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@ Testing the standard model
e Enhancement via higher dimensional operators
o New Ansatz
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INTRODUCTION THE STANDARD MODEL
VIA HIGHER DIMENSIONAL OPERATORS

PROBLEM

TO

@ Experiments — neutrinos have helicity -1 (lefthanded) and a small or no
rest mass

@ standard model assumption : neutrinos are massless
= helicity is a Lorentz invariant

@ Neutrinos are only generated from the weak interaction

@ Absence of righthanded neutrinos
= weak interaction couples only with lefthanded leptonic currents
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PROBLEM

HisTORY

@ Experiments — neutrinos have helicity -1 (lefthanded) and a small or no
rest mass

@ standard model assumption : neutrinos are massless
= helicity is a Lorentz invariant

@ Neutrinos are only generated from the weak interaction

@ Absence of righthanded neutrinos
= weak interaction couples only with lefthanded leptonic currents

QUARK—LEPTON UNIVERSALITY

The coupling to only lefthanded currents is assumed to be a fundamental,
universal property of the weak interaction and transferred to weak quark
decays.
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INTRODUCTION G THE STANDARD MODEL
ENT VIA HIGHER DIMENSIONA
ANSATZ

TESTING THE STANDARD MODEL

B FACTORIES BABAR AND BELLE

o High precision at the B factories BABAR and BELLE allows also a test of
charged currents

o This test is known from the lepton sector as the ,,Michel parameter
analysis“.
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TESTING THE STANDARD MODEL

B FACTORIES BABAR AND BELLE

o High precision at the B factories BABAR and BELLE allows also a test of
charged currents

o This test is known from the lepton sector as the ,,Michel parameter
analysis“.

APPROACH

o Extension of the standard model

o Calculation of the moments of the lepton energy spectrum and of the
spectrum of the hadronic invariant mass of the inclusive decay
B— X.em 7,

o Comparision with data from the B factories

N
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INTRODUCTION G THE STANDARD MODEL
ENT VIA HIGHER DIMENSIONA
SATZ

EXTENSION OF THE STANDARD MODEL

ASSUMPTION
@ There exists an unknown, parent theory at the scale A.

o The standard model is an effective theory of this superior theory.
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EXTENSION OF THE STANDARD MODEL

ASSUMPTION

@ There exists an unknown, parent theory at the scale A.

o The standard model is an effective theory of this superior theory.

REQUIRED PROPERTIES OF THE ENHANCED THEORY

Reproduction of the standard model at low scales:
o SU(3)c ® SU(2)L ® U(1)y symmetry
o V-A interaction
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STANDARD MODEL
NT VIA HIGHER DIMENSIONA

EXPANSION OF THE PARENT THEORY

1 1
£:£4D+K£5D+E£GD+-~- (1)

o L4p = Lgn: lagrangian of the standard model
o Lsp, Lep: lagrangian with dimension 5 and 6

o A: scale parameter of new physics
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EXTENSION OF THE STANDARD MODEL

SION OF THE PARENT THEORY

1 1
£:£4D+K£5D+E»CGD+-~- (1)

o L4p = Lgn: lagrangian of the standard model
o Lsp, Lep: lagrangian with dimension 5 and 6

o A: scale parameter of new physics

4

CONTRUCTION

o Expansion of the parent theory in standard model fields
= minimal expansion (no SUSY etc.)

o Construction of higher dimensional operators by hand.
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INTRODUCTION TESTING THE STANDARD MODEL
ENHANCEMENT VIA HIGHER DIMENSIONAL OPERATORS
NEW ANSATZ

CONSTITUENTS AND TRANSITION BEHAVIOR

QUARK FIELDS

_ 1 <¢0’iXo V26 )

T V2 \ V20 ¢o+ixo

SU(2)L ® SU(2)g symmetry
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ENHANCEMENT VIA HIGHER DIMENSIONAL OPERATORS
NEW ANSATZ

CONSTRUCTION OF THE NEW OPERATORS

LIMITATIONS
e SU(3)c ® SU(2)r ® U(1)y symmetry
= no dimension 5 operators possible
o Neglect of all operators O(1/A%)

