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The TESLA Accelerator
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 Panned superconducting e+ e- linear collider @ DESY

 33 km long

 m
Z
 

�

�

s 

�

800++ GeV

 Luminosity up to 5x1034 cm-2s-1, several 100 fb-1 per year

 Polarized electron and (possibly) positron beams

 Several additional running options: gg, eg, e- e-
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The TESLA Site
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Physics at TESLA

Origin of electro-weak symmetry breaking

Shed light on hierarchy of scales (SUSY, 
extra dimensions, ...)

Precise measurement of SM processes (top-
quark physics, GigaZ, ...)

Watch out for the unexpected

Physics questions addressed by TESLA:
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Attractiveness of a Linear Collider

�

Cleanness

� well defined initial state

� electro-weakly interacting initial state

� tiny beam spot � good flavor tagging

� Flexibility

� tunable beam energy (threshold scans, successively "switch on" SUSY channels)

� beam polarization

� additional running options: gg, eg, e- e-

�

Precision

� precisely known, high luminosity

� excellent detector resolution (focus on physics, not survival)

� precise theory predictions

Notice: A linear collider will probably be put into operation               
            after major LHC discoveries

Why is an e+ e- linear collider still needed?

More precise measurements, complement to LHC results
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Higgs Profile
Determination of the complete Higgs profile:

 Model independent Higgs selection 

Higgs-strahlung

e+ e- 

�

 HZ 

�

H l+ l-

Recoil mass independent from H decay

�

 Good momentum resolution necessary
 Higgs branching ratios

  

�

Requires good flavor tagging

 Couplings to fermions and bosons
g

Hff
 = 

�

2 m
f
 / v

g
HWW

 = 2 m
W

2 / v

g
HZZ

 = m
Z

2 / v
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Higgs Quantum Numbers

 Spin from threshold scan
  20 fb-1/point

 CP from angular distri-
  bution in the continuum
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Higgs Potential
V(F ) = m2 F +F  + l  (F +F )2

with m2 < 0 and l  > 0

Vacuum expectation value:

v = (-m2/l )1/2

V(H) = l v2H2 + l vH3 + l H4/4 

m
H

g
HHH g

HHHH

Measurement of double Higgs-
strahlung e+ e- 

�

HHZ:

Dg
HHH

/g
HHH

 » 20 %

Measurement of g
HHHH

 hopeless
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Supersymmetry
Possible SUSY particle spectra:

 Precise spectroscopy of     
  accessible particle states
 Determination of masses,  

  mixings and couplings
 Reconstruction of               

  underlying high energy       
  theory:

 GUT or not?
 SUSY breaking           
mechanism

An e+ e- linear collider can make use of its special features:

 Threshold scans
 Polarisation of beams
 Usage of additional operation modes: e-e-, e-g, gg
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Supersymmetry
SUSY with gauge mediated SUSY breaking (GMSB) can be
especially demanding for the electromagnetic calorimeter:

Scenario:
Gravitino: LSP,
Lightest neutralino: NLSP

Leads to delayed neutralino
decays into an invisible
gravitino and a non-pointing
photon

� Photon tracking necessary
    to reconstruct decay vertex

Requires high Ecal granularity
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Detector Design 
The whole detector design is driven by one goal:

utmost precision
This becomes manifest in the following detector characteristics:

 High detector granularity
      Vertex detector granularity:
       TESLA:             800 Mpixels                         CMS:             39 Mpixels
       Ecal granularity (detector components):
       TESLA:             32x106                                 CMS:             76x103

  Extremely thin tracking devices
      Tracker thickness:
       TESLA:             0.05 X

0
                                 CMS:              0.30 X

0

       Vertex layer thickness:
       TESLA:             0.06 % X

0
                             CMS:              1.7 % X

0
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Detector Design
 Hermeticity

       Tracker angular coverage:
       TESLA:         7°                          CMS:           9.4°

 High magnetic field (4 T)

Bunch train Bunch train

 Bunch separation 337 ns
 Duration of bunch train 1 ms
 200 ms between two trains

 Store data of whole bunch      
   train in front end
 Software selection within        

  200 ms
No hardware trigger needed

� No dead time

Design is also determined by bunch structure:
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TESLA-Detector
Overview:
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Vertex Detector
Task:

Precise reconstruction of primary and secondary vertices

�

 Crucial for flavor tagging
Envisaged accuracy:

d(IP) 

�

 5 mm 

�

 10 mm GeV / (p sin3/2 q)

SLD:    8 mm 

�

 33 mm GeV / (p sin3/2 q)
Detector concept:

5 layer pixel detector,
800 Mpixels, pixel size
20x20 mm2

3 different technology
options:
CCD, DEPFET, CMOS MAPS
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CCD (Charge Coupled Device)

CCD classic CP CCD

Established technology:

Excellent experience at SLD

 Spatial resolution 1.5 - 3 mm

  Material in fiducial volume              

  restricted to thin silicon layer 

�

 Little power dissipation (10 W         

  for 800 Mpixels) 

�

 Very slow 

�

  

�

 Column parallel readout
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DEPFET (Depleted Field Effect Transistor)

spatial resolution: ~ 9µm
(with 50x50 µm2 pixel)

~ 3.2 mm

Matrix picture with 55Fe:

J.Ulrici, Bonn

M. Trimpl, Bonn

 Sensor with inte-            
  grated pre-amplifier

 Low noise, < 30 e-

  at room temperature

 Low power consump-
  tion (< 1 W/sensor)

