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from the beginning Tord tries to understand the world

Tord-3yearsold-damaged-equipment.jpg (photos thanks to Sabine R.)
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Tord is 60 years young,

it’s the fact

v SPIRES: 218 papers by Tord Riemann

v promoted 2 MSc students, 4 PhD student (the next one is waiting in a queue)

v over 5000 citations, many (tens) of collaborators from many countries, working
in many countries (Dubna, Geneva, Münich)
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working in Geveva, 1992
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India, three Amigos
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China and Tord
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(scientific) fields of interest

à LHC physics
à Loop calculations
à NNLO Bhabha scattering in QED
à Higher order corrections in the electroweak Standard Model (and some exten-

sions)
à Phenomenology of elementary particles; precision tests of fundamental interac-

tions
à Linear Collider physics; Higgs, WW, ZZ, 2f and 4f production in e+e- scattering
à HERA physics; QED and electroweak corrections for deep inelastic scattering at

HERA
à See also the homepages on Ambre, Bhabha Scattering, DIANA, aITALC, ZFIT-

TER, HECTOR
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v Awarded January 19, 2001 by the Scientific Council of the JINR Dubna for
the project ”Theoretical support of experiments at the Z resonance on precision
tests of the standard model (Project ZFITTER)”
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in Dubna
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in Dubna



13

tough winters deep in Russia
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numerical and symbolic packages
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numerical and symbolic packages

v 1. ZFITTER - A Program for the Semi-Analytic Calculation of Predictions for the
Process e+e− → 2f

2. topfit - A Program for the Semi-Analytic Calculation of Predictions for the
Process e+e− → tt̄ (+photon)

3. GENTLE/4fan - A Program for the Semi-Analytic Calculation of Predictions for
the Process e+e− → 4f

4. Predictions for Anomalous tau+ tau- gamma Production at LEP 1
5. HECTOR 1.00 - A program for the calculation of QED, QCD and electroweak

corrections to ep and lN deep inelastic neutral and charged current scattering
6. SMATASY: a program for the model independent description of the Z resonance
7. AMBRE - Automatic Mellin-Barnes REpresentation, in Mathematica
8. CSectors - numerical calculation of multiloop tensor integrals in Euclidean region

by sector decomposition , in Mathematica.
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main collaborators

v Dima Bardin (66 papers)

v Jochem Fleischer (24 papers)

v J.G. (22 papers)

v Wolfgang Hollik (15 papers)

v Sabine Riemann (5 papers)
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v Homi Jehangir Bhabha, 1909-1966
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v Homi Jehangir Bhabha, 1909-1966

v father of the Indian atomic energy program
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v Homi Jehangir Bhabha, 1909-1966

v father of the Indian atomic energy program

v ”The scattering of positrons by electrons with exchange on Dirac’s theory of the
positron”, Proc.Roy.Soc.Lond.A154:195-206,1936.
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Luminosity of a collider depends on the machine (ε) and the beam (L): all is
complicated (not mentioning errors’ estimation)

dN

dt
= ε · L(t), N = ε · σ

∫
dtL(t) = ε · σ · L (1)

better is to choose a well known process:

L =
1

ε · σBhabha
NBhabha

then we may determine any cross section in (1)
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dσBhabha
0

dΩ−
=
α2

4s

(
3 + c2

1− c

)2

+O

(
m2
e

s

)
,

where

s = (p− + p+)2, c = cos θ−.

σ ∼ 1

θ3
−

(!)

measurements at miliradians (1-3 degrees)
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first colliders

v 1960’s: Adone in Frascati, ACO at Orsay, VEPP-II at Novosibirsk,
1 ≤ √s ≤ 3 GeV

Ada, Bruno Touschek
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sometimes we should pray, maybe

I-guess-end-of-year-party-1976.jpg
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SPEAR, SLAC, charm discovery
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Gerson Goldhaber, Martin Perl, and Burton Richter, Nobel Prize 1976
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v next step, LEP and SLC
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v next step, LEP and SLC

v now

[
ILC

]
and meson factories
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v 23.06.2011: 295 papers in SPIRES with the title ”Bhabha”
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v 23.06.2011: 295 papers in SPIRES with the title ”Bhabha”

v 22 of them by Tord (of 218 papers in total)
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Fleischer, Lorca, TR, 2004
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massive QED NNLO corrections

v NNLO leptonic and hadronic corrections to Bhabha scattering

and luminosity monitoring at meson factories.

C.Carloni Calame, H. Czyz, J. Gluza, M. Gunia, G. Montagna,

O. Nicrosini, F. Piccinini, T. Riemann, M. Worek,

June 2011. 38pp.

e-Print: arXiv:1106.3178 [hep-ph]
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I SE loop insertions (without photonic line) are so called fermionic diagrams, rest
represents photonic.
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I SE loop insertions (without photonic line) are so called fermionic diagrams, rest
represents photonic.

I Closed fermionic loop can be muon, tau, top or light quarks.

