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On the Angular Distribution in Nuclear Reactions and Coincidence Measurements
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e

Theorems concerning the general form of the angular distribution of products of nuclear reactions and disintegrations are derived. These theorems are based only on the invariance properties of the physical process under space-
ratation and under inversion. The following examples are studied in detail: (i) Angular correlation between the electron and the neutring in B-decay. (i) Angular correlation between a [-ray and a y-ray emitted in succession by a
nucleus. (i) Angular correlation between two y-rays emitted in succession by a nucleus.
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- 24 Computational physics; Physics; Muclear physics and radiation;
i On the Angular Distribution in Muclear Reactions and Coincidence Measurements
Li=¢ Yang, Chen Ning
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Meet the recipients of the 2024 ACM A.M. Turing Award, Andrew G.
Barto and Richard S. Sutton! They are recognized for developing the
conceptual and algorithmic foundations of reinforcement learning.
Please join us in congratulating the two recipients! bit.ly/4hpdshD
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2 Reinforcement learning gaze control

S|
_— | AAl: 9958252, Choy, Kit Shan, (State University of Mew York at Buffalg), DAI-B 61701, E ﬁ
¢ .’1:_:'_"," Dissertation Abstracts International.
=——.] ISBN:978-0-598-61536-6
Publish™ezar: 2000 G
[1]Evans,
arganoca B ) —
QEFFE @ EFPOF W T 3|35 E33fE @ ET Mt R -
S 3

Conwentional uniform acuity machine wision systerms limit their attainable wisual resources by fixing the acuity.
The emergence of the foveal wision systern—a new type of wision system strongly analogous to the wertehrate
wision, equipped with graded acuity and context sensitive sensor gaze control, promised great improvement in
efficiency ower the uniform resolution sensors for active wision applications. The foweal systerns treat wisual
resalution as dynarmically allocatable resources, it can support simultaneously wide field of view, high localized
acuity, and high terporal rezolution. The high efficiency of foweal senzor i achiewed by minimizing senszor
information to relevant data only, and such operations required a crucial wisual attention mechanizm which
optimally directs wisual resources. Besides difficulties in manual deriving of such a mechanism, the presence of
uncertainties in dynamic environment also prompts for a learning algorithm to achieve and improve the skilled
wizal attention behavior. The reinforcement learning (EL) approach, together with the wisual memory map and
hierarchical planning structure i= introduced for the construction of gaze control mechanizm for the foweal ilJ TE"I )EH
machine wision systerm. Bottom-up wisual information and top-down cognitive knowledge are integrated through
the utilization of EL modules, the bottle-neck problems of partial observability and inefficient early learning are
properly addressed by warious enhancements to the REL algorithms. The proposed RL based wisual attention
mechanism has significantly improwved performance. |t can learn strategies for the acquisition of wisual information
relevant to the task, and it is adaptive to enwironmental changes because learning is in progress continuously.
Intelligence has been distributed throughout functional modules for efficient learning, the modular hierarchy
allows flexihle expansion and the uze of parallel and distributed computation schemes leaves room for parallel
implementation.

PSR 11010102004£04S
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Regularization in Reinfo

Farahmand, Amir-ma

A N N & ARV ) i e g
mE/m3|  £wPDF FSPOF S'Z ;c%_: 5‘* )\ Yara 7:7 Iﬁj( ik IE fF 74 ﬁ: g R
LD & #7E0 = st

This thesis studies the reinforcement learning and planning problems that are modeled by a discounted Markow

Decision Process (MDP) with a large state space and finite action space. We follow the value-based approach in "F#EPDF ~
which a function approximator is used to estimate the optimal value function. The choice of function approximator

however, is nontrivial, as it depends on both the number of data samples and the MDP itself. The goal of this work is

to introduce flexible and statistically-efficient algorithms that find close to optimal policies for these problems FREREAS

without much prior information about them. The recurring theme of this thesis is the application of the FRFhES

regularization technigue to design value function estimators that choose their estimates from rich function spaces. [
Woe introduce regularization-based Approximate Value/Policy Iteration algorithms, analyze their statistical h{=EraL =S i
properties, and provide upper bounds on the performance [oss of the resulted policy compared to the optimal one.

