
Internal Report
DESY F31-93-01
May 1993

Professional Careers of
Physicists Trained in
High-Energy Physics

A Case Study

by

Eiaentum de* D '
Bibliothek

librory

S* 1 9. AUG. 1993

Lonn pflriod: 7 doys

J. K. Bienlein



DESY behält sich alle Rechte für den Fall der Schutzrechtserteilung und für die wirtschaftliche
Verwertung der in diesem Bericht enthaltenen Informationen vor.

DESY reserves all rights for commercial use of Information included in this report especially in
case of filing application for or grant of Patents.

"Die Verantwortung für den Inhart diesss
Internen Btrichtts liegt •unchlift&lich beim Verfamr"



Internal Report
DESV F31-93-01
May 199:1

Professional Careers
of Physicists Trained in

High-Energy Physics
- a Gase Study -

J.K. Bienlein
DESY, Hamburg. Germany

Abstract

The Crystal Ball experinient and its predecessor, the LENA experiment, have been run
a.t. t.he DORIS storage ring at DESY sinre 1978 and data evaluation lasted unt i l 1991.
During those 13 yoars ">0 stiidents had worked on the experinient and left with a PhD or
a diploma. The professioiial career of 4(> of t.bem could be followed until 1992/93. Ten of
thein aro still workiiij^ in high-energy physics ((i wi th a permanent contract) . The other 36
are working; in industry. niostly in Computing. The industry branches ränge from mediral

, coiiiiiiuuications. chemica.l i ndus t ry rtc. to media and public information.
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l Introduction

A diseussion is going on about the importance and necessity of basic resea.rch. Hv Uns nute
wc liope to contribute by presenting t he resul t s of a case study. The proi'essiuiial careers of öü
physicists who got trained in high-energy physics are followed.

We presently experience a change in national and world economics. It is ohararterized by
increasod productivity, sa.turat.ion of rnarkets in indnstr ia l ized count.ries. and, coriseqnently, un-
employment followed by budgel def ie i t s . Research inoney becornes rare. In this S i t u a t i o n the

qnestion about t ho importa.nce of basic research in our society has heon raised.

High-energy physics is a typical exaniple ot a f ie ld of basic research. Ils Organisation is char-
acterized by international collaborations forined around a few laboratories (vvorldwide aboul
a dozen). They are big insti tutions. and therefore they are very visible. The mal n result of
this research has been the discovery of quarks. a new and deeper layer of matter. Also the
laws governing their behaviour have been deciphered. The instruinents nsed by experinient al
high-energy physics are: particle a.ccelerators. particle detectors (combined int.o large. romplex
detectors) and conij)iiters (onl ine for data. taking and experimeril control, offl ine for da.ta ana-
lysis and Monte Carlo modelling).

Research in high-energy physics has not yet resulted in applications to everyday l i f e l i k e
e.g. electricity (basic resea.rch of the 19th Century) or microchips (basic research in solid staie
physics startmg in the 20-ies ot our Century) or magnetic-resonance imaging for medicine (ba -
sic research in nuclear physics of the 30-ies a.nd tlie 4ö-ies). Nobody dares to predict direct
applications of the results of high-energy physics.

None the less this field of basic research has already left its footprints in our society. Iligh-
energy physicists especially inention the following results of their work:

1. Basic research is a cultural value. human knowledge is extended and deepened.

2. Often the relat ions of a. field of science to other fields are given äs an indica.tion of its
importarice w i t h i n our scientiiic culture. High-energy physics is a c i i i l d of nuclear physics
and was born in 1947, the year of the discovery of the 7r-meson. Now it reacts back by
allowing a deeper understanding of nuclear forces and of the behaviour of nuclear matter
under extreme conditions like those at the beginning of the universe. This indicat.es
alreadv the second, presently very important U n k : to astrophysics and cosmology.

3. Research in high-energy physics is done in international collaborations. This allows people
fron i countries all over the vvorid to meet each other and to work together. 1t promot.es
mutual understanding and contributes to a peaceful world. In this context it should l>e
mentioned that seientific collaboration with the USA and wi th in the European communit>"
ha.s hejped Gerrnan scientists considera.bly to come back l.o the international scene in the
postwar years. Also the scientific collaboration between Lastern and Western count.nes
has boen a forcrunner for the developments since 1989/90.

