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Abstract

When a cash merger is announced but not completed, there are two main sources
of uncertainty related to the target company: the probability of success and the price
conditional on the deal failing. We propose an arbitrage-free option pricing formula
that focuses on these sources of uncertainty. We test our formula in a study of all
cash mergers between 1996 and 2008 which have sufficiently liquid options traded on
the target company. The estimated success probability is a good predictor of the deal
outcome. Our option formula for cash mergers does significantly better than the Black—
Scholes formula and produces a volatility smile close to the one observed in practice. In
particular, we provide an explanation for the kink in the volatility smile and show that

the kink increases with the probability of deal success.
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1 Introduction

One of the most common violations of the Black—Scholes formula (see Black and Scholes
(1973) is the wolatility smile, which represents the tendency for the at-the-money option
to have a lower implied volatility than the other options.! In the U.S. option markets this
phenomenon was not observed before the 1987 market crash, but it appeared shortly thereafter
(see Rubinstein (1994) or Jackwerth and Rubinstein (1996)). The emergence of a volatility
smile is widely attributed to a change in traders’ perceptions of a larger market crash, or
equivalently to a change from the assumption of a log-normal distribution of equity prices to
a bi-modal distribution due to the small probability of a large market crash.

A clear case where a company’s stock price has a bi-modal distribution is when the com-
pany is the target of a merger attempt.? In a typical merger (or takeover, or acquisition, or
tender offer), a company A, the acquirer, makes an offer to a company B, the target. The offer
can be made with A’s stock, with cash, or a combination of both. The offer is usually made
at a significant premium from B’s pre-announcement stock price. Therefore, the distribution
of B’s stock price can be thought as bi-modal: if the deal is successful, the target stock price
rises to the offer price; if the deal is unsuccessful, the stock price reverts to a fallback price.?

In this paper we give an arbitrage-free formula that prices options on the target company
of a cash merger by focusing on the main uncertainties surrounding the merger: the success
probability and the fallback price. We test our formula in a study of all cash mergers during
the 1996-2008 period with sufficiently liquid options traded on the target company. We find
our model produces pricing errors 21% smaller on average than the Black—Scholes formula.
We further find that the formula produces a volatility smile that is close to the one observed
in practice.

In particular, the formula predicts a volatility smile with a kink at a strike price equal to
the merger offer price. The magnitude of the kink (i.e., the difference between the slope of the

volatility smile above and below the offer price) should be proportional to the discounted risk-

IBlack and Scholes (1973) assume a constant volatility for the underlying stock price, which implies that
the implied volatilities should be the same, irrespective of the strike price of the option.

20Other papers, including Black (1989), point out that the Black—Scholes formula is unlikely to work well
when the company is the subject of a merger attempt.

3The fallback price reflects the value of the target firm B based on fundamentals, but also based on other
potential merger offers. The fallback price therefore should not be thought as some kind of fundamental price
of company B, but simply as the price of firm B if the current deal fails.



neutral probability that the deal is successful. Empirical results indicate that this prediction
is strongly supported in the data. Our model can also explain why, as we observe in the data,
the Black—Scholes implied volatility decreases when the deal is close to being successful: a
success probability close to 1 leads to an implied volatility close to 0.

To set up the model, consider a company which is the target of a cash merger. If the deal
is successful, the target company’s shareholders receive a fixed offer price $B; per share, while
if the deal fails its price reverts to a fallback price $B,. We assume that B, has a log-normal
distribution. We also assume that the success probability of the deal changes over time, i.e.,
it follows a stochastic process. As in the martingale approach to the Black—Scholes formula,
instead of using the actual success probability we focus on the risk-neutral probability ¢.*
When the success probability ¢ and the fallback price By are uncorrelated our formula takes
a particularly simple form.

Our option formula can then be used to estimate the latent (unobserved) variables ¢ and
B from the observables, in particular the price of the target company B and the prices of
the various existing options on B. We estimate the times series of latent variables along
with the structural parameters of the model using a Markov Chain Monte Carlo (MCMC)
algorithm.> Though this algorithm is flexible enough to allow us to use any (or all) options
traded on the stock, for simplicity we choose only one option each day, e.g., the call option
with the maximum trading volume on that day. As we discuss later, this choice also allows
us to perform specification checks on our model, including out of sample pricing of options
with different strike prices.

