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A Look inthe .
Antimatter Mirror

The Collector, Espen Gaarder Haug*

Abstract
Take a look at yourself in the mirror. You will
hopefully see a reasonably symmetric image of
the real you, though your left and right sides
have reversed. In this article I will explore an
amazing antimatter-mirror that I recently tum-
bled over in the files of quantitative finance.

Garbage in, garbage out?

One day when the market was very quiet, I got
bored. As an option trader (and formula collector)
what else could I do but play around with my Black-
Scholes-Merton calculator (a computer implemen-
tation of the famous Black and Scholes
(1973)/Merton (1973) Nobel prize formula'? Just for
fun, I wondered what would happen if I dared to
input negative volatility in the formula. My state-of-
the-art selfmade options system returned a nega-
tive number; at least I didn’t get a “catastrophic
error: restart immediately” message. Options can-
not take negative values, so I guess garbage in,
garbage out.

But wait, could there be something to it? By
playing around with it a bit more I found, quite
interestingly, that inputting negative volatility
for a call option, then multiplying the result by
negative one actually gave me the value of a put,
and vice versa. Some time ago I had listened to

Nobel prize winner Richard Feynman lecture on
“Einstein’s Relativity, Symmetry, and Space-
Time”, see Feynman (1997). The talk on symme-
try, matter and antimatter had been particularly
fascinating. Had I just looked into a financial
parallel to matter and antimatter? Before we
move on, allow me to shortly introduce you to
the history behind the discovery of antimatter.

Does antimatter matter?

In 1889, the physicist Arthur Schuster wrote a
letter to the journal “Nature”, essentially stating
the question “If there is negative electricity, then
why not negative gold as yellow as our own?” For
thirty years, Schuster’s letter gathered dust. In
1929 the English physicist Paul®> Dirac wrote
down a equation predicting the existence of
antiparticles, underlining the duality idea of
Arthur Schuster. Soon scientists set out on an
adventure in search of antiparticles. In 1932 Carl
Anderson discovered the antielectron (known as
a positron). By 1956 the existence of antiparticles
was well established. Today physicists speak of
protons and antiprotons, neutrino and antineu-
trino, quarks and antiquarks . . . you name it, it
has its opposite. As predicted by Dirac, it seems
that every particle has an antiparticle with
exactly the same mass but opposite charge. The

world of antimatter can best be described as a
mirror image of our own world, see Fraser
(2000). If a particle and its antiparticle meet,
they annihilate each other and liberate their
entire mass in the form of energy. Annihilation
is the only phenomenon that is fully efficient in
converting mass to energy in accordance with
Einstein’s law, £ = mc?. When a nuclear bomb
explodes, for instance, only a fraction of 1 per-
cent of the atomic mass is converted into energy.
When matter and antimatter collide, 100 per-
cent of the mass disappears (turns into energy),
see Lederman (1993) page 210.

Leading physicists claim that antimatter can
be very useful in the future, for such endeavors as
generating super clean, super efficient energy.

Let’s fantasize for a while about how such an
antimatter world appear in mathematical
finance. If Schuster could suggest negative gold,
then why not negative stock prices and strike
prices? In such an antimatter world, the volatili-
ty would probably also be negative. And then to
have a complete theory, there would have to be a
connection between options in our world and in
the antimatter mirror world.

Back to the trading floor

While playing with negative volatility in my

Black-Scholes implementation I got very excited
. anew rule of the universe?* Almost immedi-

ately I contacted the Wizard of option symme-

tries and magic tricks, Dr. Peter Carr*, currently

at NYU. Almost immediately he replied that this

“Thanks to Alexander (Sasha) Adamchuk, Peter Carr, Erik Stettler and Gordon Fraser for many useful comments on this paper. The antimatter Collector is naturally responsible for any remaining errors.
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finding was very interesting, and closely related
to a recent working paper by Peskir and Shiryaev
(2000). Using sophisticated mathematics Peskir
and Shiryaev (2000) demonstrates what they
named put-call duality:

