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1.0 Introduction 
For the case of extremely small and short beam pulses, the power density of the beam becomes the 
dominant design consideration over average power. Knowledge of the transverse and temporal 
characteristics of the beam is paramount for the calculation of per-bunch temperature rise, thermal 
conduction, and thermal stress. This document describes the anticipated relevant beam parameters 
in the LCLS electron beam dump region for various beam power absorbing devices in that region. 
Anticipated Beam Parameters 

2.1 Beam Current 
The following beam current characteristics are relevant for all beam power absorbing devices in the 
LCLS machine: 

1) The maximum power to be delivered is 5 kW. This is enforced by the Beam Containment 
System (BCS) with three Average Current Monitors in the BSY. 

2) The maximum charge/bunch delivered will be no greater than 1 nC. This is a performance 
limitation of the LCLS gun. 

3) The maximum charge/pulse delivered will be 3 nC; three pulses per bunch. The average 
current of the LCLS beam will be limited by the Beam Containment System. 

4) Bunches will be separated by 350 ps in time (one S-band bucket); beam pulses will be 
separated by 8.3 ms (time between machine pulses at 120 Hz repetition rate). 

 
At 17.0 GeV, 1 nC/pulse at 120 Hz results in a 2040 kW beam. In order to achieve a 5-kW beam at 
13.6 GeV (or higher) we should assume the number of bunches per beam pulse has increased to 3, 
with 1 nC in each bunch (see Figure 1). At 13.6 GeV, 3 nC/pulse at 120 Hz results in a 5 kW beam. 
Therefore, the 5-kW maximum power only applies at the high-end of the energy range (anywhere 
from 13.6 to 17 GeV).  
 
At lower beam energies (4 to <13.6 GeV) we should simply assume the maximum beam power 
drops with energy (i.e., still no more than 3 bunches/pulse with 1 nC/bunch). Do NOT assume the 
number of bunches or bunch charge increases (e.g., to 11 nC!) at 4 GeV in order to maintain the 5-
kW level. 
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Figure 1: Illustration of Beam Pulse and Bunch Timing 
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2.2 Beam Size on the Main Dump 
The dump must be capable of absorbing the full 5 kW beam with the following parameters 
indefinitely and with high reliability. The anticipated beam size parameters at the dump face (Z' = 
715.774 m in LCLS coordinates). 
 

Horizontal: σx 120 µm RMS 
Vertical: σy 20 µm RMS 
Longitudinal: σz 20 µm RMS 

 
These are the design numbers WITHOUT a beam spoiler in front of the dump.  The longitudinal 
dimension is for a single bunch (not pulse – see Figure 1). It is likely the real numbers will be 
somewhat larger and improbable, but not impossible that they will be slightly smaller. 
 
These are RMS numbers, so the full width at half-maximum is about 2.35-times bigger (assuming 
Gaussian distributions). 
 

2.3 Beam Size on the FEE Stoppers 
The FEE Stoppers must be capable of absorbing beams with the following parameters indefinitely 
and with high reliability. The anticipated beam size parameters at the stopper face (Z' = 696.0 m or 
greater in LCLS coordinates; exact stopper location is to be determined; electron beam is divergent 
in this region and will only grow transversely as stopper location is shifted downstream). 
 

Horizontal: σx 40 µm RMS 
Vertical: σy 40 µm RMS 
Longitudinal: σz 20 µm RMS 

 
These numbers are presently estimates, as the LCLS electron beam model does not include the X-
Ray beamline.  It is assumed that this is a conservative estimate; future calculations must confirm 
beam sizes larger than those stated above or else the stopper designs must be re-verified. The 
longitudinal dimension is for a single bunch (not pulse – see Figure 1).  
 
FEE Stopper1 and Stopper 2 must be capable of absorbing the full 5 kW electron beam and 
incident coherent and spontaneous X-Rays indefinitely and with high reliability. FEE Stopper 3 
must be capable of absorbing at least 100 W of electron beam and incident coherent and 
spontaneous X-Rays indefinitely and with high reliability. 
 