The error bounds show the dependence of the performance loss on the number of samples, the capacity of the CALISIs=

function space to which the estimated value function belongs, and some intrinsic properties of the MDFP itself.
Remarkably, the dependence on the number of samples in the task of policy evaluation is minimax optimal. We also
address the problem of automatic parameter-tuning of reinforcement learning/planning algorithms and introduce
a complexity regularization-based model selection algorithm. We prove that the algorithm enjoys an oracle-like

roperty and it may be used fo achieve adaptivity: the performance is almost as good as the performance of the m VAN I_i A i&j?)% I:J—'J:
property v pthvity: the p g p SRS s Eb%

unknown best parameters. Qur two other contributions are used to analyze the aforementioned algorithms. First, we

analyze the rate of convergence of the estimation error in reqgularized least-squares regression when the data is Eﬁ {%é K‘Z %%l I’E | | I: ?FS‘Z
. o . . . JL0

exponentially f-mixing. We prove that up to a logarithmic factor, the convergence rate is the same as the optimal

ST HEEchs =

T —— — - ; HICPE 14031 5 110101020046045
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Introduction

This thesis has three essays which are empirical studies at the intersection of finance and
macroeconomics. The topics include low interest rates and financial markets, debt contracts
and corporate borrowing constraints, and expectations in finance and macro. The essays
hope to provide empirical evidence, using diverse approaches, to better understand the
connections as well as differences between classic theories and economic activities in practice

The first essay is “Low Interest Rates and Risk Taking: Evidence from Individual
Investment Decisions,” joint with Chen Lian and Carmen Wang. In this research, we
demonstrate that individuals “reach for yield,” that is, have a greater appetite for risk
taking when interest rates are low. Using randomized investment experiments holding fixed
risk premia and risks, we show low interest rates lead to significantly higher allocations
to risky assets, among MTurk subjects and HBS MBAs. This effect also displays non-
linearity, and becomes increasingly pronounced as interest rates decrease below historical
norms. The behavior is not easily explained by conventional portfolio choice theory or
institutional frictions. We then propose and provide evidence for mechanisms related to
investor psychology, including reference dependence and salience. We also present results
using observational data on household investment decisions.

The second essay is “Anatomy of Corporate Borrowing Constraints,” joint with Chen
Lian. A common perspective in macro-finance analyses links firms’ borrowing constraints to
the liquidation value of physical assets firms pledge as collateral. We empirically investigate
borrowing by non-financial firms in the US. We find that 20% of corporate debt by value

is collateralized by specific physical assets (“asset-based lending" in creditor




Table 1.1: Demographics of Benchmark Experiment Sanples

Panek A, B, C tabulate demographics for Experiments B1, B2 B3 nspectively. In the Low condition, the risk-free
rate is 1%%; in the High condition, the rak-free rate i 5%. The mean exoss returms of the rsky asset is 5% in
both conditions. The fimal three columns show rt'p-ufiriwll. < the differsnce in the '|.1-ur¢.1'nl..|.u\u of '|.ur|i¢'ipL1nL‘- ina
certain category, the [tabiste ssociabed with the difference, and the p-value from the Man - Whitney-Wilcoson
test agairst the mall that the distdbution of chamctedstos acress the two conditions are the same. For the
MBA sample, we do not collect age because of homogeneity, and do not collect wealth a5 it might be sensitive
information. Rk tolernce & measumed through a a'.fm:dl-:m that asks '|.urri¢.'i|.1.ml:\- tor chosose thedr favoribe kttery
from: six (JP‘I‘i(ﬂb mcneasing in rizks and -u\.],wr.‘ln'd '|,1.:\t1fF:-. e group nzk tolerance imto kow, medium, and h i_|.d'|
based om the lothery chosen.

