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[Why new interactions? }

Only SM interactions: difference suppressed by mass

Dirac—Majorana o< m,

E.g.
Ov B33, v+e~ scattering, Z° decay, ...

Reason:
massless limit = SM

New interactions: difference NOT suppressed

Dirac—Majorana o new int.
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-
Assume most general 4-fermion interactions J
-

Rosen’s ratio: J
\_

Define: the ratio of forward to backward scattering cross sections

R, =21n SM s

-

0 < R, < 4(Dirac),

~

0 < R, <2(Majorana).

J




-

most general 4-fermion interactions:

G _

Lo-L N TW[II(Cy + Dyin®)]
\/Q a=S,P,V,A,T

\ s 9 VL, /

P = {1,iy° 9", 449", 0" = 5[, 7"}

[5 types of interactions J

Scalar, Pseudo-scalar, Vector, Axial-vector, Tensor

[ZXS=1O coupling constants}
Co, D, (a=S5 PV, AT)

But
Cyv = Dy = Cpr = Dy = 0 (Majorana)



4 B
LD % Y o [(T*(Cy + Dain® )]

a=S,P,V,A,T
N J

4

T T
aram(i-L)re(i-1)

T: Recoil energy, (A, B, C) = functions of (C,, D,).

[Rosen’s ratio: } [R = 2(A+QB+C)]

do G%M
{ d—T(V + E) S5 o

P — A+4+C

‘ Cyv = Dy = Cp = Dy =0 (Majorana)

0 < R, < 4(Dirac),
0 < R, <2(Majorana).




T T\’
A+ 2B (1_E_,,) *C(l‘E—,,)
J
a )
R = 2(A4+2B+C)
p = A+C
S
Any other ratios?
/\/B Yes
\

(A, B, C)

=

—=functions of 10 parameters in L.

Cy = Dy = Cpr = Dy =0 (Majorana)

J

Points in the plot: Dirac/ Majorana



2D Projection

¥?

1X +—=1
2 B A—C
: R R
3N+ =]
2 X (Y-X Pl R = \/Az 4+ B2 (2

Dirac bound

- g 3X2+Y?%<1
X=
A2+ B+ 2 Proof:see 1702.05721

Majorana bound

:—2X3+|["r'+}{]3£1 2X2 ‘|— (Y :IZ X)2 S 1

and X <0
Proof:see 1702.05721

Points in the plot: Dirac/ Majorana




Current experiments

~ CHARM-II
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Future, ¥ uncertainties

~ CHARM-I| |
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[ Summary: D/M? How to Distinguish? }

{Step 1: neutrino scattering J

V+e —Uv+e

{Step 2: measureABC J
do G%

—(+1l) = M A+2B(1_E£V)+C(1_E£,,)2]

dT 2T

{Step 3: look at this ball J







Backup

[ LD % > DL [IT(Cq + Dyain®)!] }

a=S,P,V,A,T

[ = AT A0 =T

5 - JDa (a=8 PT)
" |iDa (a=V.A)

Cy = Dy = Cp = Dy =0 (Majorana).



)T
d—g(y+£)=GFM A+2B(1—E£)+G(1—

8=
~—
1 MI

dI’ 2T
do v+£)—G?“'M -C-i-QB -2y sa(1-2L !
dT T 27 E, E, ) |’
1 1 1
A= - (CA—DA+CV—DV) + = CPCT+ (CP+C +D§)—§CSCT+C%+EDPD-T—5D59T+D%,
1
B=- g(Q,;.+C D% + D3) 4+ C3 + D7,
_]' 2 1 2 1 1 2
=7 (Ca+Da—-Cv - Dy)? ——CPCT-I- (Cp+(3’ Ds)+§CTCS +Cr=5DpDr+5DsDr+ D7,
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D=(Cs—Dy)?=(Cy —D4)*+ C% —4C% + D% — ADF..
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