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. Challenges for scientific Al

> LLMs’ reliability often drops in scientific problem-solving

» Caused from the inherent complexity of natural sciences

* Long, multi-step and unstructured reasoning
* Modeling of real-world scenarios

* Understanding of fundamental laws

* Implicit constraints

* Deterministic & probabilistic, precise & approximate

» Hard to detect due to logical leaps in the provided answers

 Both human and Als alike tend to omit steps they consider "obvious" 18




. How to address this issue?

» Logical Chain Augmentation (LOCA)

« Enforcing logical completeness and structurally decomposing reasoning steps into

verifiable principles and derivations, within an augment-and-review loop

Fang et al., 2510.01249
Jian et al., 2511.10515
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Example: raw answer with logical leaps

» For the following question

There is now an electrolyte with thickness L in the z direction, infinite in the z direction, and
infinite in the y direction. The region where y > 0 is electrolyte 1, and the region where y < 0 is
electrolyte 2. The conductivities of the two dielectrics are o4, o2, and the dielectric constants are
€1, €2, respectively. On the zOz interface of the two dielectrics, two cylindrical holes with a radius
R are drilled in the 2 direction, spaced 2D (D > R, R, D < L) apart, with centers located on the
interface as long straight cylindrical holes. Two cylindrical bodies + are inserted into the holes, with
the type of the cylinders given by the problem text below.

The cylindrical bodies & are metal electrodes filling the entire cylinder. Initially, the system is
uncharged, and at ¢ = 0, a power source with an electromotive force U and internal resistance 7 is
used to connect the electrodes. Find the relationship between the current through the power source

and time, denoted as i(t). ® N (0] n-atO m i C ity

» The raw answer is . Implicit justification

Given the potential difference u, it can be seen:

B B _ 2m(e1+ex)pr  m(er+er)u
oy =u/2,0_ = —uf2,A= 2%, ~ arccosh(D/R)

Select a surface encapsulating the cylindrical surface and examine Gauss’s theorem. For the positive
electrode, it is easy to see:

= = - AL 2mulL
E-dS=L ¢ E-ndl = =
// j( " (e1+e2)/2  2arccosh(D/R)

Since the above potential distribution is deemed directly applicable for the calculation of current, the
total current flowing out of the positive electrode is:

I=/fﬂE-d§=gl+a2X 2mulL

2 2arccosh(D/R)
Given the current ¢ passing through the power source, this current changes the net charge:
d(AL) . , 2rul m(e1+€e2)L du

dt - 2arccosh(D/R) ~ 2arccosh(D/R) dt

According to the loop voltage drop equation:
U=ryi+tu—>u=U—rg
i 7(o1 + o2)L _ m(e1tel)L 7”0@
2arccosh(D/R) 2arccosh(D/R) " dt
di (014 02)U o1+ 0s  2arccosh(D/R)Y .
at ro(e1 + €2) - (51 + g9 nroL(e1 + €2) ) ¢

(U - Toi) =

At time ¢ = (), all current should preferentially enter the capacitor. At this time, the initial current is
U/ro, and this differential equation yields:

2arccosh(D/R) [ (01 + 09  2arccosh(D/R) )} }
+ —€exp |—
mroL(oy + 03) €1+ €9 mroL(ey + o2)

U
2arccosh(D/R)
7l'TOL(0’1 +0’2)

i) = T (1 +

21



Refined Answer 1

Problem Statement Explanation

The problem describes a physical system composed of two semi-infinite electrolytes, separated by
the Oz plane.

- **Electrolyte 1**: Occupies the region y > 0, with electrical conductivity & and dielectric con-
stant (permittivity) ;.

- **Electrolyte 2**: Occupies the region y < 0, with conductivity 9 and permittivity 5.
Two long, parallel cylindrical metal electrodes, denoted as + and —, are placed within this system.

- **Geometry**: The electrodes are of radius R and length L. They are oriented parallel to the
z-axis. Their centers lie on the xOz interface and are separated by a distance of 2D.