We apply the option formula to all cash mergers during the 1996-2008 period with suffi-
ciently liquid options traded on the target company. After removing companies with illiquid
options, we obtain a final sample of 282 cash mergers. We test our model in three different

ways. First, we compare the model-implied option prices to those coming from the Black-

4In the absence of time discounting the risk-neutral probability ¢(t) would be equal to the price at t of a
digital option that offers $1 if the deal is successful and $0 otherwise.

°For a discussion of Markov Chain Monte Carlo methods in finance, see the survey article of Johannes and
Polson (2003). MCMC methods allow us to conduct inference by sampling from the joint distribution of model
parameters and unobserved state variables (in this case ¢ and Bs) given the observed data. MCMC methods for
state space models are well established in Bayesian statistics and econometrics (see, e.g., Jacquier, Johannes,
and Polson (2007)). MCMC is particularly convenient here because some parameters enter the model non-
linearly, meaning standard techniques for latent variable models, such as the Kalman filter, would need to be
modified. We emphasize that this choice is based on convenience and that many other estimation approaches
(frequentist and Bayesian) are possible.



Scholes formula, and we investigate the volatility smile. Since our estimation method uses
one option each day, we check whether the prices of the other options on that day—for differ-
ent strike prices—line up according to our formula. Second, we explore whether the success
probabilities uncovered by our approach predict the actual deal outcomes we observe in the
data. Finally, we explore the implications of our model for the volatility dynamics and risk
premia associated with mergers.

In comparison with the Black—Scholes formula with constant volatility, our option formula
does significantly better: the median percentage error is 26.06% for our model compared to an
error of 33.02% in the case of the Black-Scholes model.® Our formula also does well compared
to a modified Black—Scholes formula in which the volatility equals the previous-day implied
volatility at the same strike price. This modified Black—Scholes formula is very difficult to
surpass, as it already incorporates the observed volatility smile from the previous day. Even
though we use only one option each day in our estimation process, our out-of-sample option
pricing estimates are very close to the observed prices and therefore produce a volatility smile
close to the observed one.

We test the implications of the model regarding the kink in the volatility smile. If instead
of looking at the volatility plot we consider plotting the call option price against the strike
price, then theoretically the magnitude of the kink normalized by the time discount coefficient
should be precisely equal to the risk-neutral probability. A regression of the normalized kink
on the estimated risk-neutral probability strongly supports the prediction that the intercept
equals to 0 and the slope equals to 1. Our estimation procedure uses only one option each day,
yet it matches well the whole cross section of options for that day, including the magnitude
of the kink.

We show that the probabilities estimated using our formula predict the outcomes of deals
in the data. In particular, this method does significantly better than the “naive” method
widely used in the mergers and acquisitions literature, which estimates the success probability
based on the distance between the current stock price and the offer price in comparison to
the pre-announcement price.

We also investigate how the fallback price compares to the price before the announce-

ment. One might expect that the fallback price should be on average higher than the pre-

6The error is smaller than the average bid-ask spread for options in our sample.



announcement price. This may be due to the fact that a merger is usually a good signal
about the quality of the target company, and indicate that other takeover attempts are now
more likely. We find that indeed the fallback price is on average 27% higher than the pre-
announcement price.

Another implication of our model is that the merger risk premium may be estimated as
the drift coefficient in the diffusion process for the success probability. This is individually
very noisy, but over the whole sample the estimated merger risk premium is significantly
positive, at an 158% annual rate (with an error of £29%). This figure is comparable to the
one obtained by Dukes, Frolich and Ma (1992), which examine arbitrage activity around 761
cash mergers between 1971 and 1985 and report returns to merger arbitrage of approximately
0.47% daily. See also Mitchell and Pulvino (2001) and Jindra and Walkling (2004) for a more

detailed discussion of the risks and the transaction costs involved in merger arbitrage.

