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Non-Standard Interactions:

Effects of new physics at low energies can be expressed via
dimension-six four-fermion operators

There are five types:

- (%

V(1234) (7,0, ) (P10, )

e, (1234) = (1,0, ) (2,0 v,
= (@w, ) (9w, )
= (@r'y, )(wsr’w,)




Fierz Identities

Fierz
Transformation

2 4

1 1 1 1 1

cc(1234) = - e(1432) - e, (1432) - e, (1432) + e, (1432) - 1e,(1432)
e, (1234) = —e(1432) +%Q/ (1432) +%eA(1432) +e,(1432)

e (1234) =1 3e,(1432) +%er(1432) | 3e,(1432)

e, (1234) = +e,(1432) + % e, (1432) + % e, (1432)! e,(1432)

e.(1234)=! ies(1432> +%e\, (1432)! %er(1432) | ieA(msz) | %%(1432)



Fierz ldentities for Chiral Fields

LL, RR cases

eS(lzL/R34L/R)_ e (14L/R L/R) e (14L/R L/R)
ev(12L/R34L/R)=+eV(14L 232, %)
e (12, .34, ;) =—-6e.(14, .3 L/R)+ e (14, 232, 1)

LR, RL cases

1
e(12, .34, )= _EeV(14R/L32L/R)
e (12, :34,)=0



Fierz Transformation Example:

neutrino-electron interaction from W exchange :

2\/7(3 ( V7.8 )(ELy“veL) — 2J2G.(v ( V.YV )(?Ly“eL)

neutrino-electron interaction from Z exchange :

2V2G, (7,7 veL){gZZ(5LV“€L)+8Z§(5RV“6R)}



New Physics:

HSYR™ (H) "

(- LI/J"#L) (512) (L/RV eL/R) - 272G 88L/R( oLV VﬁL)(EL/RyMeL/R)

7
.#*/*&lll(#)*+,ll_
ya[o’ye

(v Ve TV, vﬁL) : (eLeR+eReL)
¢



Fierz Transformed New Physics:

VLR

Charged vector exchange:

(N [ CREI ETE RN )

Charged scalar exchange:
('r”R/LQJR)(éR/L! ”L/R)

1,_ _ 1,_ o
- E (VaR/LV/sL/R ) ( CriLELIR ) - g (VaR/LOMvV/a’L/R ) ( €riL9 €rR )



Vector and Scalar NSI:
"#$%8& ' ()*+, -

!2\/§GF!?;}‘/R(' "L p #L)(QJR QJR)
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Vector NSIOs of the Neutrino

1.

Lnst = 12 2Gg L (i #PLe) TPt
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Existing Constraints

"#$%&'()*'%+,"-%.+*#-%/%#-%#) +0"#$) & (*#)$ 1
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Expected Future Constraints

"#$%&%$'()*+!(%,-.&/01-&.2
34(5,6,708(9:!13;<(=>;?@A(;?@B
C4('$D,EF$0G(H4 (94 (H3E&BIEE3J1.4(KL;M(=>;? @ Al

v | < 01! 0.01
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Interactions must be SU(2) x U(1) invariant:
L = —2\/§GF€Z];(E7“PLVT) (E’yﬂPLe)

Case 1: (L,4"L,)(LevuLe)
— {(V—W”PLVT) (ZeyuPrve) + (77" Prvz ) (ev, Pre)
+(ﬁ7u,PLT) (V_e’YH’PLsz) T (E/YMPLT) (éf}/HPLe)]

Constrained by T — pee : |efk| < 107*

Case 2: (LuiooLf)(LgioaLe)
1

1
= (@ Povr) By Pre) — 5 (77 Pove) (o Pre)
1 1
—5 (T Prve) (@, Pu) + 5 (7ey" Prve) (v, Prr)

