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LCRD and UCLC
FY04 R& D Proposalsto DOE and NSF

L uminosity

Fast Gas Cherenkov Calorimeter (lowa S.)

Parallel Plate Avalanche, Secondary Emission Detectors (lowa)
L arge Angle Beamsstrahlung Monitor (Wayne .)

3d S Detector for Pair Monitor (Hawaii)

Enerqy

Synchrotron Stripe Spectrometer (Oregon, UMass)
rf BPM Spectrometer (Notre Dame, UC Berkeley)

Polarization

Quartz Fiber Calorimeter; W-pair asymmetry (lowa)
Background study (Tufts)
Quartz Fiber Detector; transverse polarization (Tennessee)
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General Comments

Risksto L C luminosity and L C physics capabilities

» Any beam or detector instrumentation that cannot be commissioned until the LC is built
have very high risk factors.
=== Do beam tests early!

Beam-beam effects
» much greater than in previous machines
* backgrounds
* large disruption and deflection angles
===> Mimick some beam-beam effectsin afixed target beam test

Precision M easur ements
 Challenging requirements for luminosity, energy and polarization measurements
===) |nstrumentation requires beam tests
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Beamsstrahlung at the Linear Collider

~5 % of the beam energy
gets radiated into photons
due to beamsstrahlung

(at SLC thiswas 0.1%)
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LC-LEP Measurement Goals

L uminosity, L uminosity Spectrum

e Total cross sections: absolute oL/L to ~0.1%
» Z-pole calibration scan for Giga-Z:  relative oL/L to ~0.02%
» threshold scans (ex. top mass): relative oL/L to 1%

+L (E) spectrum: core width to <0.1% and
tail population to <1%

Enerqgy

» Top mass: 200 ppm (35 MeV)

» Higgs mass: 200 ppm (25 MeV for 120 GeV Higgs)

e \W mass. 50 ppm (4 MeV) 77

«‘Giga-Z AR 200 ppm (20 MeV) (comparable to ~0.25% polarimetry)

50 ppm (5 MeV) (for sub-0.1% polarimetry with e+ pol) ?7?

Polarization

» Standard Model asymmetries: <0.5%

o ‘Giga-Z AR < 0.25%
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| nstrumentation for Luminosity, Luminosity Spectra
and Luminosity Tuning

Luminosity
Bhabha LuM on detector from 40-120 mrad

Luminosity Spectrum

Bhabha acolinearity measurements using forward tracking
and calorimetry from 120-400 mrad
+ additional input from beam energy, energy spread and energy spectrum
measurements

Luminosity Tuning
Pair LUMon detector from 5-40 mrad

Beamstrahlung detector from 1-2 mrad (further downstream)
|P BPMs
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| nstrumentation for Energy, Energy Spread

and disrupted Energy Spectrum
Energy

BPM spectrometer (upstream of |P)
Synchrotron Stripe spectrometer (in extraction line)

Energy Spread

Synchrotron Stripe spectrometer (in extraction line)
Wire scanner at high dispersion point in extraction line chicane

BEAM OPTICAL ELEMENTS

Disrupted Energy Spectrum
(Electron ELS Shown)

Synchrotron Stripe spectrometer (in extraction line)
Wire scanner at high dispersion point in extraction line chicane

Spectrometer
Quadrupole Magnet |< 15m >|
Doublet Vertical

- y . WISRD
2 . X O — /\ Initial Stripe __ Wire
4 T Arrays

Horizontal Bends for — 27 em
Synchrotron Radiation _Jz_
Dump

Final Stripe H ‘

Proposed BPM spectrometer at NLC Synchrotron Stripe Spectrometer
at SLC
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Beam Parametersat SLAC ESA and NL C-500

Parameter SLAC ESA NL C-500
Charge/Train 5x 101 14.4 x 101
Repetition Rate 10-30 Hz 120 Hz
Energy 25 GeV 250 GeV
e Polarization 85% 80%
Train Length 270ns 267ns
Microbunch spacing 0.3ns 1.4ns
Energy Spread 0.15% 0.3%
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Beam Parametersat SLAC ESA and TESL A-500

Parameter SLAC ESA TESLA-500
Repetition Rate 10-30 Hz 5Hz
Energy 25 GeV 250 GeV

e Polarization 85% 80%
Train Length 340 ns 1ms
Microbunch spacing 340 ns 337ns
Bunches per train 2 2820
Bunch Charge 2.0 x 1010 2.0 x 1010
Energy Spread 0.15% 0.1%
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Can provide clean beams

. _ o
(little halo or beam tails) Can provide beamswith tails!

