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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

*whilein case of B mesowns, short-distance effects
dominate, charm quark systems are dominated by
Large long-distance RCD contributions,

CwWithinthe SM, the short distance tn rare charm decays

- Suffers from almost complete GIM suppression, as box
or penguin dingrams get contributions from down
type-abmost massless quarks from the weak scale
perspective, |




“The long distance effects can screenthe presenceof
new physics particles that wmay appear in the Loop of the
shortdistance penguin contributions.

“* NP short distance enhancement should be Largerthan
the long distance contributions, to be distinguishable



Measure the difference in the rates of the exclusive modes
D° - py and D° > wy itn which the long distance
effects are expected to cancel, would indicate short distance
new physics if the data reveals a difference of rates which
ts more than 20%.

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

Explore effects of presence of a heavy-veetorlike down
tYypetsosinglet quark with additional L-R symmetry.

No Z-mediated FCNC i the up type qua rke sector.



with @CD Corrections

within SM, therels an enhancement of the radiative
decay rates tn the presence of RCD corrections,
Enhancement by a factorof2in b = sy. A more
dramatic enhancement expected in the case of charm
radintive decays.

Hewce need to evaluate the corvesponding Wilson
coefficients within the RG lmproved perturbation theory,

with NP

Neeo 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
c > uy
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It was shown (Greub, Hurth, Misiak, wWyler), that
therets an enhancement from O(10717) to 0(1079)
of the BR with NLO RCD corrections.

Hamiltonian for the scale my < u << Myy is given by
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Vector-like dowwn type Lsosinglet quark

Posstbility of short-distance enha noement tn heavy

vector Likee fermww modtels discussen pre\/wustg (Babu, He
Li Pakvasa) :

No new operators are tntroduced for the ¢ = uy transition

 Abovethe b scale, one needs to Lntegrate out b’ also.

The operators 07, Og contribute above the b scale, due to |
presence of b’ gquark. =



Parameter values obtained from the fitto
flavor observables

Alok, Banerjee, Kumar and S. U. Sankarr,

Parameter SM  my = 800 GeV my = 1200 GeV

0.2273

0.2271 0.2270

0.0035 0.0038 In addition to the
3 angles of the CKM
matrix, there are
1.10 1.04 1.04 3 additional angles,
9i4l [ 1,2,3

0.0397 0.0391 0.0391

— 0.0151 0.0147
0.0029

0.0123




Benchmark values of 800GeV and 1200GeV used for m;,

Coefficients
NP NP NP NP
my, = 800 GeV my, = 1200 GeV my,, = 800 GeV my, = 1200 GeV

-1.0763 -1.0769 -1.0769 -0.7434 -0.7434 -0.7434
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Branching Ratios in SM and in a model with
Tector like quark

At the LO, contributions from the tntermediate s and d
quarks differ only in the CKM factors, thelr sum, using

unitarity is —VepVyp  leadingto a large suppression
Ln the amplitude, '

At NLO, the functional dependence of the amplitudes on
s and d quark masses becomes substantial, the
amplitude is X V, .V, and is enhanced,



The minimal Left right sywmmnetric model is based on the
gauge groupSU(S)c X SU(Z)L X SU(Z)R. |

B-L
The electric oharge Q — o L

To emsure'perturloa’ci\/e interactions between right-

hawnded gauge boson and fermions, (5 = gr/gy , (Where
gr and g arethe right and left handed couplings)
Should not be too Large. Direct search tmpose the bound

{ My, > 2.5TeV.