-1. International collaborations in high-energy physics are possible because it is basic re-
search. No immediate use is expected. All discussions can be open without fear of losing
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e.g. p a t e n t nghls .

5. High-cncrgy physics. and basic rescarch in general. are cxcellent t r a i n i n g grounds lor
yoiing pcoplc. Thcy arc attracted In' thc decp questions askcd in basic research w h i c h
arc a.Hackcd w i t h forcfront techniques, bo th , experimenta.lly and theorc t i ra l ly . S ludcn t s
traincd in Uns Ücld lca.ni also about. the values outlincd above. ll is this aspccL. thc
t.raining of young physicists. which is deall w i t h in this paper.

Al thongh high-cnergy physicists stress thc importanc.e of ihc cnltural values of l lic f i c l d
sonic applications ha.vc alrea.dy come out. They conccrn the usc of experiinental techniques f ü r
applied sciences. I wanl to incntion just three exainples:

1. Accclcrators arc cxtensivcly nsed äs hghl sources for Synchrotron radiation which in t u r n
is ncrdcd for research ranging froni atomic over uiolccular and solid s l a t e physics t o
biopiiysics and incdicine. Actually, niost accelerators worldwide serve äs Synchrotron hgh t
sources (about 60 conipared to a dozen for high-cnergy physics). Accclcrator physics has
also sliinulated various technologics, c.g. clystrons and welding. to mcntion just onc near
and one ia.r lying dcvelopment.

2. Physics has always providcd ineasuring tcchniques for other fields of science, incUul ing
medicinc. And so docs experimental high-cnergy physics. It has been pionccring thc
usc of Computers for data-taking which is uow Standard tcchniques. Largc-arca ])articlc
detectors niay find vcry useful applications for PET (= positron cmission tornography)
in medical research.

-i. Iligh-energy physcis has also pioneered the Simulation of cxperiments by Monte Carlo
techniques. Again, this is now conimon practice, including medicinc.

VVe w i l l see later t ha t thcsc applications oi high-encrgy physics needcd pcople traincd m
Ihis held of science.

2 The sample for this case study

Tlic D O R I S electronqx>s]tron sl ora.gc ring a t f)l '^S\ had been npgraded to reach t Ix1 encrgics lor
thc T(IS ' ) and t l ic T(2.s') resonanccs in 19TS. In 1978 thc DRSV Hamburg Heidelberg M P I -
( M i i n c h e n ) Collaboration ( D - H H - H D - M P 1 ) look dala on thc T- resonances using thc 1)K.S^'-
Hcidclb(M-g delector which had been buil t and operatcd for cxperiments a.l DORIS in the chann
region. Thc LENA Collaboration upgraded the detect.or and ran from 1979 to 1980. data
evaluation lasted until 1982.

In 1981 discussions had started between DESV and the LENA Collaboration on one side
and SLAC and the Crystal Ball (.'ollaboration on the other. 1t was dccidcd to movc the
C'rystal Ball delector which had been operaled very succesfullv al llic SPEAK storagc ring at
SLAC/Stanford l :niversity to DORIS. This was done in 1982 and lest runs could slarl cvcn
m thal ycar. Thc expenment collect.ed data u n t i l the cnd of 1986. Data eva lna t ion cnded in
spring 1991.

Thc work done by thc collaborations al D O R I S belween 1978 and 1991 is listed in [ 1 ] .
Table l sliows the numl)er of people associated with the Crystal Ball Collabora.lion. I t s

i n s l i l u t i o n s arc brokcn u p into thrce ( in ipor tanl ) regions of origin bccause i l wil l t u r n onl l hat
thc answer to onc imy>orta.nt question (How ma.ny physicists trained in high-cnergy physics
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stay in this field?) strongly depends on the region. Aithough a more detailed s])Iit-up iniglit be
interesting it. cannot be done because of small nuinbers . The nuniber of people is fürt her broken
up according to t.heir professional experience into PhD and diploina students (those wlio lefi
t.he collaboration wil.h this degree). These t\vo categories interest us in this rase stndy.