I In general, box B5 is a 4-scale problem: me,mf , s, t(u).
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photonic

Nf=1
Nf=2

hadronic

2007-2009
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Photonic corrections (no fermion loop)

v
dσ2

dσ0
= A ln2

(
s

m2
e

)
+ B ln

(
s

m2
e

)
︸ ︷︷ ︸

collinear

+ C︸︷︷︸
non collinear

v [Arbuzov,Kuraev,Shaikhatdenov ’98] [Glover,Tausk,van der Bij ’01] ⇒ A, B

v [Penin ’05] ⇒ C=C0 + O(m2
e/s) from massless result

v Result of A. Penin confirmed by independent calculation [Becher-Melnikov ’07]
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Heavy Fermions with IR Matching excluding O(m2
e/s)

[Penin ’05]: photonic corrections follow from a change in the regularization scheme

M(m = 0, 1/ε︸︷︷︸
IR and collinear

)⇒M(ln(s/m2
e)︸ ︷︷ ︸

collinear

, ln(λ2/m2
e)︸ ︷︷ ︸

IR

) + δM

[Mitov-Moch ’06]: for 2→ n QED/QCD scattering process

M(m 6= 0) =
∏
j

Z1/2
j M(m = 0) Zj =

FD(Q2,m 6= 0)

FD(Q2,m = 0)

[Becher-Melnikov ’07]: in QED assuming m2
e << m2

f << s, t, u heavy fermions can be
included

M(m 6= 0) =
∏
j

Z1/2
j S(mf)︸ ︷︷ ︸

process dependent

M(m = 0)
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Nf = 1 NNLO massive QED Corrections

Fermionic corrections: electrons in SE loops

v [Bonciani,Ferroglia,Mastrolia,Remiddi,van der Bij ’05]

⇒ electron loops with full me dependence (original)

v [Actis, JG, Czakon, Riemann ’07]

⇒ electron loops with full me dependence (recalculated)

v [Becher-Melnikov ’07]

⇒ electron loops m2
e << s, t (and in small electron limit)
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Evaluation of the MIs Electron-Loop Case

MIs evaluated using the method of differential equations
[Kotikov ’91] [Remiddi ’97] [Caffo,Czyz,Laporta,Remiddi ’98]
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Evaluation of the MIs Electron-Loop Case

MIs evaluated using the method of differential equations
[Kotikov ’91] [Remiddi ’97] [Caffo,Czyz,Laporta,Remiddi ’98]

Three-scale problem: s, t, me

x =

√
s−

√
s− 4m2

e√
s+

√
s− 4m2

e

y =

√
4m2

e − t−
√−t√

4m2
e − t+

√−t

MIs: HPLs [Remiddi,Vermaseren ’99] and 2dHPLs [Gehrmann,Remiddi ’00]
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Nf = 2 NNLO leptonic massive QED Corrections
First results:

v [Becher-Melnikov ’07]

⇒ m2
e << m2

f << s, t, u

v [Actis, JG, Czakon, Riemann ’07]

⇒ m2
e << m2

f << s, t, u

v [Bonciani, Ferroglia, Penin ’07]

⇒ here: m2
e << m2

f , s, t, u

Finally, yet another approach (dispersion relations, hadrons can be treated in a consistent way!)

v [Actis, JG, Czakon, Riemann ’08]

⇒ m2
e << m2

f , s, t, u
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I: Evaluation of the MIs Heavy Fermions

Four-scale problem: s, t, me, mf → new heavy-fermion scale

v Exploit the hierarchy of scales m2
e << m2

f << s, t, u

v Evaluate the MIs neglecting O(m2
e/m

2
f), O(m2

e/s), O(m2
f/s)

Mellin-Barnes method [Smirnov ’99] [Tausk ’99] efficient

I I2L ∼
∫
dz

(
m2
e

m2
f

)z+ε ∏
Γi(z, ε)∏
Γj(z, ε)︸ ︷︷ ︸

integral

⇒
∑
k

ck

(
m2
e

m2
f

)k

︸ ︷︷ ︸
sum

I MB representations by AMBRE [Kajda, JG, Riemann ’07]

I analytical continuation in ε with MB [Czakon ’05]

I sums with XSummer [Moch,Uwer ’05]
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Example: box MIs, Lm(x) = ln(−m2/x) and R = m2/M2

B[x,y] =
m−4ε

x

{ 1

ε2
Lm(x) +

1

ε

(
−ζ2 + 2Lm(x) +

1

2
L

2
m(x) + Lm(x)Lm(y)

)
− 2ζ2 − 2ζ3 + 4Lm(x) + L

2
m(x) +

1

3
L

3
m(x)− 4ζ2Lm(y)...

Zeta[2] = 1.64493406684822643647241516665
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e-Print: arXiv:1106.3178 [hep-ph]

NNLO leptonic and hadronic corrections to Bhabha scattering

and luminosity monitoring at meson factories.