Also, Vg should be tn the Tev range. These cowstmmts
metg that 0 < < 2



v Charged gauoge bosons, Wi, Wy are mixtures of the
mass elgenstates Wi, W, with a mixing angle , which

s restricted to Lie tn the range (0 — 1072).

v Since mintmal LRSM models are becoming haroler to
realize, we use a RH mixing matrix which ts distinet
fromthe LH CKM matrix. To decreasethe wo. of

parameters, we take the RH CKM to be

Cip = COSPq3,S51, = Singq,
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where .A and B are the bare SD contributions to ¢; and cg respectively given by

A= Zﬁ {CH [MG{}EEE;'ML;LGJ'{L n mc:gsiﬂzu;‘)xf”GfE N m¢f:gsinqccsqe”i’,l%96#”
{

+mygsin¢cosce ' PAFEG) + Qo (Mcos®eA;-Gs- + megsin®e AR GE

+mylgsinccos¢@? XG5 + my¢gsinccosce P AL GET) }

P

B=S" {C‘H (meos®¢CAG HE + MEGsin® P HT 4+ my¢gsin¢eosce® A\gFH T

+my¢gsinccos¢e AR HAL) + Q) (mcos?¢ AL HER + ngsiﬂzqkﬁEHEE

+mycgsinccosce® \eFHER + my¢gsin¢cosce /@ APLHAL) }




Additional parameters of Left-right symmetry
with vector-like guark and the Enhanced BR -

LRSM+VLQ
Parameter Range
My 00, 1200GeV

buali =1,2,3) 0 —2m

0ii(i =1,2,3; 7 = 2,3,4) listed in Table |

Model




Long Distance Contributions

These being non-perturbative are hard to estimate.
Separated into two classes. =

Flrstone corresponds to the annihilation or exch awge
dLa@mms

- €q7 > q2q3 witha photon attached to any of the fow
guark Lines.

At hadvronic level these diagrams manifest as long
olistawce pole diagrams,

The second corresponds to the process € = 41424,
followed by

q-q — Yy .At hadronic level this is the vector dominance
mechanism (WMD),
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Vvector Meson Domilinance

D->WV, V, -y

Using the factorization assumption, the squared vMD
awplitudeis:

(mp+my :]é ] X —2
fv.

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

(Y (py)|JH|D(P)) = V@) ppo o+ “P.py, + 2myiAo(q?) :::-.

mp+my

mp+my
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To caleulate the form factors, we use the form,

Aq(0) . o V(0) Fajfer, Kamenik

1 — by’ Vig) = m s PR 55 030009

Ai(qp) =

(2005)

The deca Y constants are determined tn terms of
V > e'e data.



Photon Polarization as a probe of New Physics

Within SM, in the penguin diagram for ¢ > uy, only
LH components of the external fermions coupleto the W .

A helicity flip on the ¢ quark leg o« m, contributesto
amp. for emission of Left polarized photons, while that on
the u quark leg, X my, results in right polarized photons.

n the LRSM, simee the physical Wy couplesto both Left
and right handed guarks, a heLLoL’cg flip is also possible
own the tnternal (d,s,b) guark lines, x my¢. .

with the additional vector like quark, < my,, ¢



Photowpotanzatww for the process, € — uy

we define the photon polarization {or the ¢ - uy process as,

where Cp, €y denotethe amplituoles
forthe right and Left polarized
photons in the process.
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For SM, since SD contributionsto cg are negligible, with
only SP cowtributiows, A, =—1.

However, the exclusive decay modes corresponaing to

¢ = uy are dominated by LD contributions, To account
for these, we addl all the pole type and VMD amplitudes of
all the exclusive charmeo meson processes. Due to the
uncertainty tn the sign of the VMD, the LD amplitude Lies
intherange (2.08 X 1072 — 8.78 X 10~ 7)1/GeV



BIRIIER e LD anplitudes do not have any preferveo
potanzatww theg contribute equattg to both cp and c;.
Tln Ls results bn an almost vanishing value of polarization,

A, =00 =025

Without LR sy mmetrg Lsostnglet Vi can only
coupleto Wi, and hence tts adadition will only enhance the
left Polarized ampLLtuole For this case, Ln presence of LD

contribution, 4, Liesin the range
(—6.1x10°°to —2.6 x 1073)



The photon polarization can be exPrésseol as a function of
(; 691 ¢12 'fOV the case D'f LR;SM angl 0‘]6

(,Cgr P12, P14, P24, P34 fOr LRSMHVLR

These parameters ave varied within their allowed ranges
and one Looks forthe maximum deviation of the
polarization from its SM value.