For completeness we give in Table l also l he nuinbers of diploma student.s who stayed in
the collaboration for a PhD (they are included in t he nuniber of PhD s iuden t s and should
not be used for thc tot.als) and the mimbers for physicists witli fixed-tcnn contracts (no ta -
tion: R A ' s ) . i.e. Kcsearch Associates, Assistent Professors and Wissenschaftliche Assistenten
or Wissenschaftliche Mitarbeiter. In the next. category ("professors") are physicists w i t h per-
nianent contracts (Füll Professors, Senior Physicists and Staff Physicists) . Under "others" are
noted people who stayed onlv for short periods in the expcriment. It has to be mentioned t hat
practicaliy nobody reinained for the whole period of the experiment (except. for the professor
category). Also the inst i tut ions liad dif fer ing lenghts of involvement. So the def in i t ions for
"RA's" a.ncl "others" are somewliat arbitrary. 13ut it lias to be stressed that the numbers for
st.udents working for a PhD or a diploma are well-defined.

Table 1: Crystal Ball Personnel

ins t i t u t i ons

PiiD s tndents
diploma students
who left after diploma

diploma. students
who staved for a PhD

RA's
professors
others

total

Germ an
4

1-1
11

7

?
o
8
13

other European

3

6
3

1

1
10
5

25

USA
5

6

-

19
11
7
13

other

1

-

-

1

1

total

13

•26

11

8

2ö
27
20
1 1 2

Explanations: The nuinbers öl PhD and of diploina students (who left left. the collabora-
tion w i t h this degree) are given. For completeness the nuinbers of diploma stndents who
stayed in the collabora.tion for a PhD, for physicists with fixed-term contracts ( " R A ' s " )
a.nd for physicists wi th permanent contracts ("professors") are given. Physicists who
stayed onlv for a short time in the collaboration are grouped under "others". People who
changed the I n s t i t u t i o n w i t h i n the collaboration are mentioned in the category to which
t l i ey belonged for the longest period.

Table 2 gives the nuniber of people who had been working on the L K X A expcriment. In-
cluded are also the people from the LENA precursor experiment, the D - H U - H D - M P I Col labo-
ration. more precisely from those ins t i tu t ions which had trained students (tliey also slayed m
the LENA Collaboration). The general remarks m ade above apply also here.

Finally, Tables 3 and 4 give the suinrnaries for the.se two colla.borations in the time periud
between 1978 and 1991. In Table 3 the nuinbers are spl i t -up for the regions, in Table 4 for thc
time span.

Looking at the numbers one difference is seen inimediately: Espe.ciaüy German grou]>s
w^ork essent.ially with ( P h D ancl diploma) students and less with researcli associates äs do thc



Table 2: LENA Personnel

ins l . i tn t ions

PhD students

diploina students
who left after diploma

diploina students
who stayed for a PhD
RA's
proiessors

others
total

Germ an

4

2

8

1

5
1
2

•21

other Enropean
2

1
1

-

-
3
2

7

l 'SA k Israel

2
•>

-

-

3
5
4
14

othor
2

.
-

-

1
2
-
3

to ta l

10

5

9

1

9
14
S

45

Explanations; See under Table 1. Some diploma. students of the LKNA experiment gained
a PhD with the C'rystal Ball experiment. Included here are the physicists from those
ins t i t u t . i ons of the D-111I-11D MPI experiment which had t.rained students.

I 'S nniversities. I.e.. Gennan universities are essentially oriented towards ednration and less

towards research.

Table 3: Crystal Ball and LENA Personnel

n i s t i t v i t lons

PhD students

diploma student. s

who left after diploma

diploma stndent.s
who staycd for a. PhD

RA's

proiessors

oÜiers

total

Gennan
4

16
16

12

6
5
12
55

other Kuropean
4

7
3

1

2
12
8

32

USA k Israel
6

8
-

-

20
14
11
53

other
2

-

-

-
2
1
3

total
I G

nn~
19

13

28
33
32
143

Explanations: The nuinbers of PhD and of diploma students who got trained in
the Crystal Hall and LENA experiments. Institutions and physicists. respectively.
who continued the work in the following experiment are counted only once. Physi-
cists and institut.ions from the D HH HD-MP1 collaboration are not. rounted i f
the I n s t i t u t i o n did not train students. In comparing the nuinbers of people from
different regions one h äs to knovv tliat many countries, and notably the l 'SA.
don't have an etpiivalent to the diploma äs it exists e.g. in Cjerinany.