Background Literature

The literature on estimating the sources of uncertainty related to mergers is relatively scarce.
Brown and Raymond (1986) reflect the widely spread practice in the industry of measuring
the probability of the success of a merger by taking the fallback (failure) price to be the price
before the deal was announced (an average over the past few weeks).

Samuelson and Rosenthal (1986) is the closest in spirit to our paper. They start with
an empirical formula similar to our Equation (10), although they do not distinguish between
risk-neutral and actual probabilities. Assuming that the success probability and fallback
prices are constant (at least on some time-intervals), they develop an econometric method
of estimating the success probability.” The conclusion is that market prices usually reflect
well the uncertainties involved, and that the market’s predictions of the success probability
improve monotonically with time.

Barone-Adesi et al. (1994) point out that option prices should also be used in order to
extract information about mergers. Subramanian (2004) discusses an arbitrage-free method
to price options on stocks involved in mergers. He focuses mainly on stock-for-stock deals,

since they allow a theoretically perfect correlation between the price of the acquirer and that

"They estimate the fallback price by fitting a regression on a sample of failed deals between 1976-1981.
The regression is of the fallback price on the offer price and on the price before the deal is announced.



of the target during the announcement period. In order to solve the model, he assumes that
the fallback price follows a given basket of securities, and that the risk-neutral probability is
determined by the arrival in a Poisson process with constant intensity.®

Hietala, Kaplan, and Robinson (2003) discuss the difficulty of information extraction
around takeover contests, and estimate synergies and overpayment in the case of the 1994
takeover contest for Paramount in which Viacom overpaid by more than $2 billion.

In general, the literature on mergers has mostly been on the empirical side.” Several
articles focus on the information contained in asset prices prior to mergers. Cao, Chen, and
Griffin (2005) observe that option trading volume imbalances are informative prior to merger
announcements, but not in general. From this, along the lines of Ross (1976), they deduce
that option markets are important, especially when extreme informational events are pending.
McDonald (1996) analyzed option prices on RJR Nabisco, which was the subject of a hostile
takeover between October, 1988 and February, 1989, and noticed that there was a significant
failure of the put—call parity during that time.

Mitchell and Pulvino (2001) survey the risk arbitrage industry and show that risk arbitrage
returns are correlated with market returns in severely depreciating markets, but uncorrelated
with market returns in flat and appreciating markets. This correlation shows that there is a
positive merger risk premium.

There is also a recent related literature on credit risk and default rates. The similarity with
our framework lies in that the underlying default is modeled as a process, and its estimation is
central in pricing credit risk securities (see for example Duffie and Singleton (1997), Pan and
Singleton (2005), Berndt et al. (2004)). Similar ideas, but involving earning announcements
can be found in Dubinsky and Johannes (2005), who use options to extract information
regarding earnings announcements.

The paper is organized as follows. Section 2 describes the model, and derives our main
pricing formulas, both for the stock prices and the option prices corresponding to the stocks
involved in a cash merger. Section 3 presents the empirical tests and the simulations of our

model, and Section 4 concludes.

8 According to this assumption, if the Poisson process has not jumped until the effective date, the merger
is successful. This has the counter-factual implication that even deals that eventually fail become more likely
as they approach the effective date.

9For a theoretical discussion about preemptive bidding, and an explanation of the offer premium or the
choice between cash deals and stock deals, see Fishman (1988, 1989).



2 Model

2.1 Theory

Consider a merger in which one company, the acquirer, makes a cash offer to a second company,
the target, in the amount of B; dollars per share. We assume that on some fixed future date
T,, which is called the “effective date,” the uncertainty about the merger is resolved, and
further that this date is known to all market participants and to the econometrician. If
the deal succeeds, the target firm’s shareholders receive B; per share on the effective date.
Fluctuations in the price of the target company after the offer has been announced, but has
not yet been accepted, come from two different sources. First, there are fluctuations in the
probability of the merger being successful. Second, the “fundamental value” of the target
firm may change for reasons unrelated to the takeover attempt.