STRUCTURE OF THE LAGRANGIAN

1 7 7 i
L = Lgy + A2 (OR + O£1)°L + O%%{)

K3
o Interaction of left and right handed particles

o New operators are of dimension 6
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INTRODUCTION

HER DIMENSIONAL OPERATORS

LIST OF INDEPENDENT OPERATORS

LR OPERATORS

M =0a16%: Q5
2) _QAIL3 ABQB

L = H (iD"*H)! + (D" H) HT

LY = Hrs (D*H)" 4 (iD*H) s H'

RR OPERATORS

Og}g =qa RFS%; 9B
0523 =qa {m, R} ng qB
0%, =ida [rs, R F$) an

O%ﬁg =4qa T3ﬁT3F,E;4I)3 qB

R* = HY (D" H) + iD*H)' H

oV, = g HHTHRD, g5 + hec.
O(I?)R = QA (O'HVB‘U'V)HRX)B qB + h.c.
0(23% = QA (O'#VW‘U‘V) HI?,(:))B g + h.c.

o) = Qa4 (iD,H)iD*R$) g5 +hc.

Ry = K + i

The terms with 73 take care about the
explicit breaking of the
SU(2)r, ® SU(2)r symmetry down to
the observed SU(2) ® U(1)y
symmetry.
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INTRODUCTION
ER DIMENSIONAL OPERATORS

FURTHER PROCEEDING

FURTHER PROCEEDING

@ Perform the spontaneous symmetry breaking

o Application to the decay B — X e~ 7,
= many of the operators drop out

o Integrating out the W boson = Fermi coupling

o Using the unaltered lefthanded leptonic current assuming massless
leptons
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ENHANCEMENT VIA HIGHER DIMENSIONAL OPERATORS
NEW ANSATZ

ANSATZ FOR THE QUARK CURRENT STRUCTURE

ANSATZ

The most general form of the current contains all possible dirac structures:
Jhp = CLE’)/HPLb +cr E'YMPRb

D D
+ g8 =L Ppb+ gr e —L Prb
mp my

A4 A4

0¥ _. 0
I dmeb(c 10, PLb) + dRE(C 10, PRD),

1—’75

1+75>'

—— PLz( .

) and PR:(

(7)

STANDARD MODEL

In the standard model:

socy, =1and cg =g, =gr=d; =dr =0.
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ANSATZ FOR THE QUARK CURRENT STRUCTURE

ANSATZ

The most general form of the current contains all possible dirac structures:
Jhp = CLE’)/HPLb +cr E'YMPRb

1D, 1D,
+gLC7PLb+gR07PRb (7)

A4 14

v 0" _.
I dmeb(c 10, PLb) + dRE(C 10, PRD),

with PLz(l_;S) and PR:<H;5>.

ORDER OF MAGNITUDE OF THE PARAMETERS
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OUTLINE

9 THE LEPTON-ENERGY SPECTRUM AT TREE-LEVEL
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THE LEPT 7Y SPECTRUM AT TREE-LEVEL

CALCULATION OF THE LEPTON-ENERGY SPECTRUM

MESON DECAY AND PARTON-LEVEL

B Xe b Ve c
/7 e wW- e
Ve Ve

The electron’s energy spectrum as a sum of single contributions:

dr dr 2E
— = Z T — mit Y= = und
dy 4 dy my (9)

K2

i = crCL, CLCR, cLdr, CLdR, CLYL, CLYR
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THE LEPTON-ENERGY SPECTRUM AT TREE-LEVEL

RESULTS AT TREE-LEVEL

cr,c;, CONTRIBUTION
This contribution contains the standard model lepton-energy spectrum:

drCLCL :G%|‘/Cb|2mg 2y2(3_2y) _ 6y2P _ 6y2p2 + 2y2(3_y)p3
dy 1020 -2 (P

drecer :_G%|Vcb|2mg /P [123/2 3 249 p 12y2p2]

dy 192 73 1-y  (1—y)?
drecdr :_G%chblng e 12y3p2+ 8y3p3

dy 19273 (1-y)* (1-y)?
dreete  GilVal’mj - [4y*(3-v)(y—1+p)°

dy 19273 (1-y)3
drecos _ GRIVafm} o [6R(-LepR] _ o dreser

dy 19273 1—y dy
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THE LEPTON-ENERGY SPECTRUM AT TREE-LEVEL

