Particle Physics Seminar DESY/Zeuthen 24 January 2001

Electron-Proton Scattering at √ s = 1 TeV

Report from the THERA Study Group

J. A. Crittenden DESY/ZEUS (on leave from Phys. Inst. Bonn)

THERA Chronology

M.^{Tigner, B. Wiik and F. Willeke}

IEEE Proceedings 1990

R.^{Brinkmann, Tr. J. of Phys. 22 (1998) 661}

(Ankara workshop)

A.^{Wagner, Future of HERA and TESLA}

(DIS’99, Zeuthen)

TESLA tunnel tangential to HERA “... with the clear intention to have the future option to collide electron beams from TESLA with proton beams in HERA.”

“It would be good to include in the TDR a chapter on the physics potential of electron-proton collisions with TES- LA on HERA.”

DIS^{Workshops}

→^{1998: A. De Roeck} →^{1999: Y. Sirois} →^{2000: M. Klein} U.^{Katz, Physics with THERA}

ECFA/DESY Linear Collider Workshop, May/2000

The^{THERA Study Group}

→^{Convenors established in late 1999} →^{Meetings/Workshops:}

February, April, October, December

→^{Contribution to TDR now being edited}

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 2

October Meeting Agenda

DESY/Zeuthen 24 January 2001

J. A. Crittenden, DESY 3

The THERA Convenors

In consultation with: R. Brinkmann W. Bialowons P. Wesolowski F. Willeke

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 4

Participants from 43 institutes

DESY/Zeuthen 24 January 2001

J. A. Crittenden, DESY 5

Participants

All volunteers

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 6

Ernest Rutherford (1871 – 1937)

”All science is either physics or stamp-collecting“ (Nobel Prize for Chemistry 1908)

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 7

The Discovery of the Very Small

”It seems certain that these large deviations of the α particle are produced by a single atomic encounter.“

” A simple calculation shows that the atom must be a seat of an intense electric field in order to produce such a large deflexion at a single encounter.“

– E. Rutherford (1911)

”It was quite the most incredible event that has ever happened to me in my life. It was almost as incredible as if you fired a 15-inch shell at a piece of tissue paper and it came back and hit you.“ – Notes from one of Rutherford’s last lectures

Niels Bohr (1913) The atom is empty!

The Bohr Radius

a0 = h̄2 e2 me ≃ 50.000 fm

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 8

Richard Feynman (1918–1988)

Nobel Prize for Physics 1965

“ ... And that was the problem that Rutherford wanted solved, and when he had the correct solution, he then checked it against experiment. And he found that the ones that were supposed to be deflected through large angles were not there. ... So those which come very close to the nucleus do not seem to come out the way they ought to, and the reason is that the nucleus has a size ... I’ve got the story backwards. I got mixed up. Excuse me. I start again. ”

– from Feynman’s Lost Lecture, Goodstein (1996)

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 9

100 Years of Scattering Experiments

HERA THERA Ee 27.5 GeV 250 GeV Ep 920 GeV 920 GeV Ecm 318 GeV 960 GeV

The next redefinition of “elementary”

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 10

Assessment of HERA Results (I)

What have we learned?

F^{2(x, Q2): Steep dependence on x in DIS region} High^{density of sea quarks} Raging^{controversy over saturation} F2^{(x, Q2): Steep dependence on Q2 at low x} High^{density of gluons} Precision^{measurement of αs made possible} Reached^{theoretical level of precision} Gold^{mine of Strong Interaction Dynamics} Soft^{diffraction}

Pomeron intercept depends on energy, process, �p Physics of α^′IP Unitarity

Ha^{rd diffraction}

Factorization theorem, diffractive PDF’s New scaling laws Discovery potential high

T^{ransition regions in Q2, W , t, M}

Best hope for unified understanding of very old problems

Exclusive^{processes in QCD}

Scaling, energy dependence, helicity selection rules

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 11

Assessment of HERA Results (II)

Heavy^{flavor → test of QCD at NLO}

Precision^{charm} T^{reacherous beauty}

No^{structure to partons down to scale of 10−18 m} No^{leptoquarks, no contact interactions, no nuthin}

