
 

Eric Torrence 1/14 October 2004

 

Risks and Rewards
in Energy Spectrometry

 

October 15

 

th

 

, 2004
ILC-Americas Workshop
WG4 - Beam Delivery

Eric Torrence
University of Oregon



 

Eric Torrence 2/14 October 2004

 

Must understand this distribution
both intra- and inter-bunch

Physics Motivation:  MeV

Required Precision:  ppm
Note: Precision EW (GigaZ, ) demands < 50 ppm

Absolute beam energy measurements
are (almost) necessary but not sufficient

Need to keep in mind the broader issue
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Ultimate Goal 
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Baseline Strategy

¥Measure  with energy spectrometer(s)

¥Measure relative  spectrum with 
reference reaction ( )

¥ Cross-check with reference reaction ( )

 

But wait...

 

 vs. Vertical Offset (truncated range)

Bias sensitive to fine details of the collision process,

not reflected in relative  measurement

It is the variance of this bias that makes this difficult
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Collision Biases
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LEP-Style Upstream

SLC-Style Downstream

Redundancy key to precision measurement
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Spectrometer Overview

Eb
1
Q
---- B ld×ò»



 

Eric Torrence 5/14 October 2004

 

¥Relative measurements only
calibrated by RDP

¥3.8 mRad bend angle
needed 1 micron stability

¥Stability achieved for only
a few hours at a time

¥Did not run continuously
used as cross-check of NMRs

¥Huge effort, many problems,
very labor intensive...

Achieved 120 ppm at 100 GeV

Demonstrated 20 ppm on 

hep-ex/0410026
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LEP Spectrometer
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Ambient Fields

 

200 mGauss fields in tunnel
200 ppm effect dependent

upon machine optics
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¥Must limit energy loss (horizontal less constrained?)
¥Want absolute energy (calibrate a Z pole rarely?)
¥RF BPMs for high accuracy (<100 nm?)
¥Must limit dynamic range (BPMs on nano-movers)
¥Calibrate zero by turning off chicane

Hildreth et. al.
Notre Dame, Berkeley, UC London, Cambridge
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BPM Spectrometer Proposal
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SLC WISRD Experience

¥220 ppm (20 MeV) uncertainty estimated (alignment of detectors)
¥Z-pole scan gave  MeV correction (500 ppm)
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X-Line Spectrometer
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Can potentially learn something about collision process
from downstream energy tail. Studies ongoing.

Spectrometer Summary

Both spectrometers are difficult to realize

Full-scale demonstration highly desirable before LC turns on

Relative measurements easier
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Collision Monitor?
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Use known Z pole lineshape to 

directly extract 

Need precise and accurate angular
information for tracks down to ~100 mRad

% per event (  limit)

Evidence that angles arenÕt enough (Barklow)

Need complete effort on analysis, detector design,
detector R&D, systematic considerations, backgrounds, etc.

Difficult analysis with stringent detector requirements!
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Analysis Features

¥High efficiency possible (80%) low backgrounds 
¥Constrained kinematic fits measure  or 
¥Resolution roughly limited to  GeV

In 500 fb-1 might expect 2 MeV (WW) or 10 MeV (ZZ)

Systematics will be limiting factor, need detailed study

Personal Opinion

¥ZZ should be easier, as Z-pole can determine hadronization 
¥WW should be measured if  MeV possible

Direct measurement of lumi-weighted collision energy

WW qqln® ZZ qqll®

mW s¤ mZ s¤
GW Z¤ 2»

dmW 20<

ZZ/WW Production

s ~ 10 pb x 30% s ~ 1 pb x 9%
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Can we simply use  and  from physics reactions?

Contrived Example - Lineshape Scan

 not 

Need  spectrum including both
inter-bunch and intra-bunch variations

Some Observations

¥No idea if this is significant, real study needed 
¥Depends upon variance in  and 
¥Need to consider effects of IP feedbacks 
¥ Could also be correlated to polarization...

Fast spectrometer and luminosity monitor
could be very useful (even relative)
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Do we need spectrometers at all?
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Need Lumi spectrum vs. Energy

Available Inputs

¥Upstream RF BPM spectrometer 
¥Downstream WISRD spectrometer 
¥Reference physics reactions 
¥Other machine instrumentation inputs 

These are all difficult
Probably will need everything we can get

Redundancy and independent cross-checks important

Relative spectrometer measurements absolutely required
Loss of absolute measurements eliminates cross-checks 

Beam-beam effects may effectively do this also

Quantitative estimates depend upon variation of
beam conditions: beam energy, lumi spectrum, etc.

Looking forward to new IP simulations

Summary