- **Agsumptions**; The geometry satisfies the conditions D > R and {R,D} < L. The latter
condition allows us to neglect end effects and treat the problem as two-dimensional in the zy-plane,
with total quantities (like capacitance and resistance) being proportional to the length L.

Attime ¢ = 0, this system is connected to a power source.

- **Power Source**: An ideal electromotive force (EMF) U with a constant internal resistance 7.

- **Initial Condition**: The system is initially uncharged, meaning the potential difference across
the electrodes is zero at t = 0.

The goal is to find the current i(¢) flowing from the power source as a function of time.
Step 1: Equivalent Circuit Model

The physical system can be modeled as a simple electrical circuit. The two electrodes immersed in
the electrolytes act as a capacitor, storing charge, and simultaneously as a resistor, allowing a leakage
current to flow between them through the conductive medium.

- The capacitive nature is due to the storage of electric charge on the electrodes when a potential dif-
ference is applied, with the electrolytes acting as the dielectric material. Let’s denote the equivalent
capacitance as C.

- The resistive nature is due to the flow of charge (ions) through the electrolytes under the influence
of the electric field, from the positive to the negative electrode. Let’s denote the equivalent resistance
of the electrolytes as Reje..

Since charge can be stored on the electrodes while simultaneously leaking through the medium, the
capacitor C and the resistor R, are in parallel. This parallel combination is connected in series
with the internal resistance r, of the power source with EMF U.

Step 2: Derivation of the System’s Capacitance

The total capacitance is the sum of the capacitances of the upper and lower halves of the system,
which are connected in parallel.

First, we state the standard formula for the capacitance per unit length, C”, between two parallel
cylindrical conductors of radius R with centers separated by a distance 2D in a uniform dielectric

. Example: complete and structured answer
» The complete and structured answer with logical rigor

medium with permittivity €.

- mE
~ arccosh(D/R)
In our problem, the upper half-space (y > 0) is filled with electrolyte 1 (1), and the lower half-space

(y < 0) is filled with electrolyte 2 (¢2). Due to the symmetry of the electric field about the y = 0
plane, we can consider this as two capacitors in parallel.

- C4: Capacitance of the upper half, in a medium with permittivity ;.
- Cy: Capacitance of the lower half, in a medium with permittivity €.

The capacitance per unit length for each half is:
Cf=——L___ 1
'™ arccosh(D/R) o

_ TEQ
"~ arccosh(D/R) @

The total capacitance per unit length, C;_,;, is the sum of the parallel contributions.

| Cloat = €1+ G|
The total capacitance C for the electrode length L is then derived.

o e, £ TE, _ m(e1+e9) 3)
total = arccosh(D/R) ' arccosh(D/R) ~ arccosh(D/R)

—o - ™Meate)l
C=Ciotar" L= arccosh(D/R) ;

Step 3: Derivation of the System’s Resistance Similarly, the total resistance of the electrolyte is
determined by the two parallel paths for current flow through the upper and lower electrolytes.

For a system with a given geometry, the resistance R and capacitance C' in a homogeneous medium
are related.

RC=1%
g

We can apply this relation to each half of our system. - R;: Resistance of the upper electrolyte with
conductivity . - Ry: Resistance of the lower electrolyte with conductivity os.

Ry — g _ & _ &1 arccosh(D/R) _ arccosh(D/R) )
0,Cy  o,(CiL) o,L TEY wo L

Ry = &2 _ & _ &2 arccosh(D/R) _ arccosh(D/R) ©)
0,Cy,  03(CLL)  o5L TEY wooL

Since the current can flow through both electrolytes simultaneously, these two resistances are in
parallel. The total equivalent resistance of the electrolyte, R.;..., is given by:

1 _ 1.1
Reee Ri Ry

ez ¥
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. Example: complete and structured answer
» The complete and structured answer with logical rigor

_ 7o L + oL _ 7oy + o)L @
Regec - arccosh(D/R) = arccosh(D/R) - arccosh(D/R)