S X T rbo)=p=S -XTrb —o)

where cis the Black-Scholes-Merton call option for-
mula, pis a put, Sis the asset price, X is the strike
price, T'is time to maturity, 7is the risk-free rate, is
the cost of carry for the underlying security, and o
is the volatility of the asset. It was actually the
genius Alexander (Sasha) Adamchuk from the
University of Chicago who first introduced
Shiryaev and some other people to the symmetry
just mentioned, what he had coined supersymme-
try (at the conference on Quantitative Risk
Management in Finance, July 31 — August 5, 2000,
Carnegie Mellon University, Pittsburgh®). Without
even thinking about it, I had just used my option
calculator to combine the Adamchuk/Peskir-
Shirayev antimatter-duality/supersymmetry with
a simple state-space transformation:

kxc(S, X, T,r,b,0)=clkx S, kx X, T,7,b,0)

where kis a constant. This leads to the interesting
antimatter-option-mirror that I had just been
looking into (this is what Sasha had coined super-
symmetry)

S X T rbo)y=—pSXTrb —o)
and naturally

pSXTrbo)=—aSX T b —o)

But why is it not perfectly symmetrical? A call
does not equal an antimatter-call, and a put does
not equal an antimatter-put. Interestingly this is
also what we see in the matter and antimatter
world, in Feynman’s own words®:

“If we made a left-hand clock, but made it out of
the other kind of matter, antimatter instead of
matter, it would run in the same way (as a right
hand matter clock). So what has happened is
instead of having two independent rules in our list
of symmetries, two of these rules goes together

WILMOTT magazine

“If we made a left-hand clock, but made it
out of the other kind of matter, antimatter
instead of matter, it would run in the same
way (as a right hand matter clock). So what
has happened is instead of having two
independent rules in our list of symmetries,
two of these rules goes together and make
a new rule, which says that to theright is
symmetrical with antimatter to the left.

A matter-call (right-handed derivative
instrument) is symmetrical with an anti-
matter-put (left-handed derivative instru-

ment), and vice versa.

and make a new rule, which says that to the right
is symmetrical with antimatter to the left. “

In the option world we get the similar rule

A matter-call (right-handed derivative instrument)
is symmetrical with an antimatter-put (left-handed
derivative instrument), and vice versa.

The product really stems from the fact that
the results for both puts and calls can be obtained
if one introduces a polarity variable, for example
either +1or —1 The polarity variables enter
through the boundary conditions and are thus
present in the solution. At least this is part of the
story.

Not only does this result hold for the option
value, but naturally also for all the option Greeks:

—b—

delta, theta, rho etc. For example the delta of a
call will equal the antimatter-delta of a put.

The matter/antimatter-option rule is not only
stimulating for the imaginary brain cells, but the
result is actually very robust and simplifies cod-
ing and implementation of many derivatives
models. You need only the formula and code for a
call or for a put, as one can easily be translated
into the other using an antimatter-mirror. As Dr.
Carr the symmetry Wizard pointed out to me, the
result only holds when the pricing formulas
involve o times +/7, rather than v/o27". The result
can easily be extended to several exotic options,
like barriers and Asian options.

In the financial markets, empirical research
suggests that most assets and commodities have
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leptokurtic distributions (fat tails and peaked
top). We can use option models to describe the
distribution by using higher order moments like
skewness and kurtosis’. In our matter world the
third moment, skewness, can be estimated as

Y =% /n

Skewness = 3 (1)

o
where x; is the asset returns, ¥ is the mean of the
asset return, 7 is the number of observations, and
o is the second moment of the distribution (the
volatility). Since volatility is negative in the anti-
matter world, skewness will change sign.

The fourth moment of a distribution known
as Kurtosis (Pearson) is defined as

22;1()(1' - 92)4 /ﬂ

Kurtosis = 5 (2)

g

From this we can see that the antimatter kur-

tosis would still be positive in both the matter
and antimatter world.

