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Post Mortem during Beam Operation

P. Duval*), M. Lomperski*), K. H. Mess

*) DESY
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Post Mortem during Beam Operation

Oxymoron:

The machine is not dead during operation with beam!

Maybe:

The use of the “Post Mortem System” as an 

Event Driven Transient Recorder
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“Post Mortem”

The first time I heard this expression was during the 
preparation of the HERA Proposal *)
At that time (~24 years ago), memory chips were expensive, 
hence only very relevant systems were considered.
As time passed and chips got cheaper, the “post mortem” at 
HERA developed to a “General Transient Recording System”
Quoting M. Lomperski**):
It is absolutely UNTHINKABLE that HERA would NOT have 
such a system - and not just as a "Software" system but that 
the hardware is able to deliver the goods (one of the biggest 
"holes" in the HERA concept is that the hardware for the 
electrons does NOT have the fast time scale data 
storage/retrieval as the protons do... And there are a few holes
in the proton-hardware, too...).

*) DESY HERA 81/10, pg 220 **) priv. Communication
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Insufficient “Post Mortem” of a Collimator

Jaws made of Tungsten-Alloy (DENSIMET)

•Channels gouged out of face of jaws (few mm wide and few mm deep) 
•Channels start about 2 cm into jaw
•“Crumbs” (droplets?) stuck on all faces

“Explosive” events ? How did it happen?

M. Lomperski, Chamonix XI
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Event Driven Transient Recorder

Of course, an ideal, never failing, perfectly known machine can 
be operated without such a system.
In reality we will need:
– To iron out basic faults in the hardware
– To identify and cure basic faults in the conception
– To improve the knowledge of the machine
– To improve operation efficiency

• This implies to find the culprit in case of malfunctioning
• Everybody is invited to prove his/her innocence by 

recording all relevant data
• Event triggers (hardware and software or manual) have 

been defined (and armed).
• Event triggers can also be “start of ramp”, “squeeze”, 

“quench”, “beam loss above…”, “RF voltage below..” etc, etc
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Requirements (hardware)

Time: As fast as practical; ms for “Quench”, faster for “Beam 
Loss”, Bunch spacing for BPM, RF… but synchronized 
Time span: sliding window of some 100 turns (BPM) up to seconds 
after a quench (to detect secondary quenches, or to measure 
the temperature and pressure)
Signal types:
– Analog values to a useful but affordable precision
– Digital values (status bits), including “Alarms”

It is in the interest of everybody to provide as good and as telling 
data about his system as he/she can think of.

Consider “Alarms” and “Data Logging” as integral part of the 
system!
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Basic Software Requirements

Repetitive pattern:
– Often many analog sensors will have virtually identical signals 

and only a few show a different behavior. To sort that out, 
we need fast “pattern recognition” *).

– Digital status words at the time of the Event Trigger should 
all but one or a few show the “Valid” pattern. The software 
must in case of an event trigger automatically compare all bit 
pattern with a sat of template, valid for the type of 
operation before the event.

– Not normal conditions must be flagged
• Not only in an event logger (alarm screen)
• Also and in particular in a tree fashion, where a whole 

branch (system) becomes red. Clicking on it one can drill 
deeper and deeper, until all details are visible. 
(Preferentially in a pictorial way)

*) see F. Rodriguez Mateos, this review
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Pitfalls

In the beginning of HERA, only the quench protection system 
was equipped like sketched above.
As eventually all serious situations resulted in a quench and as
the quench protection system dutifully reported, the messenger 
was taken for the culprit.
It must become the culture that 

– missing evidence for innocence 
is evidence for failure.
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Examples (QPS already covered by F. R. M.)
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Examples (QPS already covered by F. R. M.)
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Examples (QPS already covered by F. R. M.)
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Examples (QPS already covered by F. R. M.)

The best archive is useless unless you consequently and regularly 
try to find the reason for the fault and note it down:

Preferentially with an automatic transfer to the e-logbook



K
 H

 M
eß

A
T-

M
E

L,
 A

B
/C

O
 R

ev
ie

w
, 2

1.
9.