__ arccosh(D/R)
Retec = o1 +oa)l (8)

Step 4: Formulation of the Governing Differential Equation

Let i(¢) be the current from the source and u(t) be the potential difference across the electrodes.
Applying Kirchhoff’s Voltage Law to the circuit loop:

U =i(t)rg + u(t)

The current () from the source splits into two paths in the parallel combination: a charging current
ic(t) for the capacitor and a leakage current i (t) through the resistor.

i(t) = ic(t) + in(t)

The currents i(t) and i z(t) are defined by the properties of the capacitor and resistor:

ic(t) = d—u

Retee

Combining these, we get a differential equation relating i(¢) and u(¢).

du  ul(t)
it)=C— + (&)
( ) dt Rﬂ!ec
To find an equation solely for i(t), we eliminate u(t) From the loop law, u(t) = U — i(t)ry
Differentiating with respect to time gives d =—-Tn d‘ Substituting these into Eq. equauon 9
. di U —irg
=C|-ro— | +
‘ ( 0 dt) Retec
ci’i U To
~Cro—, + - i
0 dt Rcinc Rcinc
d.’, U . To )
Cro— =—5——i|1+
Udt Rclec ( Relec
di U 1 1
= = =) 10
dt ~ CroRue. (Cm * CRcfm) ’ a0

This is a first-order linear ordinary differential equation for i(t).

Step 5: Solving the Differential Equation The differential equation equation 10 is of the form & G+
Bi=A.

.Zt Py = Q) = y(t) = [ P(tyat (fQ(t)ef Ptydtgy o K)

For our constant-coefficient case, the general solution is i(t) = i, +i4(t) = A/B 4 Ke~ 5!, where
iss 18 the steady-state current and K is a constant determined by the initial condition.

1 1 o+ Rg!gc
=+ = "0 elec (1
CTU CRe.!ec CTURelec
— é — U/(CTUReJec) — U (12)

fes B (Tﬂ + Re!e(:)/{CTOReteu:) ro + Relee

The initial condition at ¢ = 0 is that the system is uncharged, so u(0) = 0. From the loop law,
U =i(0)rq + u(0), which gives the initial current:

, U
i(0) = T_o (13)
Applying this to the general solution at £ = 0:
i(0) = dgs + Ke°
U U
— =+ K
To o+ Rc!cc
K= v U U (ro + Retec) — 70 _ URetec (14)
ro 7o+ Repee To(ro + Retec) To(ro + Retec)
Substituting 7,5, K, and B back into the solution gives i(¢):
. U URejee ( 70 + Relee )
i(t) = + xp | — t 15
( } o + Rciec "”U(TU + Re!ec) P C""URe!ec ( )

Final Answer

The relationship between the current through the power source and time, i(t), is found by substi-
tuting the expressions for the equivalent capacitance C' (Eq. equation 4) and resistance R.j.. (Eq.
equation 8) into the general solution (Eq. equation 15).

The steady-state current is:

. U U
I':SS R ]
7o + Relec To + 34/—1::;:?:”2)?

The decay constant in the exponent is:

1 . 1 oy+0y  arccosh(D/R)
" CRetee  Crog  e1+ea  mrole; +e2)L

The final expression for the current i(t) is:

U U U E sh(D/R
Z(f) = n arccosh(D/R) + E - + arccosh(D/R) exp [_ (Zl I:: + ::Ti)c(z‘; _(;,_ 5/;)1[)') t:|
To w(o1+o2)L To w(o1+e2)L

6]
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First clarifies scope and

* Interprets the task before
launching tools.

« Finds a configuration issue
before heavy computation.

« Makes assumptions explicit
and asks targeted

clarifications.

Careful collaborator,
not a black-box
executor.

checks the environment.
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BRIRIANTTREFEME NS double box & EFR%Y jldbox,1,1,1,1,1,1,1,0,0] £ s=1, t=10,

- S BFESHANIT

Step 2 T, BFE epsilonl NERE
After the scope is fixed, I(s=1,t-10) =
Aether executes the - 0.36363636363636363636/eps™4

+

(1.50974560756401050956 - 0.85679799643357997413 1i)/eps”3
(0.3029311826255851266 - 5.0981381811778132198 1i)/eps”2
(10.242754084619124486 + 9.901633151238733831 i) /eps
(34.351002915426986934 20.708845586141352035 i)
(48.059272314275467673 + 78.808210752995366071 i) eps
0(eps”2)

toolchain and returns a
reproducible resulit.

