�

�

�

. 2-Loop corrections to the Bhabha cross-section e^+ e^− → e^+ e^−

Tord Riemann, DESY Zeuthen

Contributed to the Workshop on Forward Calorimetry and Luminosity Measurement in the TESLA Detector A project in collaboration with Jochem Fleischer Univ. Bielefeld Janusz Gluza DESY (and Katowice) Oleg Tarasov JINR Dubna and DESY (and Bielefeld) Anja Werthenbach CERN Alejandro Lorca (50 %), Eva Zaiti – PhD students

• Introduction and Conclusions

Tord Riemann, Zeuthen, 13 Nov 2002 1 TESLA Forward Detector WS

�

�

�

Why study 2-loop Bhabha scattering now?

• Bhabha scattering is a prominent luminosity-monitoring reaction for e^+e^− colliders • 2loop Bhabha: Experimental accuracy points to 0.1% • New Physics reach: e^+e^−e^+e^− four fermion operators small angles: t-channel dominates • Relatively simple in the low-angle case: QED is by far dominating

Although at TESLA also Z exchange will play a role there • In theory, we have now an understanding of 2loop problems nobody expected 8 years ago 1994: 2nd Loops and Legs conference (Teupitz) had first bulk of 2loop talks Nevertheless: very demanding concerning person-power, computer-power, brain-power

Tord Riemann, Zeuthen, 13 Nov 2002 2 TESLA Forward Detector WS

�

�

�

Offer by drinking-a-beer Frits Berends, NL, in 1989

Okey, I need One million Swiss francs and five – or ten? – Russians

and I will do this

Since then (i.e. in 13 years), there are 9 articles in spires with “Bhabha . . . two loop” in the title.

Tord Riemann, Zeuthen, 13 Nov 2002 3 TESLA Forward Detector WS

Tord Riemann, Zeuthen, 13 Nov 2002 3-1 TESLA Forward Detector WS

�

�

�

2-loop Bhabha scattering: What to be done?

σ = |Born + 1-loop + 2-loop|^2 + |(Born + 1-γ) + (1-loop + 1-γ)|^2 + |(Born + 2-γ)|^2 • Do not include: |2-loop|^2 |(1-loop + 1-γ)|^2 • New, besides 2-loops: The one-loop 5-point function We think one should do the calculation with finite electron mass Why?

A hint from Stashek Jadach, but also the feeling it could help to gain experience for electroweak calculations

Tord Riemann, Zeuthen, 13 Nov 2002 4 TESLA Forward Detector WS

Two-loop Topologies for Bhabha Scattering

From talk of Z. Bern, LoopFest 2002

Tord Riemann, Zeuthen, 13 Nov 2002 4-1 TESLA Forward Detector WS

Two-loop Topologies for Bhabha Scattering �

�

�

� Tord Riemann, Zeuthen, 13 Nov 2002 5 TESLA Forward Detector WS

Two-loop Topologies for Bhabha Scattering, cont’d �

�

�

�

Diagrams from Feynman Diagram Analyzer DIANA (Tentyukov, Fleischer)

Tord Riemann, Zeuthen, 13 Nov 2002 6 TESLA Forward Detector WS

�

�

�

2-loop Bhabha’s: Why we feel well-prepared?

We think that we have some special experiences in several fields, all of them are needed here • Creation of Feynman diagrams and form input with DIANA • Treatment of massive loops • Treatment of complicated multi-loop structures • Phenomenological experiences from LEP 1 and LEP 2 • Last but not least: Cooperation between Loop specialists and Monte-Carlo specialists (and later: with some of you . . . ) • We are several theorists believing in this project Hope to have sufficient computer power when needed

Tord Riemann, Zeuthen, 13 Nov 2002 7 TESLA Forward Detector WS

From Bern, LoopFest 2002 �

�

�

� Have to add: Shifted dimensions, O. Tarasov, PRD, NPB (1996)

Tord Riemann, Zeuthen, 13 Nov 2002 8 TESLA Forward Detector WS

�

�

�

Figure 1: One-loop diagrams to e^+e^− → e^+e^− Fleischer, Riemann, Tarasov, Werthenbach:

Factorizing one loop contributions to two loop Bhabha scattering and automatization of Feynman diagram calculations – ACAT, Moscow, hep-ph/0210180 Massive two-loop Bhabha scattering - the factorizable subset – Radcor, Banz, hep-ph/0211167

Tord Riemann, Zeuthen, 13 Nov 2002 9 TESLA Forward Detector WS

�

�

�

Example: 3-point function for Bhabha

For two zero masses and final on-shell momenta we have e.g. (J. Fleischer, F. Jegerlehner, O. Tarasov)

J_G = − C_0(0, me, 0, m^2_e, m^2_e, p^2)

J_G Γ ( 2 −^d_2 ) = (m^2)^{d2 −3} 2(d − 3)^2

F_1

1, 1 ;_{d−1} 2 ; 1 − p^2 4m^2

− √ πΓ (_{d−2} 2 ) (−p^2)^{d−4}2 2^{d−2}Γ

(_{d−1} 2 ) m^{2 2}

F_1

1,^{d−22} ; d−1 2 ; 1 − p^2 4m^2 ,

while for usual 1-loop calculations it is sufficient to work with A_0, B_0, C_0, and D_0.

These Passarino-Veltman functions lead to ln(X) and Li_2(X).

New techniques like recurrence relations, difference equations etc.

Tord Riemann, Zeuthen, 13 Nov 2002 10 TESLA Forward Detector WS