Panel A. Experiment B1: MTurk, Hy pothetical

Livw High Law - High
] % N k] : 1 LI test {p)

Male ! 81
Gender P il

Graduate school
Education Canllesge

Extersive
S
L beed

generally balanced in Experiment B3,

Parficipant Locagian
[ High Papulation Density

Low Fopulation Density

Nate: This plot shows the geographic distribution of MTurk paricipants in the benchmark experiments
|Etpur iments Bl and B2). The dots mdicate participant locations. The background shade is coloned based on log
populition dersity in each county.

Figure 1.1: Geographic Distribution af MTurk Participants




Panel A. Experiment Bl: MTurk, Hypothetical
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Note Dersity plots of alkeations to the risky asset in the benchmark experiments, Panels A, B, and C present plots for
Experiments B1, B2, and B3 respectivel y. The solid line is the ditribubon of allocabions to the risky assetin the low interest
rate condition, and the dashed line is that in the high interest rate condition.

Figure 1.2: Distrimution of Allbcations to the Risky Asset in Benchniark E xperinents

ri+ x, where x is the excess retums with mean g = Ex > 0. Let ¢ denote the proportion
of wealth allocated to the risky asset, and 14rp =1 + ry <+ ¢x the portfolio returns. The

investor chooses optimal ¢* € [l.‘l,ll by maximize expected utility:
* = arg max Eu (w (1 4r,)) (12
9" = arg max Eu (w (141,)) )

We start with the case of mean-variance analysis, the widely used approximation to the
general portfolio choice problem, and then discuss the general case.

Mean-Vadance Analysis. Conventional portfolio choice analysis often uses the mean-
varance approximation, in which case the mvestor trades off the average returns and
varance of the portfolio, and obtains

Er, = %Vﬂr (re) = anI::

Ex
—1 ],
yVar(x) \]

» &
‘|| , — Al Max
my n.E 1

1]
where y = _—‘:;:ﬂl# denotes the coefficient of relative risk aversion.

When we hold fived the distribution of the excess returns x, the risk-return trade-off
stays the same in mean-variance analysis, and investment dedsions should not change with
the level of the risk-free rate r %

Ceneral Case. The optimal mean-variance portfolio allocation gy, in Equation (1.3) is
a second-order approximation to the optimal allocation to the dsky asset ¢° defined in
Equation (1.2). Now we analyse the general mse which also takes into account the potential
impact of higher order terms. We consider how the optimal allocation to the risky asset ¢*

changes with the risk-free rate ry for a given distribution of the excess retums x.

Prop on L We assume the irvestors whil ity function u is twice differentiable amd stricthy

FFor our incertivized experiments, would wealth outside the experiment affect predictions of the comen-
Homal portfolio cholce amalysis? We make three observations. First, if the investor s outside wealth 1, has a
norstochaste return r, we can just redefine the utility function i (v (1 +r,)) = u (w (1+ )+ {1+7,])
and the same analysis applies. Second, even if the return on outside wealth is stochastic, as long as it is
independent of the retums in the experiment, we can show that the optimal allocation based on mesm-variance
analysis (a second-order approximation to the problem in (1.2)) stll should not dhange with mspect o the
interest rate. Finally, a8 Barberis etal. {208) point out, mamow framing (which refers to mnvestors’ tendency to
corsider mvestrment problems in isolibon, rather than mingling them with other risks) is key to explaiming
many phenomena, including the lack of sk neutrality to modest risks which holds in our experiments. o the
extent that investors frame namowly, the amalysis here also applies directly.
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Note: Screen shot of the prediction tazk. The green dobs indicabe past realizations of the statistical process In
each round I, participants ane aiked to make predictions about two future realizations By p and Fir o They
can drag the mouse toindicate Fy 1, in the purple bar and indicate F x5 i the red bar. Their predictions ane
shownas vellow dots. The grey dot i the prediction of 54y from the previows round F x4, participants can
s it but cannot change it Adter they have made their predictions, participants click “Make Predictions” and
mawve on to the next mund. The total seore is displayed on the top left corner, and the seore associated with
wach of the past prediction (if the actual is mealized) is displayed at the botbem.