At

o5

4

« Computes the requested

integral and epsilon expansion. —

* Returns result, script path,
o TEMA: amflow_runs/doublebox_s1_t10/run_amflow.wl

OUtpUt path’ Iogs’ and runtime. o AR amflow_runs/doublebox_s1_t10/result

J Preserves provenance for o AT amflow_runs/doublebox sl _t10/.amflow_log
BARGITAE 17 1 eps KR, SEFR AMFlow SERBTIEIZ) 510s, £iRFELY 708s

inspection, rerun, and reuse.
o TIT455RAYT WARNINGS _DETECTED=0
MRIREE, HT—SFMN:

Results come with 1 ERMERBIBH, Mathematica / LaTeX 5 EIEH MR
files, logs, and

i 2 i double-b 4
execution traces. RAIRE %Y double-box feIEFUEBES — AR
\ / 3. #FHE—RENEMERSHMESM epsilon BFF

e 7

v
PEKING UNIVERSITY
AMFlow J3—1ft 1/ (i*xPir(D/2)) BE
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Deep-Research

ot RERThREET EAmfRE.

Wehfatch https:ffarxiv.org/searchi?query=perturba...

Wehfatch Request failed with status code

Wabfatch https:/farxiv.org/search/Tquery=perturba...
Weabfatch https:/farxiv.orgfsearch/?query=scatterin...
Wahfatch https:ffarxiv.org/searchf?query=celastial...
Wabfatch https:/farxiv.org/search/Tquery=rasurgen...

Wehfatch https:/farxiv.org/searchi?query=amplitud...

Wahfatch https:/farxiv.org/searchf?query=BY+qua...

Wehfetch htipsy/farxiviorg/t ¥ hiTquery=post- Mi...

<1 A ClawBot

test - MILEFIHICHRINERLaTeXiEES -

Build - myprovider/gim-5.1

= IR®mS:

/n, /Inew  FFEFXIE
/stop fE BT
/c, lcompact E4EZHAT LT

/m, /model EETJFIER!
/m | EELIMETR
/mn PiESIEE

/a, /lagent EEHHFIERN
/a<name> 1{JRIEEE

/p, /project BEERIEIRE
/p| EELIIMA

/pn PigmSInE

/p <path> {J#REIIEERE

/s, Isession BERIERIE
/sl BEERIRIE
/sn VRS 2E

/h, /help BREENEE
/help list BREIHS

/s
test - MMEFIHICHEIHRELATeXEE -
Build - myprovider/gim-5.1
= ﬁiﬁﬁ”i@

1. MIMEFIHICRITHEELITXIES <
2026-04-19 19:16
. IsniBRRIE | /s | EEEED
A HEHRWNE T

test - MINEFIFHICRINHERLATXIES -
Build - myprovider/gim-5.1

B5M. X4 E:
\test\perturbative_gft_surveytex EE

A, BE8TET. I0RSEW, BEES
HIBIE, XE2R. ERTUXHMERFA.
BV-BFVEF{L. RIEEZE. BHHE. B
HEEYZ=RIAQFT. ARBEFEL M@, FiFo
A .

<.

xelatex perturbative_qgft_survey.tex

ez X ¥

PEKING UNIVERSITY

PR IFRL pdf S

test - MIMEFIACRINEELATXEE -
Build - myprovider/gim-5.1

WIZRTN, PDFE&R: E:
\test\perturbative_gft_survey.pdf, 11
b

o

Ra¥

perturbative_qgft_
survey.pdf B

test - MIMLEFIHICRINHELATeXEES -
Build - myprovider/gim-5.1

E:\test\perturbative_gft_survey.pdf
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