Figure 1 shows two distributions generated by

a very flexible option valuation model that also

can take into account a wide specter of distribu-

tions, more precisely, the Rubinstein (1998)

extension of the Cox, Ross, and Rubinstein
(1979)/Rendleman and Bartter (1979) binomial
model. This is essentially a discrete implementa-
tion of the Black-Scholes-Merton model extended
for distributions different from log-normal using
an Edgeworth expansion (basically a discrete
implementation of the Jarrow and Rudd (1982)
formula).

The distribution to the right is generated by
using normal input parameters (the matter
world), and the probability distribution to the
left was generated on the basis of antimatter
input, that is negative stock price, negative
volatility and opposite sign skewness. The stock
price process in the antimatter-binomial tree is
negative, and the distribution is the antimatter-
mirror image of the distribution generated by
the normal input parameters. Remember one of
the rules in particle physics is that particles and
antiparticles have the exact same mass, but
opposite charges. Similarly the two distributions
have exactly the same probability mass, but dif-
ferent charges. But just as in a mirror (and as in
the matter and antimatter world.) a matter-call
equals an antimatter-put and vice versa. More

Distributions antimatter-mirror
Stock price = 100, time to maturity = 1 month, volatility 50%, risk-free-rate 10%, skewness —0.4, kurtosis 5

A4

0.

o

Probability

0.

0.08

0.06 -

0.04

0.02

z

14

—-200.0 -150.0 -100.0 -50.0

0.0

50.0 100.0 150.0 200.0

Stock price

Fig.1

40

formally, when including skewness or kurtosis
in our valuation we get the following matter
antimatter relationship

c(S X T,rbo, k&)
=—pS X T rb —0,—k &)

and naturally also

pSXTrbok&E)=—c(SX T, rb —o,—k, &)

where « is the skewness and & is the kurtosis of
the matter distribution. This result holds for
Edgeworth and Gram-Charlier® expansions of the
Black-Scholes-Merton formula, as well as for mul-
tiple discrete implementations. As we have
demonstrated, this is a very general result.

Option-antimatter Philosophy

Yes I know you already are asking: has the
Collector turned nuts? My imagination has cer-
tainly gone wild, and I am certainly approach-
ing a field where my knowledge is approaching
zero (if not negative). But before you judge me
let me offer a quote from the Master of the
Universe

“I am enough of an artist to draw freely upon my

imagination. Imagination is more important than
knowledge. Knowledge is limited.”

Albert Einstein

Imagination is certainly not only important
in astrophysics. Long Term Capital Management
also believed themselves to be the Masters of the
Universe, with multiple Nobel prize winners and
knowledge that others could only dream about,
but still their complete lack of market imagina-
tion made LTCM blow up in a Big Bang, leaving
behind only a black hole.

Please hang on because it now gets even more
interesting. I now ask whether we in an antimat-
ter world could possibly also replace positive
probabilities with negative ones®. Negative proba-
bilities would twist the probability mass around
the x axis and give negative option values (not to
be confused with shorting an option). At first this
would seem crazy, but on the other hand, this
would make our matter and antimatter options
“equivalent” to the particle world. Still we are in a
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1 am enough of an artist to draw freely
upon my imagination. Imagination is more
important than knowledge. Knowledge is

limited.”

Albert Einstein

leftright matter antimatter world, in other
words we have a lack of perfect symmetry.

Matter and antimatter are not perfectly sym-
metric as one first assumed (a left-handed neu-
trino does not equal a left-hand antineutrino
but rather a right-hand antineutrino'. It was
not long before physicists all asked themselves
(and still are asking) if there is something more
basic underneath it all. Is there a God particle!
that really is perfectly symmetrical? In the
search for perfect symmetry one physicist pro-
posed the super sting theory. Could it be that
the “shapes” of the particles one observes -
quarks, antiquarks etc. not are different parti-
cles, but rather super strings (God particles) that
vibrate with the speed of light in different
modes? Could different vibrations generates dif-
ferent particles just as different vibrations in a
guitar string generate an almost infinite num-
ber of melodies?