20
05

13

Basic Example from HERA

Dump during luminosity run
Overview of losses around ring: IPs - most in 
straight-section South, and near the Dump

(scaled from BLM Counts to lost protons, 
using efficiencies vs energy…)
Not so much help….
M. Lomperski
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Basic Example from HERA

M. Lomperski
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Basic Example from HERA

M. Lomperski
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Orbit Data

Difference Orbit: “beginning” and “end “ of buffer;  

Selected Monitor: Time-Scale of Orbit-Change

M. Lomperski
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Moving Collimator (12.Oct.98  10:08)

Cycling e-magnets (3.Sep.98 21:22)
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Orbit (electrons)
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Injection efficiency (electrons)

P. Duval
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Injection efficiency (protons)

P. Duval
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RF (electrons)
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RF (protons)
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RF protons

E. Vogel, DESY-HERA-03-03
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RF protons

E. Vogel, DESY-HERA-03-03
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RF protons

E. Vogel, DESY-HERA-03-03
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RF protons

E. Vogel, DESY-HERA-03-03
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RF protons

E. Vogel, DESY-HERA-03-03
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RF protons

E. Vogel, DESY-HERA-03-03
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Movie
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Summary

Hardware must provide the storage and readout possibility
Event trigger must be configurable
Synchronization is a must
Storage must be available
Software must 
– Be able to configure (arm/disarm) event trigger
– Be able to plot various signals against time
– Analyze automatically bit pattern and signals for known 

pattern
– Be able to plot x-y plots, waterfall and movies
– Be able to store comments and send plots to the logbook
– Be able to provide data in a readable format for offline 

analysis
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Final Word

A transient recording system is essential for a large and 
dangerous accelerator.
I’m convinced that AB/CO acknowledges this.
It is needed to avoid the repetition of mistakes or malfunctions.
It is useful for “online” machine studies.
It is handy for “offline” and dedicated machine studies.
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For the discussion
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BATMAN during the Ramp!

Head-Tail instability at 142 GeV

Losses visible for only 300 msec
No effect in orbit seen
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Cycling e-magnets (22.Jul.00  22:20)

Moving Main Collimator (28.Jul.98 00:24)

Losses are not always as “smooth” as one might expect...
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Stable p at 920 GeV 31.July.00

Frequency of Oscillations: 5 - 15 Hz

Experience of HERA-B scraping Coasting (unbunched) Proton 
Halo with the Wire Target: Violent rate fluctuations until the wire 
reaches the bunched part of the halo...
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Careful reading too much into the losses...

Fast losses (20 times the alarm level in 20 ms)
with QUENCH in the East Area…

An RF Trip? But how can the losses be so FAST?

(note log scale)



K
 H

 M
eß

A
T-

M
E

L,
 A

B
/C

O
 R

ev
ie

w
, 2

1.
9.

20
05

37

(1) Beam on a Dispersion orbit 
(2)  the RF tripped more than 0.5 sec 
before 
the dump of the beam…. 

And the losses were too fast for the BLM System!
Quench!!!!

From the orbit data:
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A (Nasty) Power Supply Trip: 
A Quadrupole near an IP

Heavy Losses Around the Ring 
Massive Beam-Induced Quench 
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Orbit Data: Trip of QS10 - Ost

Difference Orbit: VERTICAL

Selected Monitor: Orbit Effect seen over 15 ms
Very Fast, Very Heavy Losses... 

with Quench...
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Not all “5-ms Quenches” have a clear cause….

•Both beams lost 
•Proton losses  <  5 ms
•No effect seen in orbit
•No tripped PS found

What happened during the 5 ms?
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Transient-recorder outputs

First spike: e-beam loss (?)     [cursor Delta T: 0.2 ms]

from two “5 ms Quenches” in 1996: Analog Output of a PIN Diode on the Main 
Collimator
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Quench-alarm comes between beam transfers! 

Losses observed 60 SECONDS before the quench?
Beam-Transfer losses!!!

In the MIDDLE OF THE ARC???
A BUMP found its way into the Magnet-File

In the middle of the arc, NO BPM or LOSS MONITOR!