At each time ¢ define by p,, = p,,(t) the price that the market would assign to a contract
that pays 1 if the deal goes through and 0 if the deal fails.!® Also, define the fallback price
By(t) as the value of the target company estimated by the market at ¢, conditional on the
merger not being successful. Both By and p,, are latent variables, assumed to be known
to the market participants but unobservable by the econometrician. To allow for possible
generalizations we assume that the offer B; is also stochastic, although we later analyze the
case when Bj is constant.

Let W(t) be a 3-dimensional standard Brownian motion on a probability space (2, F, P).

We assume that Bj(t), By(t) are exponential diffusion processes:
Bi(t) = MW with dX;(t) = w dt+o0; dWi(t), i=1,2, (1)
with constant drift p; and volatility o;. Also, p,, is an [t6 process given by
Apm = 1 (pm(t), 1) At + o (P (t), t) dWa(t), ()

where p and o satisfy some regularity conditions (see Duffie (2001)) and are such that p,, is

10Tf such a futures contract contingent on the success of the merger were traded on the Iowa Electronic
Markets or Intrade, p,,(t) would be the market price of this contract.



constrained to be between 0 and 1.'' We assume that p,, is independent of B; and B,.'?
Denote by 5(t) = € the price of the bond (money market) at ¢. Define by @ the equivalent
martingale measure associated to By, Bs, p,,. This is done as in Duffie (2001, Chapter 6),
except that we want By, B, p,, to be Q-martingales after discounting by 3. At each time ¢
denote by ¢ = ¢(t) by
q(t) = pm(t) e, (3)

Then ¢(t) is the risk-neutral probability of the state in which the merger succeeds. Because

pm(t) is a discounted martingale with respect to @), we have

Q [PmlTe) ] _ pml) or equivalen @ =
7 {2l 2 or cquivaenty  EY (T} = a(0), (@

We extend the probability space €2 on which ) is defined by including the binomial jump of
Pm to either 1 or 0 with probability p,,(7:). This defines a new equivalent martingale measure
@' and a new filtration F'. Denote by 77 the instant after 7, at which we know whether p,,
jumped to 1 or 0. Extend p,, as a stochastic process on [0,7,] U {7} in the obvious way.

Notice that p,, = ¢ at both T, and T, so the payoff of stock B at T can be written as
o(T2)BA(T2) + (1 = q(T7)) B2(T7), (5)

since q(77) is either 1 or 0 depending on whether the merger was successful or not.

We now apply Theorem 6J in Duffie (2001) for redundant securities. Markets are complete
because there are three Brownian motions and three securities By, Ba, p,, (plus a deterministic
bond). Also at T, the market, which displays only a binary uncertainty between 7, and 77,
can be spanned only by the bond and p,,. Then, in the absence of arbitrage, any other security
whose payoff depends on Bi, Bs, p,, is a discounted @’-martingale. In particular, the price

of the target company B(t) is a discounted @)’-martingale. By the assumptions made above,

1'We could require that on the effective date p,,(T.) is either 0 or 1, but we prefer the more general case
when there is no such restriction. The intuition for this is that the market might not know the merger outcome
even on the effective date, and so on that last day it assigns the probability p,,(T.). We also assume that
at the end of day T, the process p,, jumps either to 1 with probability p,,(T¢), or to 0 with probability
1 — pm(Te), and that this jump is independent from the all the other sources of uncertainty.

12The case when p,, is correlated with B, is discussed after Theorem 1. Since later we treat B; as deter-
ministic, we do not explicitly discuss the case when ¢ and By are correlated, but this can be solved as well
using similar methods.



notice that this has B has final payoff equal to q(77)B1 (1) + (1 — q(T17)) Bo(T)). This allows
us to establish the formula for B(t) in the Theorem below.

