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klein1
Parton distributions unfolded with H1 data and with ZEUS data only

comparison to global fits

QCD fits parameterise initial PDFs- H1 and ZEUS parton distributions are in agreement

- HERA experiment�s fits agree with global fits

- Gluon at low x and Q2 not well constrained 

- Treatment of systematic, model and

theoretical errors subject to conventions 
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bern1

Result of a brute force calculation (actually only a small part of it):

k1 · k4 ε2 · k1 ε1 · ε3 ε4 · ε5

3

Bern

gg → ggg amplitude by conventional means (2 out of 25 pages)
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Indepent checks on amplitudes from soft and collinear limits
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Sven-Olaf Moch Summary of ICHEP04 – p.16

http://www-zeuthen.desy.de/~moch


hashimoto3
HH������������	�
�	�����������������	�
�	�����

�@*��%���I�@*��%���I
.0���1�8-��1�>����1�
$��%��&�������

H5	�(!*����(��������
	&���3�&�����B���
4�)��@*��%�����
4�)����
�4�J�I

HK����4�)��G��
��3	���I

-���3����)�B�	+��L

0<���1��������������

Hashimoto

Simulation with dynamical
fermions give control of lattice
systematics
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Hashimoto

Issue still controversial; Open question = project out single taste
from staggered operator (possible?) and check locality
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Issue still controversial; Open question = project out single taste
from staggered operator (possible?) and check locality
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New version of ZFITTER with important theory improvements
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Recent EW calculations

Muon decay:
fermionic: A.Freitas, W.Hollik, W.Walter, G.Weiglein 2000; M.Awramik, M.Czakon, 2003;
bosonic: M.Awramik, M.Czakon, 2002; A.Onishchenko, O.Veretin, 2002;
New MW prediction: M.Awramik, M.Czakon, A.Freitas, G.Weiglein 2003;

sin2 θ
lept
eff :

fermionic: M. Awramik, M. Czakon, A. Freitas, G. Weiglein, Aug 2004;
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Shift in MH due to new calcula-
tions is almost as large as shift
due to new mt
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Stirling, Ma, De Florian
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P. Langacker ICHEP2004 (8/16/04)

Langacker

gµ − 2: deviations theory/experiment

New physics?
Precision calculation of Standard Model value!
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vainshtein2
ICHEP, AUGUST 16, 2004 A. Vainshtein Light-by-light in g−2 5

Hadronic contributions

ahad
µ = ahad,LO

µ + ahad,HO
µ + aLBL

µ

µ µ
γ

q
γ

q

Lowest order hadronic
contribution represented by
a quark loop

An example of higher order
hadronic contribution
ah,HO

µ =−100(6)×10−11

µ µ

γ

γγγ
� �

Light-by-light scattering
contribution
aLbL

µ = 86(35) × 10−11

ahad,LO
µ =

{

6963(62)(36)×10−11 e+e− based

7110(50)(8)(28)×10−11 τ based
Davier, Eidelman, Höcker, Zhang ’03

Vainshtein

New evaluation of light-by-light contribution with
OPE constraints in QCD from short-distances
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vainshtein1
ICHEP, AUGUST 16, 2004 A. Vainshtein Light-by-light in g−2 3

Experimental values and theoretical predictions. The green bars are due to
the shift in the hadronic light-by-light contribution.

Vainshtein

Sizeable effect of light-by-light contribution
Further improvement of theory error?
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ligeti2
A convenient parametrization of CKM matrix

• Exhibit hierarchical structure by expanding in λ = sin θC ' 0.22

V =



Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb


 =




1 − 1
2λ

2 λ Aλ3(ρ− iη)

−λ 1 − 1
2λ

2 Aλ2

Aλ3(1 − ρ− iη) −Aλ2 1


 + O(λ4)

• Measurements often plotted in the (ρ, η) plane (a “language” to compare data)

VudVub
*

Vcb
*Vcd Vcd

Vtd

Vcb
*

Vtb
*

βγ

α

(0,0)

(ρ,η)

(1,0)

Main uncertainties of two sides:

Vub/Vcb: B → Xu`ν̄ and B → Xc`ν̄

Vtd: Bd and Bs mixing

Z. Ligeti — p. xvi

Ligeti
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Testing the flavor sector

• For 35 years, untill 1999, the only unambiguous measurement of CPV was εK
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ε
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ε
K

|V
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/V
cb

|

sin 2β

α

βγ

ρ

η

excluded area has CL < 0.05

CKM
f i t t e r

ICHEP 2004

sin 2β = 0.726 ± 0.037, order of magnitude smaller error than first measurements

Z. Ligeti — p. 2

Ligeti
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ligeti7
SM tests with K and D mesons

• CPV in K system is at the right level (εK accommodated with O(1) CKM phase)

• Hadronic uncertainties preclude precision tests (ε′K notoriously hard to calculate)

• K → πνν: Theoretically clean, but rates small B ∼ 10−10(K±), 10−11(KL)

By now 3 events observed: B(K+ → π+νν̄) = (1.47+1.30
−0.89) × 10−10

[BNL E949]

Need higher statistics to make definitive tests

• D system complementary to K,B: CPV, FCNC both GIM and CKM suppressed
⇒ tiny in SM and not yet observed