Tablr 1: Summary

time span
institntions

PhD studrnts
diplonia st udeuts
\vho left afler diploma

diplonia s ludents
who staved for a PhD
RA's
Professors
others
total

D - H H - H D - M P 1
1978 79

4

.3

-

8

2
•20

LENA
1979 82

10
0

9

1

9

Vo
45

Crystal Ball
1982-91

13

26
14

8

25
27
20
112

total
1978-91

18

31
19

13

31
38
33
152

Explanat ions: Split -up. according to thc tinie spari. of the numbers of PhD and of
diplonia students who got trained in the Crystal Ball and LENA experiments. All
physicists in the Üiree snccessive collaborations are courited. Hut for the "total"
double ooimting is avoided. So the "total" column 1s not necessarily equal to the
sums of the physicists in the t.hree colla.borations.

As a resnlt \ve can s t a t r tha t thoso experiments h ad been the t ra i r i ing field for

31 PhD students and
19 diplonia students (who Icft w i t h t h i s degree).

in total 50 students.

The professional career of I G out of t hose 50 s lndents can be followed up 1o the year 1992/93.
They st.ay in eontac! w i t h sonir of their pcer students and from t in ie to t in ie one of Üiem shows
u j ) at DKSY to talk to one of the Former thesis advisers and he brings news from three or four
others. In this way the infonnat ion is collected in an informal way. Also requesl.s lor letl.ers öl
reconmiendaUon provide in fonna t ion .

llie degrees were earned by the students in the years betwcen 1980 and 1991. This ineans
that the young physicists now are in very different stages of llieir Professional careers.

3 The Professional careers

3.1 How niany obtained additional qualification
in high-energy physics ?

Il is iulercsting to find out that 18 out of the 31 PhD's worked st i l l for soine l ime in high-energy
physies laboratories. Hy ta lk ing to them and by observing one finds that they are looking for
additional qnalification. For inost of them this was in conriection with Computing. Hut soine
who h ad worked for their thesis on "Standard HEP analysis" wcre explicitel_y looking for a Job
'm hardware to learn moro on e.g. fast, electroriics. Also meritioned äs a re.ason was prohciency
in anolher language.



As a resull one can state tlia.1 post-doc training in HEP seems t.o be i inportanl für young
Phl) s vvho wa.nt lo work in indus t ry later 011.

3.2 How many obtained additional qualification in other fields ?

Oul of tlie 19 sludents who left the collaboration after the diploma 8 earned a PhD on anot.her
experiment or in anoUier field. The split-up is:

'2 in HEP because Crystal Ball ended after diploma.
l in l iEP at another expenment/university.
l with Synchrotron radiation,
l with biophysics,
3 in materials science.

Wo h ad 19 diploma stndents and 20 PhD's from conntries which gra.nt a diploma. Out of
t hose 39 f ina l ly 28 workod uj) to a PhD. This is more t.han avoragr. We ran a t t r ihu to this t o
t.he fact thal H K P all rar t. s active stndents.

3.3 How niany stayed in high-energy physics ?

Out of l he 00 young physicists 10 still stay in high-energy physics. All of those 10 hold a PhD.
i.e. 10 out of 31 PhD's rernain in the fic-ld. But at this moment only 6 of the 10 liave an
unl imite<l contract, the other fön r are s t i l l in their HA period. Lei's gness tha.t S may end up
working permanently in high-energy physics.

This picture changes vvhen wc study the break-up iuto different countries. Table 5 shovvs
the deta.ils.

Table 5: Physicists still in high-energy physics

all students considered
st i l l in I IEP
working now in t l ie region

Germany
32

1

Europc
10
5
•1

TSA (v- Israol
8
1
3

Explanation: Many ofthose \vho sta.yed in HKP have cha.nged l he region in which
they work. Lines l and 2 refer to the n^ion if origin, l ine 3 to the region of the
proseiit Professional activity. Moves have beeil from ("Jormany and Irom Enro]>e
to t l i e I S A . also from Genna.ny to Enrope and vice versa.

One sees t hat the ]>ercentage oi those who stay in HEP strongly depends on the country öl
origin. It is practice in some European countries tha t those who work on a PhD can conUnue
t o work in IIEP.

From the Germ an sludents about 10% stay. Considcring tha.t t.he t ime for a diploma work
is one year. for a PhD Uiesis three years. that about half of thc students work for a PhD thes i s
in HEP. one gets an average t ime of 2^ to 3 years which is needed to train a student in HEP.
The span of professional life is aboul 30 years (on average from the age of 30 to 60 years). With
10% oi l he people s lay ing in the Held after 3 years of tra.ining (on average) for M professional
life of 30 years. the field of HEP cont.inues in (lerrnany with constant personnel.