LR.SM, without and with LD

LRSM(no LD)

0.0006 0.0002 00010 ! 0.0006

For \/erg swmall values of ¢, ¢ g LRSMapproaches the SM,
henee in absence of Long distance contribution, the
polarization is left handed (4, = —1).

However, as the parameters, ¢, ( Lnerease, the
polarization changes from —1 to +1



LRSMwitha veotoy-L’LVee Quark

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

0, 0002

LD amplitude taken to be 2 x 10~°



LD amplitude of LRSM+VLQ | LRSM+VLQ
1% 10=8 (800 GeV) (1200 GeV)

LD amplitude of
8x 1078

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

00004 [iTiii [T 0,000 [iTiiiv]

Even with the max. LD amplitude, the polarization can be 1073
(Differing from the SM value by five orders of magnitude).



On the Experimental side.....  Polarization

Recently an observation of photonpolarization in the
b — sy transition reported by LHCD.

Photonpolarization is obtained by the angular
distribution of the photon direction with respectto the
plane defined by the momenta of the three final state
hadrons in thelr center of mass frame.

A stmilartechnique could be used to measure the
photonpolarization forthe case of D — wy, sincethe
decay of @ intothree plons will permitthe
measurement of an up-down asymmetry between the
number of events with photons ow eitherside of the
plane.



On the Experimental side.....  Branching Ratios

BR(D" — p%y) = (1.77 £ 0.3 £ 0.07) x 107,
BR(D® — ¢v) = (2.76 £ 0.19 + 0.10) x 1077,

BR(D? — K ) = (4.66 + 0.21 + 0.21) x 10™*.

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

For py, K’y Photowpomnzatww coulol be obtained from
photon conversionto e’ e



Conclusions

Charwmed decay wmodes including radiative ones are
expected to be plagued by long distance contributions.

For certatn values of the parameter space of the moolel with
LRSM and a dowwn type Ltsosinglet vector-Like quark, SD
BRs could be enhanced by even 0(10'%) wit smM s> BR.
They could hence be above the long distance contribution.

Such an enhancement could signal the presence of NP.
However, the uwcer’caiw‘cg Ln the size of the long distance
contributions may wnot allow this to be easily feastble,

However, the photon polarization continues to be different
from the SM value, over the entire vange of the estimated
long distance contributions and hewce can tn principle be o
robust stgnature of the presence of NP.






The operators Dﬁ' and DE‘T are the only ones that contribute at my, < p << Myy,.
Within SM, these are the only operators that contribute for ¢ — wy. Thisis in

contrast with radiative bottom decays.
Qf = (U T2qu)(@* Tocy).

Operators (g to Qg are generated at m: < . << my due to the matching at scale

M.

Q3 Uvue S g, Qe=0uTa S ¢* T
q q

Uy e ) 477, Qs = Uyu e To0L Y G777 T,
q

Jem

L _ gs - a
'IB“E mcu_ll_ﬂ- GHF#].’ — L G .




The evolution can be schematically expressed as

C(O}(,‘I — mc) — U(O}

2y = me. mo) R Ul (Mo, M) ) (Miy)

match =~ (f=5)
with O ={LO, NLO} specifying the order in QCD corrections.

U525)(mb, My) is 2 x 2 and U((24) is 8 x 8 matrix.

At LO, Uéfs))(mb. My, ) and U((if) are dependent on LO anomalous dimensio

matrix. For NLO, they dependent on NLO anomalous dimension matrix. Both

taken from 10.1007/JHEP08(2016)091(Boaer, Muller, Seidel).

RO is Identity matrix. R"NLY) taken from 10.1007/JHEP08(2016)091 (Boae

match match

Muller, Seidel).

LO initial conditions

NLO initial conditions

Ci(My) =
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