Constrained by i = eVeV,, T = VeV, T = UVeVe : |sﬁ%| <1073



FarzarShoemaker Model

"H#5%0&' Y80 ()#*"#+"#,-./0% 1/ 82456 789:7,<=7>>2#
%&?@AB:C::"7D:ES8

o (I (Mw N g 2 (1000GeVNT g\ (100MeV ) ?
- q MZ/ - g sz - 10—4 ]\/[Z/

Vi

IqL/R~ | ] = JuL 4 JuRr jaL 4 jdRy
JHR 0005 | 1, =3(I% +1) +3(0/% +/%) ~ 0,06

7



Farzan-Shoemaker Model : Z' Mass & Coupling

The mass of the Z’ is chosen to be:

135 MeV < Mz < 200 MeV

so that the decays
™ = v+ 7, Z' — oyt

cannot occur

Range of the Z’-exchange force comparable to that of strong
interactions - Z’ interactions between quarks can be sizable but
still be masked by the strong force (?)

Z’ coupling to the leptons are strongly constrained by:

T — u+ 7



Constraints on the ZO couplings revisited:
1" #%&'()*+%, -./0
1"#1,2+/)*+%,-./0
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/' potential energy:

/' potential energy term:

&(!

3 Q" 3 (39’A)2 )
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Result of Fit:
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Coupling to the electron from pAQanixing:
"HBY6%68. ('8, #$$B)*&*+,-.%/&0,1-2"23

% " # $ $4&58078&

O'&'+"&Y" Y& ("8 <82, " &=, &, 1=%" &' &" V" H'+,-*
>1'8;<8$-2&'("&=(,',-&H$-&?) @A




Optical Theorem:

e e e

|
Im ]~
I

e e e

1

o0 2
(g2 -1 _(0) = ~— / TR

where
o(eTe” — hadrons)

oete” — ptu~)




photorphoton and photd® correlations:

2 1-— 2 1-—
T, <<§u’yﬂu — gdﬂyud) (gu%u — gd”y,,d)>

1

(6) 2 ((wypu + dy.d) (wy,u + dy,d))

Q

+ (%) 2 (@ = dyd) (@yu = dyyd))

Q

2 1— _
I, o < (gﬂ%f“ — gd’md> (T, u + d%d)>
1
=
6

(@ + D) (W0 + T



Separation of Isovector and Isoscalar parts:

[ —— Dolinsky Isoscalar + BW resonance
1000 -
[ - Total R ratio
100;
= f
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VEPP-2M, S. |. Dolinsky et al., Phys. Rep. 202 (1991) 99-170



Running of the effective coupling to electron:s

vvvvvvvvvvvvvvvvvvvvv
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Resulting bounds:

0-_l||||||||||||||||||||||||||||||_
-50 -45 -40 -35 -3.0 =25 =20

Log;o(g")



Resulting bounds:




Work in Progress:

T>um is also strongly bounded:

Bt > ua‘n)<21x10° (90% C.L.)

No loop suppression - Stronger bound?



Does thé! "!I bound apply to th&sAModel?

#5968 S()$*+,-$./%"$,/$'0"+IAR"B. Yo" IS+ +,-$%"$4'$
"43#5,40'65%&'$()$783%$ +,-$./3.4 $%8& $* %'+ 96" #
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BELLE Central Drift Chamber




Twebody decay bound:

45968 (()*
B(tr = u+27) < 5x107°
' M
/ 6 x 10~° Z
g6 < 0x (QOOMeV)

+,--..10%.1222.345.%.56"..9%3034%347%.089.4%..::,73,9.36.
3/,.=6$89.36! " 1# $%&6%/486=$.08M@0%BI$7D.E0"3D.E/@
E"67D.1HFF.&12'G*. 1A 12*

B(tr—=p+27) < 1x107*
!

M 7
J¢ < 9><10_9( z )




Conclusion :

"HEOB &'(%" / &)*Yo+") Yot -$H#./%0" L (*(YoHS&'%"),-,'&../%
8221+*(
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