 Thinnable (50 mm) Collection of charge at internal gate
� Modulation of transistor current
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DEPFET (Depleted Field Effect Transistor)

steering chips

readout chips

520 x 4000 pixel
DEPFET-Matrix

(25 x 25 µm pixel)

readout chips

L. Andricek, MPI Munich

Matrix is read out
row-wise

Proposed setup for TESLA:

First thinned samples:
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CMOS MAPS (CMOS Monolithic Active Pixel Sensor)
MIMOSA I

G. Deptuch, LEPSI

4x64x64 pixels

 Uses standard, widely available
  CMOS technology

 All-in-one detector-connection-readout

 Small size/greater integration

 Low power consumption

 Radiation resistance proven

Result from
120 GeV p-

beam test

x
MIMOSA

 – x
track

 (mm)
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TPC (Time Projection Chamber)

Cheap way to instrument a large volume with a minimum 
amount of material, good particle identification via dE/dx

 Length 5.46 m

 Æ 3.4 m

 Volume 38 m3

 Field cage 0.03 X
0

 1.2x106 channels
Envisaged precision:

 Momentum resolution: Dp
t
/p

t

2 = 1.5x10-4 GeV-1

 dE/dx accuracy: 5 %

E, B field
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Gas Amplificaton System

 Intrinsic ion feedback suppression

 Amplificatation stuctures of order ~ 100 mm

 Two-dimensional Symmetry

 Fast electron signal

Replace conventional MWPC system (wires) by

Micro Pattern Gas Detectors (MPGD):

Most promising candidates: 

 Gas Electron Multiplier (GEM) (F. Sauli, 1997)

 Micromegas (Y. Giomataris et. al., 1996)

Wires

GEM
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GEMs (Gas Electron Multipliers)
 50 mm thick kapton

 coated with 5 mm copper layers
  on both sides

 140 mm pitch

 70 mm hole diameter

Kapton

Cu

Cu

300-500 V

70 mm

Electron
drift lines

 Gain up to
  104 per GEM
  feasible

 Multiple GEM
  structures possible
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Micromegas

100 mm

 Grid with 25 or 50 mm pitch

 Distance grid �  pad plane 100 mm

 Gain up to 104

 Ion feedback suppression through
  funneling of drift lines
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Calorimeters

e+ e- ®   t t

Reduced applicability of kinematic fits due to beamstrahlung
and ISR as well as missing energy in fusion and SUSY processes

� Hermiticity and excellent energy and angular
    resolution is important

Blue:    Ecal
Green: Hcal

Calorimeters for
TESLA:

The calorimeters in action:
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Jet Energy Resolution

Separation between e+ e- ®   n n W+ W- and e+ e- ®   n n Z Z events
through mass reconstruction in four-jet channel

DE = 0.6 

�

E DE = 0.3 
�

E

Goal for jet energy resolution:        s
E
 » 0.3 E
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Energy Flow Technique
Energy distribution in typical multi-jet event:

� 60 % charged particles

�

 Tracker

� 30 % photons

�

 Ecal

� 10 % neutral hadrons

�

Ecal + Hcal

To get best energy resolution:

Add momenta of charged particles, measured in tracker,
to energies of neutrals, measured in calorimeters

�

Requires separation of calorimeter showers from charged
    and neutral particles

X
0
, R

Molière
 small

�

compact showers

X
0
/l

had
 small  

�

separation of el.-magn. and had. showers

High granularity is of paramount importance
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particle

Electromagnetic Calorimeter

Comparison of shower profile with different absorbers:

 40 layers of tungsten absorbers
  (X

0
 = 3.5 mm, R

Molière
 = 9 mm)

 Total depth = 24 X
0
, 0.9 l

had

 1 cm2 silicon readout pads
 Energy resolution

  DE/E 

�

0.1 / 

�

E 

�

 0.01

Excellent performance but expensive
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Hadron Calorimeter
Tile calorimeter:

 Stainless steel absorbers

 5x5 cm2 to 25x25 cm2

  large scintillator plates

 Read out by optical fibers

Readout via small photo detectors that are insensitive to
magnetic fields

Possible candidates:

 Avalanche Photo Detectors (APDs)

 Silicon Photo Multipliers (SiPMs)

Size: 32 pixels à 
        1.6x1.6 mm2

Size: 1x1 mm2

               with up to
         1000 pixels
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Hadron Calorimeter
Principle of operation
for APDs and SiPMs:

SiPM

One scintillator tile
with a SiPM

Each peak

�

 1 photo electron
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Digital Hadron Calorimeter
Alternative design for hadron calorimeter:

 Highly segmented
  pad size 1 cm2

 Binary readout by
  RPCs or small wire
  chambers

 Simple frontend
  electronics
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Muon System

Instrument return yoke with
reliable, inexpensive detectors

Possible options:
 Plastic streamer tubes (PSTs)
 Resistive plate chambers (RPCs) 

Tasks:
 Identify and trigger muons
 Tail catching of hadronic showers

Setup of a RPC: O(10) layers
 Overall active area

  O(5000 m2)



Summary

A linear collider offers fascinating prospects

Detector design is governed by precision, not 
radiation hardness or readout speed

Precision measurements put high demands 
on the detector (a LEP/SLC like detector is 
not sufficient)

Comprehensive, worldwide R&D projects 
have been started to address this challenge
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