Butwait a minute. Don’t we have a closed par-
allel in finance: the God particle of Brownian
motion? Brownian motion leads to the bell
shaped normal distribution which is perfect
symmetric. Thus a call equals an antimatter-call
and a put equals an antimatter-put!?. From
Brownian motion we can generate almost an
infinite number of stochastic processes and dis-
tributions. Now going from mathematical
finance back to physics, could it be that the God
particles are simply super strings vibrating/spin-
ning around with Brownian motion? Then by
combining such God particles one could generate

WILMOTT magazine

almost any particle-distribution-shape that
again could explain the different particles we
observe?

Conclusion

Back to reality. When it comes to option pricing,
garbage-in (negative stock price, strike and
volatility) does not necessary lead to garbage-out,
butrather a very interesting relationship regard-
ing matter and antimatter. These results are not
only extremely fascinating but also have very use-
ful practical applications. For many option mod-
els there is essentially no need for developing and
implementing separate models for call and put
options; all one needs is a formula for a call or a
put, then by inputting the antimatter equivalent
stock price, strike price, volatility and higher
order moments we will get the value for a putand
vice versa.

More important, ifa matter and an antimatter-
option met each other they would annihilate
each other. Instead of releasing a huge amount of
energy as in the particle world, this would possi-
bly release a lot of money. But who would get all
that money . .. God himself? Or would it all sim-
ply disappear, as this probably only could happen
when a matter and antimatter universe collides
(through a black hole?), thus annihilating each
other in a Big Bang?

FOOTNOTES

1. See Haug (1997) forimplementation of this formula and
many others.

2. Not to be confused with Paul Wilmott who was not yet
born at the time.

3. Arule not even described in the two volume Bible of
quantitative finance: “Dr. Paul on Quantitative Finance”,
see Wilmott (2000).

4. Dr. Carrwas one of the first to demonstrate the use of
what is known as put-call symmetry, Carr and Bowie
(1994). He later published a whole series of papers
demonstrating the use of different symmetry principles in
finance (Carr and Chou 1997, Carr and Chou 1998, Carr,
Ellis, and Gupta 1998). Bates (1991) was the first to publish
this form of put-call symmetry. See also (Haug 1998, Haug
2001a, Haug 2001b) for several implications of reflection
and barrier symmetries.

5. Adamchuk’s most recent talk on this topic was at the
Kolmogorov Memorial Readings: “From Supernova to
Discovery of Supersymmetry in Finance. New Vistas in
Mathematical Foundations of Finance”, The University of
Chicago, April 2001: http://finmath.com/Chicago/
NAFTCORP/Kolmogorov\_Memorial\_Readings\ 2001.
html. By the way Adamchuk would not accept that | had
coined him genius, that he is a genius is possibly not true?
but how can one deny the reality, “You must be able to dis-
tinguish between what is true and what is real” Albert
Einstein. Still not convinced, take a look at http://fin-
math.com/ Chicago/NAFTCORP/Sasha.html, a picture
tells more than thousand words.

6. Listen to Feynman (1997) audio cd.

7. One of the first papers describing this idea was Jarrow
and Rudd (1982).

8. See Corrado and Su (1996) and Brown and Robinson
(2001).

9. | am not the first scientist to introduce negative probabil-
ities, see Feynman (1987). However | am probably the first
mad quasi scientist introducing this in the fields of finance.
10. In physics we are not referring to symmetry in geomet-
rical figures but rather to the symmetries of actions. Fora
good reference on symmetries in particle physics and such
deep concept as the CPT Theorem see Lee (1988).

11. Read Lederman (1993) for the story of the search for
the God particle.

12. The first to suggest using a normal distribution for
option valuation was probably Bachelier (1900).
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