Consider also a European call option on B with strike price K and maturity 7" > T..
Define by C(t) its price. Now define by X, = max{X,0}. Define C5(t) the price of a
European call option on By with strike price K and maturity 7. Also, when Bj is stochastic,
define C(t) the price of a European call option on B; with strike price K and maturity 7.
Under the assumption that the diffusion and volatility parameters are constant, the option

price Cy(t) satisfies the Black-Scholes formula:

Cy(t) = CPS(By(t), K, 7, T —t,05) = By(t)N(dy) — Ke " TN (dy), (6)
—t)

log(Bs(t)/K) + (r £ 03)(T (7)
ooV/T — ¢

1,2 =

Theorem 1. Assume q, By, By satisfy the assumptions made above, with q is independent

from By and Bs. Then, if By is stochastic the target stock price and option price satisfy

B(t) = q(t)Bi(t) + (1 — q()) Ba(t). (8)
C(t) = q)Ca(t) + (1 = q(t))Ca(t). (9)

If By is constant the formulas become

B(t) = q(t)Bye "= 1 (1 — q(t)) By (t). (10)
C(t) = q(t)(By — K)o "™ 4 (1 — q(t)) Ca(#). (11)
Proof. See the Appendix. O

When ¢ and Bs are correlated, one can still obtain similar results, but the formulas are
more complicated.?

Now we study the Black—Scholes implied volatility curve under the hypothesis that our
model is the correct one. The volatility curve plots the Black—Scholes implied volatility of

13To see where the difficulty comes from, suppose B, is constant. Let us consider the derivation of the

formula for B(t) in the proof of the Theorem: B(t) = 5%2) EtQ{q(Te)Bl +(1- q(Te))BQ(Te)}. The problem

arises when attempting to calculate the integral E? {q(Te)Bg (Te)}. This is in general a stochastic integral,

but in particular cases, it can be reduced to an indefinite integral in two real variables.



the call option price against the strike price K. If the Black—Scholes model were correct the
curve would be a horizontal line, indicating that the implied volatility should be a constant—
the true volatility parameter. But in practice, as observed by Rubinstein (1994), the plot of
implied volatility against K is convex, first going down until the strike price is approximately
equal to the underlying stock price (the option in “at the money”), and then going up. This
phenomenon is called the volatility “smile” or, when the curve is asymmetric, the volatility
“smirk.”

The next result shows that, in the case of options on cash mergers, the volatility smile arises
naturally if the merger success probability is sufficiently high. Our model implies that the
volatility curve is convex, with a kink at K = B;. The magnitude of the kink (the difference
between the slope of the curve on the right and left of K = B;) equals the time discounted
risk-neutral probability divided by the option vega. Recall the formula for dy in Equation (7)
dy = dy(S,K,r,7,0) = log(S/K()fJ\r/(;%UQ)
the option vega; and by x(-) the indicator function: x(z) =1if z > 0 and x(z) = 0 otherwise.

L with 7 = T'— t. Denote by v =v(S,K,r,1,0) = g_g

Proposition 1. If the offer price By is constant, the slope of the implied volatility plot equals

a imp - )
gK - V(B,Ig,r,‘r,aimp) <_Q(t)X(Bl_K)_(l_Q(t))N(d2<B27 K7 T, 02>)+N(d2(B7 K7 r,T, 0_1mp))> )

where v = % is the option vega. For q(t) sufficiently close to 1 the slope (8‘5?)

) 18

K1B

(90'imp
oK

negative and the slope ( ) is positive. The magnitude of the kink, i.e., the slope
K|By

difference equals

(ao.imp) B <8O.imp) _ efr‘rq<t) (12)
0K K1B, 0K K1B, v(B,K,r,T,0mp)’

mp

Proof. The formula for aglK
formula for cash mergers: C(t) = q(t)e™""(B; — K), + (1 — q())CP5(By(t), K,r,7,09) =

CB5(B, K, r,,0™P). This also implies the formula for the magnitude of the kink. Moreover,

comes from differentiating with respect to K our option pricing

we get the following formula:

@_fcf)m ) (S—i)m - (13)

10



Note that (8‘5“;) is proportional to —¢ — (1 — ¢)N(d2,B,) + N(ds,5), which is negative
K1B

for ¢ sufficiently close to 1. Also, (agi;p> is proportional to —(1 — ¢)N(dz,B,) + N(d2,5),
K|By

which is positive for ¢ sufficiently close to 1. n

. ) imp . . B) imp . ..
In fact, one can check numerically that < Tre >KTB is negative and ( T >KLB is positive
1 1

for most of the relevant values of the parameters. This implies the usual convex shape for the
volatility smile.