Only meson where mixing is generated by down type quarks (SUSY: up squarks)

yCP =
Γ(CP even) − Γ(CP odd)

Γ(CP even) + Γ(CP odd)
= (0.9 ± 0.4)% [See Shipsey’s talk this afternoon]

At present level of sensitivity, CPV would be the only clean signal of NP

Z. Ligeti — p. 4

Ligeti
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Hashimoto
Gold-plated quantity for lattice QCD
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Non-leptonic B-decays

B → ππ-decays role model for applications of QCD factorization approach
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ligeti14
B → D(∗)π decay and SCET

• “Naive” factorization: A(B0 → D+π−) ∝ FB→D fπ , works at O(5–10%) level
Factorization also in large Nc limit (1/N2

c ) — need precise data to test mechanism

B0 → D+π− B− → D0π− B0 → D+π−

B− → D0π− B0 → D0π0 B0 → D0π0

SCET: O(1) O(ΛQCD/Q) O(ΛQCD/Q) Q = {Eπ,mb,c}

• Predictions:
B(B− → D(∗)0π−)

B(B0 → D(∗)+π−)
= 1 + O(ΛQCD/Q) ,

data: ∼ 1.8 ± 0.2 (also for ρ)

⇒ O(35%) power corrections

Predictions:
B(B0 → D0π0)

B(B0 → D∗0π0)
= 1 + O(ΛQCD/Q) ,

data: ∼ 1.1 ± 0.25

Totally unexpected before SCET
[Mantry, Pirjol, Stewart]

Z. Ligeti — p. xi

Ligeti
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barbieri2
A road map to the discovery/test of EWSB

physics (cum grano salis, please)

*

! ~ ! ~ ! ~ ! ~

! √ ~ ! √ ~

Å
very

signiÞcant
add indirect

evidence
crucial for

test
add indirect

evidence

*
! = likely

~ = incomplete
= unlikely naturalness assumed

Barbieri
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langacker2 Models and spectra

• Weyl fermion

– Minimal (two-component) fermionic degree of freedom
– ψL ↔ ψc

R by CPT

• Active Neutrino (a.k.a. ordinary, doublet)

– in SU(2) doublet with charged lepton → normal weak
interactions

– νL ↔ νc
R by CPT

• Sterile Neutrino (a.k.a. singlet, right-handed)

– SU(2) singlet; no interactions except by mixing, Higgs, or BSM
– NR ↔ Nc

L by CPT
– Almost always present: Are they light? Do they mix?

Beijing (August 22, 2004) Paul Langacker (Penn)

Langacker
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langacker3• Dirac Mass

– Connects distinct Weyl spinors
(usually active to sterile):
(mDν̄LNR + h.c.)

– 4 components, ∆L = 0

– ∆I = 1
2

→ Higgs doublet

– Why small? LED? HDO?

– Variant: couple active to anti-
active, e.g., mDν̄eLν

c
µR ⇒ Le −

Lµ conserved; ∆I = 1 6

6

��
��

νL

h

NR

v = 〈φ〉

mD = hv

Beijing (August 22, 2004) Paul Langacker (Penn)

Langacker
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langacker4• Majorana Mass

– Connects Weyl spinor with itself:
1
2
(mT ν̄Lν

c
R + h.c.) (active);

1
2
(mSN̄

c
LNR + h.c.) (sterile)

– 2 components, ∆L = ±2

– Active: ∆I = 1 → triplet or
seesaw

– Sterile: ∆I = 0 → singlet or
bare mass 6

6

��
@@

@@
��

νL

νc
R

?

6

��
@@

@@
��

νL

νL

• Mixed Masses

– Majorana and Dirac mass terms

– Seesaw for mS � mD

– Ordinary-sterile mixing for mS and mD both small and
comparable (or mS � md (pseudo-Dirac))

Beijing (August 22, 2004) Paul Langacker (Penn)

Langacker
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langacker5– Mixings: let ν± ≡ 1√
2
(νµ ± ντ):

ν3 ∼ ν+

ν2 ∼ cos θ� ν− − sin θ� νe

ν1 ∼ sin θ� ν− + cos θ� νe

1
2

3

3

1
2

– Hierarchical pattern

∗ Analogous to quarks,
charged leptons

∗ ββ0ν rate very small

– Inverted quasi-degenerate pattern

∗ ββ0ν if Majorana

∗ SN1987A energetics
(if Ue3 6= 0)?

∗ May be radiative unstable

Beijing (August 22, 2004) Paul Langacker (Penn)

Langacker
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Summary of the Summary

QCD
essential and established part of the toolkit for discovering
new physics (e.g. Tevatron and LHC)
close collaboration with experiment is important
major advances in past year, promise of more to come . . .

Electroweak physics
precision data/theory indicate new physics at O(1TeV)

biggest discrepancy: NuTeV measurement of sin2 θeff
−→ theory uncertainties must be reevaluated
biggest challenge: deviation of gµ − 2

Flavour physics
Paradigm change:
look for corrections rather than alternatives to CKM
Strong constraints on new physics:
rare B-decays, B − B̄-mixing
Soft-collinear effective theory:
QCD technology for non-leptonic B-decays

Beyond Standard Model physics
address electroweak symmetry breaking at future colliders
neutrino massesBright future for particle theory and phenomenology

in close collaboration with experiments
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