No^{deviation from SM in spacelike region} Mechanism^{of electroweak unification}

verified to HERA accuracy

THERA makes sense

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 12

The THERA Kinematic Plane

Extend^{x range down to 5 × 10−6 for Q2 ≃ 1 GeV2} Cover^{factor 10 in pQCD regime at x ≃ 10−4} Extend^{one order of magnitude in Q2 into region of}

electroweak unification

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 13

PDF (I): Low x

Scaling violations yield high sensitivity to αS Prel. estimate of �αS ≃ 0.0005 indicates 3-loop calculations necessary

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 14

PDF (II): Saturation

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 15

PDF (III): Higgs

Z. Kunzst, S. Moretti, W.J. Stirling, hep-ph/9611397

⇒Gluon fusion dominates Higgs production at LHC

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 16

PDF (IV): UHE Neutrinos

M. Glück, S. Kretzer, E. Reya, astro-ph/9809273 See also Gandhi, Quigg, Reno, Sarcevic

Low-x PDFs needed for earth tomography with “ultra-high-energy” neutrinos from AGNs, GRBs AMANDA, NESTOR, Antares

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 17

PDF (V): Twist 4

J. Blümlein, V. Ravindran, J. Ruan, W. Zhu, THERA TDR

⇒Twist-4 contribution predicted to slow rise of F2

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 18

Alternative Viewpoint:

Total Photon-Proton Cross Sections σtotγ∗p ≈ 4π^2α Q2(1−x) F2(x, Q2)

⇒ Steeply rising cross sections at high energy

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 19

Diffraction (I): Inclusive Kinematics

Low-x/Diffraction Working Group: THERA TDR

Gains^{in x, Q2 similar to F}2 Gain^{one unit in rapidity} Big^{gain in M}X^{range} App^{ropriately-designed detectors}!

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 20

Diffraction (II): Inclusive MX Range

Low-x Working Group: THERA TDR

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 21

Diffraction (III): Vector Mesons

Elastic Proton Dissociative

⇒ Steeply rising J/ψ cross section at high energy ⇒ QCD prediction for � much steeper

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 22

Diffraction (IV): VM at High |t|

Semi-exclusive Vector-Meson Photoproduction at High Momentum Transfer

Recent breakthrough to power-law behavior reached

Spectrum is harder than expected for transverse production

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 23

Heavy Flavor (I): Manifesto

“Electroproduction of heavy flavours is the best testing ground of QCD. This phenomenon is due to the light cone dominance for F_{k,c}, F_{k,b}.”

W. van Neerven, Dec/2000, THERA Workshop

Electroproduction

Charm

Beauty

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 24

Heavy Flavor (II): Photoproduction

Heavy Flavor Working Group: THERA TDR

Charm Beauty

⇒ HUGE gains at high P_T and at low x

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 25

Partonic Structure of the Photon

Direct Resolved

⇒ Striking gains as for heavy flavor

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 26

Electroweak Unification

⇒ New level of sensitivity to SM predictions

(CC, polarization, R.H.C.)

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 27

Leptoquarks

Exotics Group: THERA TDR

Spectroscopy (e±L,R) only possible if LQ within HERA range

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 28

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 29

Simulated ν∗ Event at THERA ep → ν∗ + jet + X → e + 3jet + X ν∗ → eW → eqq Simulated in the ZEUS detector for 250 GeV × 920 GeV (Mν∗ = 400 GeV)

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 30

Accelerator Layout

Electron^{beam Energy: limited to 400 GeV}

(800 GeVfor two arms)

Luminosit^{y: Latest estimate 40 pb−1 per year}

Proton-cooling R&D→ ×2.5

P^{olarization: No transfer problem} Need^{to reverse proton beam} Need^{electron dump}

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 31

Kinematical Considerations

(250 GeV × 920 GeV)

Electrons in very narrow backward cone

Broad spectrum of hadrons also backward

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 32

General Detector Design Considerations

DESY/Zeuthen 24 January 2001

J. A. Crittenden, DESY 33

The THERA Detector: High Luminosity Configuration

DESY/Zeuthen 24 January 2001

J. A. Crittenden, DESY 34

Conclusions

THERA is technology-driven

Experience from HERA

Community present

Golden Opportunity

DESY/Zeuthen 24 January 2001 J. A. Crittenden, DESY 35