Now we prove a result about the instantaneous volatility that will be useful later. Define
the instantaneous volatility of a positive Ito process B(t) as the number o, (t) that satisfies
4B(t) = p,(t) dt + o, (t) AW (t), where W(t) is a standard Brownian motion. We compute

the instantaneous volatility o, (t) when the company B is the target of a cash merger.

dg  _
q(1—q) —

p1 dt 4 oy AWy (t). The fallback price satisfies By(t) = €2 with d Xy = po dt 4 oo dWs(t).

Proposition 2. Assume that the risk-neutral probability process follows the Ito process
Assume that q and By are independent and that By is constant. Then the instantaneous
volatility of B satisfies

2 16’(T‘57t)— 2 2 2 ?
00)" = (2 -y ) + (0 -ae) )

Proof. Use Ito calculus to differentiate Equation 10 in Theorem 1. [

3 Empirical Results

3.1 Data

We study cash merger deals that were announced between January 1996 and June 2008,
and have options traded on the target company. Merger data, e.g., company names, offer
prices and effective dates, are from SDC Platinum, Thomson Reuters. Option data are
form OptionMetrics, which reports daily closing prices starting from January 1996. We use
OptionMetrics also for daily closing stock prices, and for consistency we compare them with
data from CRSP.

During this period there are 7600 merger deals reported by SDC where the form of payment

is exclusively cash. We restrict our sample to deals for which OptionMatrix has option prices

11



on the target company. Since at the time of the analysis OptionMatrix only displays prices up
to September 2008, we limit our sample to deals for which there is a resolution of the merger
(success or failure) by this date. In other words, pending deals are excluded. We also exclude
partial acquisitions: if the acquirer is wants to purchase less than 80% of the outstanding
shares of the target company, the deal is excluded.

The resulting sample consists of 586 deals. Although cash is the most common type of
payment when public companies are acquired, the significant reduction in sample size shows
that most of these companies are usually small and have no options traded on their stock.
Out of these 586 deals, 465 successfully completed the merger, while 121 failed to reach an
agreement by the effective date.'

Table 1 reports some summary statistics for our initial sample. For example, the median
deal lasted 84 trading days (until either it succeeded or failed). The average deal duration is
100 days, with 581 days being the longest. Various percentiles for the offer premium are also
reported in Table 1. The offer premium is the percentage difference between the (cash) offer
price, and the target company stock price on the day before the initial merger announcement.
The median offer premium in our sample is 25%, while the mean is 31% and the standard
deviation is 30%. The table also reports how often options are traded on the target company.
The median percentage of trading days where there exists at least an option with positive
trading volume is 28.57%, indicating that options are quite illiquid.

Since in order to obtain the pricing equations (10) and (11) we assume that the option
matures after the effective date (7" > T.), we restrict the sample to include only deals for
which there exist traded options which mature after the effective date. Next, we perform
various checks to spot various data problems: missing underlying prices; prices which are
inconsistent between OptionMatrix and CRSP; misreported offer values that did not include
additional payments like special dividends; and missing offer values. We also exclude deals
for which the total duration is less than 6 days. The resulting sample has 422 deals.

As mentioned earlier, options on the target companies of the deals selected are usually
thinly traded. In order for our estimation procedure to work, we need to impose the re-

quirement that there are enough options traded daily on each stock. For each stock ¢ and

14The effective date of a merger is defined by SDC as the date when the merger is completed, or when the
acquiring company officially stops pursuing the bid. An effective date is filed with the SEC at the time when
the initial cash offer is made, but this date may subsequently change and in fact it often does.

12



each day t consider the number of options traded on that day which with positive trading
volume. (An option can have quotes—bid and ask prices posted by the market maker—but
zero trading volume.) Denote that number by N;;. Then for each stock ¢ we define the mean
of N;,; over time to be u and the standard deviation over time o.¥. The intuition is that
we want a high average number of options traded per day, but we do not want the number
of options to vary too much, so we put a penalty if it varies. We then select the deals for
which ¥ —0.50Y > 0.9.'5 Our final sample consists of 282 deals, out of which 246 succeeded
and 36 failed. Table 2 reports the most liquid 5 successful deals and 5 failed deals in our
sample, ranked by the liquidity measure mentioned above, the adjusted average number of
traded options per day p¥ — 0.5 0.