LEPTON-ENERGY SPECTRUM

1.4 T T T T T T T T T
1.2 —

0.8 - _
0.6 - -

0.4
0.2 -
dr 0
dy -0.2 |- /7]
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© RADIATIVE CORRECTIONS
@ Real corrections
@ Virtual corrections
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REAL CORRECTIONS
VIRTUAL CORRECTIONS

RADIATIVE CORRECTIONS

REAL CORRECTIONS

FEYNMAN DIAGRAMS

w- e w- e w- e
€ € €
)
b b 9 b g

QUARK—QUARK-GLUON—BOSON VERTEX IN THE SCALAR CONTRIBUTION

The covariant derivative DM:8H+ig3AZ)\a /2 in the scalar contribution to the

current )
1D

“p.b,

1Dy, _
gt —LP_ b+ gre
my my

generates a Quark-quark-gluon-boson vertex (diagram on the right-hand side)
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REAL CORRECTIONS
VIRTUAL CORRECTIONS

RADIATIVE CORRECTIONS

CALCULATION OF THE MOMENTS

1 dr G2|Vep >ms
L,== | dE,E} — with lp=—F_°2"_°
"o /E HraE, YT T 1023

[1-8p—12p In p+8p>—p*]

HADRONIC MOMENTS

da°r

1 o
Hij== [ dE; | dBhaa dMZq(MEq —m2)" E}
J ro /E 14 / had had( had mc) had dEg dEhaddM}%ad

cut

a;s/ﬂ' COEFFICIENTS OF THE HADRONIC MOMENTS

—-

2
| ccr ady cdy agi agr

0.09009 —0.03629 0.01697 —0.05009 0.01286 0.06051
0.04700 —0.01782 0.00789 —0.02426 0.00679 0.03264
0.02509 —0.00903 0.00377 —0.01205 0.00364 0.01794
0.00911 —0.00330 0.00117 —0.00418 0.00121 0.00660
0.00534 —0.00188 0.00062 —0.00229 0.00071 0.00396
0.00181 —0.00063 0.00018 —0.00070 0.00023 0.00138

O R O N O |-

LW DN DN =
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REAL CORRECTI(
VIRTUAL CORI

RADIATIVE CORRECTIONS

VIRTUAL CORRECTIONS

FEYNMAN DIAGRAMS

b b b

SPECIAL PROPERTIES

o Quark-quark-gluon-boson vertex in the scalar part of the current
generates two new diagrams (right).

@ The results with virtual corrections are only calculated for ¢y cy, and
crcr, because the others have an anomalous dimension
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RADIATIVE CORRECTIONS

VIRTUAL CORRECTIONS

COEFFICIENTS OF THE LEPTONIC MOMENTS (LEFT) AND HADRONIC
MOMENTS FOR ¢ = 0 (RIGHT)

n ‘ c ciCr i ] ‘ cl2 ciCr
0| —1.778 2.198 0 0| —1.778 2.198
1 | —0.551 0.666 0 1| —0.719 0.867
2 | —0.188 0.222 0 2| —0.292 0.349
3 | —0.068 0.079 0 3| —0.118 0.143

SPECIAL PROPERTIES

e Quark-quark-gluon-boson vertex in the scalar part of the current
generates two new diagrams (right).

@ The results with virtual corrections are only calculated for cpcy, and
crcr, because the others have an anomalous dimension
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REAL CORRECTIONS
VIRTUAL CORRECTIONS

RADIATIVE CORRECTIONS

SUMMARY AND OUTLOOK

@ The effects of the new couplings on the moments can be sizable.
o Example for a parent theory: Multi-Higgs model with charged Higgs

@ The calculation of the non-perturbative corrections is straight forward,
but the perturbative QCD-effects give the main contributions.

e Calculation of the anomalous dimensions is almost finished and to be
published soon

e Combined fit of all parameters, including quark masses and
HQE-parameters
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