I Can provide “banana” beamsin energy
| by pulse shaping sour ce laser intensity
.» Envelope,of 100 pulses
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Beam Diagnosticsfor SLAC E-158
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END STATION A -
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END STATION A (zooming in)

Ideas for LC Bl Tests: 4-dipole chicane w/ undulator stripe magnet;
quad doublet to image target onto stripe detector plane
include “energy bpms” into chicane design?

{ NN

I i
S L] o 2
i I /
% Station / Collimator Undulator
\

10 meter s downstream of undulator

/. ----------------------- Synchrotron stripe detector _—"

5-meter region to mockup LC
forward detector region

w/ 1P BPMs, apertures, masks Concrete Bunker; shielding blocks shown are EX1A (9'x9’)
pair detectors?
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M ockup forward region within 5 metersof | P, for
masking, apertures, | P BPM s (NLC Silicon Detector shown)
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SR Stripe Beam Tests:

SR stripe
at 8 mrad Detector
01 02 B1 B2 B3 \ l
| [yl Il |_ —| [ |_ ] —l—
] I I HH L I ] T
Wigal
g 2’ -diameter
beampipe
All magnets are existing, from SPEAR
M agnet Type B-Field Vertical Horizontal Length
max Gap Gap
QL, Q2 4.0 4.0 38"
B1, B3 10D45 9.85kG 2.5" 10" 44"
B2 10D90 9.85kG 2.5" 10" 89.5”
Wiggler 5 poles, 2 17 kG 10.5” 1.75" 47"
half-poles
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Beam Testsfor Synchrotron Detectors
(for energy spectrometer, possibly for beamstrahlung detector)

| mprove instrumentation for existing SLM in A-Line

Commission new synchrotron stripe detectorsin ESA

* Mirrors and ccds for visible SR
e Quartz fibers w/ multi-anode PMT readout for ~MeV SR o
* test capability for resolving beam energy spread and hard edgeat E=E -

eam

10t

NLC-500 (w/ energy spread)
ESA-25GeV (w/o energy spread,
10| w/ 10% XO target)

1 1 1 1 ]
0.8 0.85 0.9 0.95 1 1.05
E/Ebeam
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First Beam Tests

1. IP BPMs (necessary for fast inter-train and intra-train feedbacks)
- Sensitivity to backgrounds, rf pickup
- Mimic LC geometry, including fast signal processing (but no feedback)
- Sample drive signal to kickers

2. Energy BPMs
- Mechanical and electrical stability at 100-nm level
- BPM triplet at z=0, 2.5 and 5.0 meter spacing. BPMs 1 and 3 define
straight line. Monitor BPM2 offset over time scales of minutes, hours
- 2 adjacent BPMs to test electrical stability, separate from mechanical

3. Synchrotron stripe diagnostics

- measure energy spread and the disrupted (brem) spectrum
- characterize detector performance and capabilities

4. Pair detectors
- mimic pair background with fixed target?
- mimic pair background with diffuse primary beam of 4-GeV electrons
- characterize detector response to pair background
- use MonteCarlo to superimpose 250 GeV €electron to determine electron id
efficiency
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LN

Developing the Proposals

| dentify first usersfor the Beam Test Facility
Users develop full technical description of beam tests
Use beam test descriptionsto deter mine beamline configuration
Formulate Run Plan for first beam tests

Beam requirements

e Timerequired

e  Common DAQ?
Prepare SLAC Impact Report

Budget

Resources provided by SLAC

*  Resources provided by users
First beam tests possible in June 2005

But,
» need well developed beam test proposals
» beam tests must be meaningful and cost-effective

LCWS 2004 LC-LEP Beam Tests
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Conclusions and Qutlook

Thelong pulse polarized beam to End Station A reflects many of the beam
characteristicsfor the NLC and TESL A beams at a 500-GeV collider.

L C-LEP beam testscan be carried out at SLAC’s ESA to demonstratethe
stringent requirementsfor the detectors and techniquesto be employed at the
Linear Collider. Thereismuch work to do to carefully design meaningful and
cost-effective beam tests. We can beready for first beam testsin FY05.

The L Ol received a very favorableresponse from the SLAC EPAC at its
November meeting. We plan to submit beam test proposalsto SLAC asthey
become available. SL AC will decide how to group thetests and schedule them.
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