C.Carloni Calame, H. Czyz, J. Gluza, M. Gunia, G. Montagna,

O. Nicrosini, F. Piccinini, T. Riemann, M. Worek,

e−

e+
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e+

γ
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electron pairs
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muon pairs

e−

e+

e+

e−

γ

γ

µ+

µ−

e− e−

e+e+

γ

γ

µ+

µ−

e−

e+ e+

e−

µ+

µ−

γ

γ
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pion pairs

e+

e+

e−

e−

π+

π− e−

e−e=

e+

π+

π−

γγ

e+ e+

π+

π−

e−e−

γ
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√
s σNNLO

rest,res σNNLO
rest,res′ σB

KLOE 1.020 [all n.r.] [n.r. without J/ψ(1S)]
-0.04538 -0.0096 529.5

BES 3.097 [all n.r.] [n.r. without J/ψ(1S)]
228.08 -0.0258 14.75

BES 3.650 [all n.r.] [n.r. without ψ(2S)]
-0.1907 -0.023668 123.94

BES 3.686 [all n.r.] [n.r. without ψ(2S)]
-62.537 -0.0254 121.53

BaBar 10.56 [all n.r.] [n.r. without Υ(4S)]
-0.0163 -0.01438 6.744

Belle 10.58 [all n.r.] [n.r. without Υ(4S)]
0.04393 -0.0137 6.331

resonance Mres [GeV] Γe
+e−

res [keV]

J/ψ(1S) 3.096916 5.55

ψ(2S) 3.686093 2.33

Υ(1S) 9.46030 1.34

Υ(2S) 10.02326 0.612

Υ(3S) 10.3552 0.443

Υ(4S) 10.5794 0.272

Υ(5S) 10.865 0.31

Υ(6S) 11.019 0.13



47

Rπ+π−
Rhad

√
s[GeV ]

R(s)

1.110.90.80.70.60.50.40.3
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48√
s σBY Se+e− [permille] Slep [permille] Shad [permille] Stot [permille]

KLOE 1.020 NNLO -3.935(4) -4.472(4) 1.02(2) -3.45(2)
BabaYaga(at)NLO 455.71 -3.445(2) -4.001(2) 0.876(5) -3.126(5)

BES 3.097 NNLO -2.246(8) -2.771(8) - -
BabaYaga(at)NLO 158.23 -2.019(3) -2.548(3) - -

BES 3.650 NNLO -1.469(9) -1.913(9) -1.3(1) -3.2(1)
BabaYaga(at)NLO 116.41 -1.521(4) -1.971(4) -1.071(4) -3.042(5)

BES 3.686 NNLO -1.435(8) -1.873(8) - -
BabaYaga(at)NLO 114.27 -1.502(4) -1.947(4) - -

BaBar 10.56 NNLO -1.48(2) -2.17(2) -1.69(8) -3.86(8)
BabaYaga(at)NLO 5.195 -1.40(1) -2.09(1) -1.49(1) -3.58(2)

Belle 10.58 NNLO -4.93(2) -6.84(2) -4.1(1) -10.9(1)
BabaYaga(at)NLO 5.501 -4.42(1) -6.38(1) -3.86(1) -10.24(2)

The σBY is the cross section in nb from BabaYaga(at)N LO, and Sx =
σNNLO
x
σBY

with x = e+e−, lep, tot,

where tot stands for leptonic (lep) + hadronic corrections.

Conclusion:

For realistic reference event selections we find agreement for the NNLO leptonic and hadronic corrections within 0.07%
or better and conclude that they are well accounted for in the generator by comparison with the present experimental
accuracy.
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Kloe

θ± : 20◦ − 160◦
hadrons: θ± : 55◦ − 125◦

θ± : 20◦ − 160◦
leptons: θ± : 55◦ − 125◦

ξ[◦]

σNNLO
exact −σNNLO

BY
σBY

[◦ /◦◦]

141210864

0.3

0.2

0.1

0

−0.1

−0.2

−0.3

−0.4

−0.5

−0.6

−0.7



50

Belle

θ± : 55.5◦ − 124.5◦
θ± : 45.5◦ − 134.5◦

leptons: θ± : 50.5◦ − 129.5◦

ξ[◦]

σNNLO
exact −σNNLO

BY
σBY

[◦ /◦◦]

16141210864

0

−0.2

−0.4

−0.6

−0.8

−1
θ± : 55.5◦ − 124.5◦
θ± : 45.5◦ − 134.5◦

hadrons: θ± : 50.5◦ − 129.5◦

ξ[◦]

σNNLO
exact −σNNLO

BY
σBY

[◦ /◦◦]

16141210864

0

−0.2

−0.4

−0.6

−0.8

−1

Contributions of leptons and hadrons to NNLO Bhabha process can be constructive (Belle) or destructive (Kloe), they
also depends strongly for some colliders/detectors on kinematical cuts.
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Conclusions
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Alles Gute Tord (Wszystkiego Najlepszego)