We use closing daily prices for the target stocks, and the closing bid and ask prices for the
option prices. We only consider call options with maturities longer than the effective date of
the deal. For deals that are successful by the effective date, the options traded on the target
company are converted into the right to receive: (i) the cash equivalent of the offer price
minus the strike price, if the offered price is larger than the strike price; or (ii) zero, in the

opposite case.'¢

3.2 Methodology

Consider our sample of 282 cash merger deals with options traded on the target company.
Start with the observed variables: (i) 7., the effective date of the deal (measured as the
number of trading days from the announcement ¢ = 0); (ii) r, the risk-free interest rate,
assumed constant throughout the deal; (iii) By, the cash offer price; (iv) B(t), the stock price
of the target company on day ¢; (v) C(t), the price of a call option traded on B with a strike
price of K; this is selected to have the maximum trading volume on that day.'”

The latent variables in this model are ¢(t), the risk-neutral probability that the merger is
successful; and Bsy(t), the fallback price, i.e., the price of the target company if the deal fails.

15We choose the penalty slope 0.5 so that it is not too restrictive and we get enough deals. We choose
the cutoff 0.9 so that the number of failed deals in our final sample is large enough (36). If we require that
plY —0.50N > 1 instead, the number of failed deals decreases from 36 to 20.

16This procedure is stipulated in the Options Clearing Corporation (OCC) By-Laws and Rules (Article VI,
Section 11).

17Tf all option trading volumes are zero on that day, use the option with the strike K closest to the strike
price for the most currently traded option with maximum volume.

13



The variables ¢ and B, satisfy:

dX;
¢ ith ——1__ = Wi(h); 1
q 1(t)  wit =X py dt + oy AW (t); (15)

Bg(t) = 6X2(t) with dX2 = M2 dt+02 dWQ(t) (16)

We assume that dWi(t) and dWs(t) are independent, which implies that ¢ and B, are
independent.

The parametrization of ¢ is very similar to the Black—Scholes specification for the under-
lying price (dS/S = pdt+ o dW;), except that the equation for ¢ also has a term 1 — ¢ in the
denominator, which ensures that ¢ stays lower than 1. With this parametrization the drift p,
has a particularly useful interpretation in relation to the merger risk premium. Recall that
for a price process that satisfies dS/S = u(S,t) dt + o(S,t) dW (t) the instantaneous risk
premium is given by E,(dS/S) —rdt = (u(S,t) —r) dt. In the case of a merger, the merger

—r(Te—t

risk premium is associated to the price p,,(t) = q(t)e ) of a digital option that pays $1

if the merger is successful and $0 otherwise. The instantaneous merger risk premium is then:

E, <%) _rdt = E (ﬂ) ~ (1= gy dt. (17)

Pm q

Assume that equations (10) and (11) from Theorem 1 hold only approximately, with errors

€B (t) and €C(t)l

B(t) = q(t)Bie”" T + (1= q(1))Ba(t) + e(1), (18)

Ct) = qt)(Br — K)pe T 4 (1 — q(£))CP¥(Bs(t), K, 7, T — t,05) +ec(t). (19)

The errors are IID bivariate normal:
~ N(0,%.), where X, = ’ : (20)
Equations (15), (16), (18) and (19) define a state space model with observables B(t) and

C(t), latent (state) variables ¢(t) and Bs(t), and model parameters py, o1pia, 02, 0c 5, 0= -

We adopt a Bayesian approach and conduct inference by sampling from the joint posterior

14



density of state variables and model parameters given the observables. We do this using a
Markov Chain Monte Carlo (MCMC) method based on a state space representation of our
model. In this framework, the state equations (15) and (16) specify the dynamics of latent
variables, while the pricing equations (18) and (19) specify the relationship between the latent
varia