Table 5 also shows that l he I SA is a rountry of immigraiion for physicists f h u t not.e the
very small numbers in t h i s case sl .udy) .

3.4 In which hidustry branches do they work ?

In this rase stndy \ve ha.ve a sample of 36 people trained in higb-onergy physies and now work-
ing in mdustry. The industry branches are very widesprea.d. The list contains:

chemical arid pharniaceutical industry,
Communications.
( 'omi)iiting and networks,
trafhc Systems,
medical industry.
physics Ins t rumenta t ion .
electronic cornporients,
fusion research,
nuclear physics.
patent engineer,
insurance Company.
] ) i i b l i c relations and media.
saies.

It. should be mentioned t h a t some conipanies have explicitely looked for somebody I r a i n e d
in liigh-energy physics to work for them.

3.5 What are their Job assigiiments ?

Whi le the industry branches vary widely the Job assignmonts are pra.ctically all on C o m p u t i n g
and its a.pplica.tions. Many of t hörn got extensive additional t r a i n i n g by f h e i r companies. T l i i s
inc ludes in several cases work in i'oreign countries. For those who are already several years in
t hei l ' Company (up to teil years in this case s tudy) one can observe changes öl job assigmneii ts
towards more responsibility. Changes of companies are rare. If it happens people stay in i h e i r
speciahzation.

4 Comments

A fevv comments on the feeling of our former students when they look back to their t i rne in
high-energy physics resoa.rch should be ma.de. They result from discussions with them. wi thout
aimmg at a systema.tic inquiry.

They appreciate our vvorking s ty le a.nd hovv coo|)eration and divis ion of tasks in a collnbo-
ration is handlet!. Only knowicdge and achievemeiits count. (.'outrary lo this they observe in
indust ry a stronger hierarchial system.

The major complamt agamst university style research is that one does not learu eflicient
working. As a. typica] examj^le it is stated that riearly all the secretaria! work has to be done by
physicists. st.arting with al! typing from letters to scicntific texts. contacts with administration
and t ravel ])repara.tion. Also a l l work for the frequent changes of offices and laboratories has to
be done by the physicists. The resulting u r i ab i l i t y to work with supporting sta.ff is given äs one



of the reasons why people who stayed too long in university research have difficulties to adapt
in industry which pays much attention to efficient work of the personnel.

There is one point where high-energy physics has to be extremely careful. We have seen
that practically all our students have ended up in Computing and its applications. If it would
turn out some day that high-energy physics is uo longer at the forefront in Computing this
might be detrimental for yourig physicists trained in high-energy physics.

What do the students know about the prospects to find a Job? All students have always
sent out several dozens of applications. During the time span when the students of this case
study had been looking for a Job in industry (1980-1991) all of them got several offers and
they could choose. By now it is generally known that industry is extremely reluctant to hire
people older than 35 years. This seriously limits the time during which somebody can still
stay in university research after a PhD. If a person decides to continue, he/she wants to gain
additional qualifications, be it in Computing fe.g. Systems) or in hardware. As we have seen
the possibility to work äs a research associate plays an important role.

What do the students know about the working style in industry? Though quite a few of
them had jobbed in industry they are generally not aware of the duties of a physicist in industry.
The most common Statement is "it is not so much different from university".

I would like to end with a few personal remarks on my observations. Firstly one has to state
that the physics students who corne to the point to work for a diploma or a PhD thesis are in a
large majority well trained and highly motivated, One finds real creativity. Since several years
I sincerely hope that industry recognizes which intellectual potential is available to them now.

It should be mentioned that those physics students who had a professional training before
getting the high-school degree and starting university (the "second way of education'' in Ger-
many) form a group by themselves. Besides the fact that their motivation can be seen easily it
is their efficient working style which characterizes them.

I want to finish with a self-criticism of my work over the last 30 years. As it should be
in front research we had used several tirnes new ideas and methods. We did not follow these
topics, but went on to the next high-energy physics problem. Later on we learned that people
from other fields have developed the same ideas to new tools in physics. Maybe not all, but
some of us should have devoted more time to look for applications of high-energy physics.
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