Figure 3.1: Predicfion Screen
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Nete: Each point on this figume corresponds to eme participant in one condition of the baseline experiment
(Experment 1, with ¢ = .60 On the x-axi, we report the score obtained, and on the y-axis, the payment in $,
which is equal o the seore divided by 600. The vertical red line on the rght represents the expected payment of
a (full information) rtional participant for which Faxy = Eixy g = g

Figure 3.2: Payment and scares in the Baseline E xperiment

Fuul information ratiarad o spa ctatian
A0 a

Note: Each point on this Agure corresponds to one participant in one testing round. On the x-axis, we neport the
L5 expectations of 5 usng three lgs 1, 43,03 and coefficents estimabed using OLS and all information
available until date £ — 1. On the y-axis, we mport the FI expectation given by pr-). We only focs on
participants for which ¢ > 0 and p < 1. Regressing y on 1 keads to an B2 = 84 and a slope coefficient of .86

Figure 33: Full Information os Least Square Expectations

3.5 Empirical Results

3.5.1 Measuring rational expectations

To estimate our econometric specification, we need to compute the rational expectation of
the agent, which we genencally denote E;_pxi. We use two different measures, which we
describe here. The first measure assumes that the agent knows the data-generating process.
This corresponds to the full information rational expectation used in most economic models.
W thus define rational expectation about x; conditional on information available at date

f =k as:

Eflo =p'x
This definition of full information rational expectations will be our baseline, and for simplic-
ity we will use it in most of our regressions.
The participant does not, however, know the data-generating process, so in practice the

participant will try to infer it using the data. In robustness checks, we wse a definition based




3.6 Conclusion

In this paper, we run a large scale experiment to investigate how people form forecasts of a
variable when faced with past realizations of that vardable. At both the individual and the

aggregate levels, find strong evidence of extrapolative bias and of forecast stickiness, We

calibrate a simple model that nests rational expectations, in which both biases can coexist.

Extrapolation turns out to be quantitatively the most important bias. Interestingly, we

find our parameters to be relatively independent of the process statistical characteristics.

Stickiness is stronger when agents are reminded in a more salient manner of their past
forecasts. Apart from this, we find that context elements and framing of the experiment do
not affect significantly our estimations. We also find that agents do not improve the quality

of their forecasts over time.
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Appendix A

Appendix to Chapter 1

Al Proofs

A1l Proof of Proposition 1

Corsider first the problem without the constraint 0 < ¢ < 1. Let Ji () = Eu (w (1 4+ r,,.} ).

We have ’f.lﬂ‘i = [k

s [::'Err'l" | .'T'}] < [ because u is strictly concave. As a result, i (¢h) is strictly

concave and twice differentiable. Define 1I'r] = argmaxg Eu (1o (1 + o }) = arg maxfi (),
i.g. the optimal allocation to the rsky asset in the unconstrained problem. Because i (¢} is

strictly concave and twice differentiable, ¢ is fully characterized by the first order condition:
E [xu’ (i (14 r7) + ¢fwx)] = 0.

Therefore,
E [J.'ll"' (10 (14 rf) + .irr;;l.'x':l] e

T TE [ (@ (14 ) + djen)]

where @ = (1 +ry) w + ¢ xw is the investor’s final wealth, and A () = u_nfn_l denotes the
coefficent of absolute risk aversion.

Since u i strictly concave, =% Y has the same sign as =[E [xll' (o) Al .'T'}]. Mote
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