𝑮𝑮𝑮𝑮𝑮𝑮



SM case: The LD amplitudes do not have any preferred 
polarization, they contribute equally to both 𝒄𝒄𝑹𝑹 𝒂𝒂𝒂𝒂𝒂𝒂 𝒄𝒄𝑳𝑳. 
This results in an almost vanishing value of polarization, 
𝝀𝝀𝜸𝜸 ∼ 𝓞𝓞(𝟏𝟏𝟎𝟎−𝟖𝟖 − 𝟏𝟏𝟎𝟎−𝟓𝟓).

VLQ  Without LR symmetry, isosinglet VLQ can only 
couple to 𝑾𝑾𝑳𝑳 , and hence its addition will only enhance the 
left Polarized amplitude. For this case, in presence of  LD 
contribution, 𝝀𝝀𝜸𝜸 lies in the range

(−𝟔𝟔.𝟏𝟏 × 𝟏𝟏𝟎𝟎−𝟔𝟔 𝒕𝒕𝒕𝒕 − 𝟐𝟐.𝟔𝟔 × 𝟏𝟏𝟎𝟎−𝟑𝟑)

Polarization  Values



The Interesting Scenario

The photon polarization can be expressed as a function of 
𝜻𝜻, 𝜻𝜻𝒈𝒈 ,𝝓𝝓𝟏𝟏𝟏𝟏 for the case of LRSM and of 
𝜻𝜻, 𝜻𝜻𝒈𝒈 ,𝝓𝝓𝟏𝟏𝟏𝟏 ,𝝓𝝓𝟏𝟏𝟏𝟏 ,𝝓𝝓𝟐𝟐𝟐𝟐,𝝓𝝓𝟑𝟑𝟑𝟑 for LRSM+VLQ

These parameters are varied within their allowed ranges 
and one looks for the maximum deviation of the 
polarization from its SM value.



LRSM, without and with LD

For very small values of 𝜻𝜻, 𝜻𝜻𝒈𝒈 LRSM approaches the SM, 
hence in absence of long distance contribution, the 
polarization is left handed (𝝀𝝀𝜸𝜸 = −𝟏𝟏). 
However, as the parameters, 𝜻𝜻, 𝜻𝜻𝒈𝒈 increase, the 
polarization changes from −𝟏𝟏 to +𝟏𝟏



LRSM with a Vector-like quark 

LD amplitude taken to be 2 × 10−9



LD amplitude of
1 × 10−8

LD amplitude of
8 × 10−8

Even with the max. LD amplitude, the polarization can be 10−3
(Differing from the SM value by five orders of magnitude).



On the Experimental side…..       Polarization

Recently an observation of photon polarization in the 
𝒃𝒃 → 𝒔𝒔𝒔𝒔 transition reported by LHCb.

Photon polarization is obtained by the angular 
distribution of the photon direction with respect to the 
plane defined by the momenta of the three final state 
hadrons in their center of mass frame.

A similar technique could be used to measure the 
photon polarization for the case of 𝑫𝑫 → 𝝎𝝎𝝎𝝎, since the 
decay of  𝝎𝝎 into three pions will permit the 
measurement of an up-down asymmetry between the 
number of events with photons on either side of the 
plane.  



On the Experimental side…..       Branching Ratios

Depending on the LD amplitude, NP SD contribution 
may/may not  be allowed.

For 𝜌𝜌𝜌𝜌,𝐾𝐾∗𝛾𝛾 ,Photon polarization could be obtained from 
photon conversion to 𝑒𝑒+𝑒𝑒− .



Conclusions
Charmed decay modes including radiative ones are 
expected to be plagued by long distance contributions.

For certain values of the parameter space of the model with 
LRSM and a down type isosinglet vector-like quark, SD 
𝓑𝓑𝓑𝓑s could be enhanced by even 𝓞𝓞(𝟏𝟏𝟎𝟎𝟏𝟏𝟏𝟏) wrt SM SD 𝓑𝓑𝓑𝓑. 
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 not allow this to be easily feasible.

However, the photon polarization continues to be different 
from the SM value, over the entire range of the estimated 
long distance contributions and hence can in principle be a 
robust signature of  the presence of NP.
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