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Note for NODE Approach to the MQCD Phase Diagram via Holography

Yao Zhang

1 Deduction

Assume a vector field representation of the governing equations:
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Further assume the system dynamics are governed by:
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where ug (x;g) = Z(Z‘D (2) ;é’) with x = z® (z), under the assumption that auéa(fg) = uy (x;é?).



The constrained optimization problem seeks to minimize:
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with the loss functional defined as:
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The corresponding Lagrangian functional is constructed as:
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Taking the total derivative with respect to the parameter vector 5’ yields:
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Applying integration by parts to the term i (‘;—LZ‘) :
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where we assume 44 = 0 due to initial condition independence.
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Substituting equation (7) into (6) yields:
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To address the computational challenges posed by % and %
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In summary:

1. Initial value problem: Solve forward
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This system can be expanded as:
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in (8), we enforce the adjoint
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This system is solved by determining u; through us via NDSolve, with ug and u; are provided

by the neural network.

2. Terminal value problem: Solve backward

for 1 (2)-

Now, in detail, we have the following system of equations:
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In other words, we can express the system as:

Finally, the system in (13) becomes:

3. Evaluate
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2 Implement

To solve this problem using a system of first-order differential equations, we introduce auxiliary

variables ®,(z) and G(z), defined as ®,(z) = ®’(z) and G,(z) = G’(z), respectively. Consequently,

o) (z) can be expressed as:

with the system dynamics:
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where uy (x;g) = Z(zd) () ;é) with x = z® (z), and assume that dur(ot) = ug (x;g).

1. Solve forward
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with the initial values:

i z= D] [wio
up(z=1)] |u
uz(z=1| |uzo
us(z=1) U40
us(z=1| |uso

[ue (z=1)| [ueo|

The system will be solved using NDSolve, with u7 and ug are provided by the neural network.

2. Solve backward
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3. Evaluate
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NDSVo]:ve[; (class["&2eom"] /. B - class["B"]) =0 // SetAccuracy[#, 100] &, (class["G2eom"] /. B- class["B"]) ==0 // SetAccuracy[#, 100] &,
(class["@eom"] /. B-class["B"]) ==0 // SetAccuracy[#, 100] &, (class["Geom"] /.B-class["B"]) =@ // SetAccuracy[#, 100] &,
(class["zZeom"] /. B-class["B"]) =0 // SetAccuracy[#, 100] &, (class["Feom"] /. B- class["B"]) =0 // SetAccuracy[#, 100] &,

&[1 - IRcutoff] == class["& IR"] // SetAccuracy[#, 100] &, 2[1 - IRcutoff] == class["&'_ IR"] // SetAccuracy[#, 100] &,
F[1 - IRcutoff] == class["F_IR"] // SetAccuracy[#, 100] &, =[1 - IRcutoff] = class["=_IR"] // SetAccuracy[#, 100] &,
G[1 - IRcutoff] == class["G_IR"] // SetAccuracy[#, 100] &, G2[1 - IRcutoff] == class["G'_IR"] // SetAccuracy[#, 100] &},

{&, F, =, G, 82, G2}, {z, 1- IRcutoff, UVcutoff}, WorkingPrecision - 30, MaxSteps -» 20000, AccuracyGoal - 15] [1]

Fig. 1: Incomplete codes for (21).



class["backfun"] = NPSPIye[{ (backequ["back"] ["h&2"] /. {B->class["B"]} // Setfg;uracy[#, 100] &) =0,
(backequ["back':] ["hGVZV"‘i]il. {B-class["B"]1} // SetAccuracy[#, 100] &) =0, 7
(backequ["back"] ["h&"] /. {B>class["B"]} // SetAcéuracy[#, 100] &) =0,
(backequ["back"] ["hG"] /. {B-class["B"]} // SetAccuracy[#, 100] &) =0,
(backequ["back"] ["hz="] /. {B>class["B"]} //éetegéuracy[n, 100] &) =0,
(backequ["back"] ["hF"] /. {B>class["B"]} // SetAccuracy[#, 100] &) =0,
h&2[20 UVcutoff] == (h&2[z] /. class["normal pdl’JV":]_’// SetAfcuracy[#, 100] &),
hG2[206 UVcutoff] == (hG2[z] /. class["normal pduv"] // SetAccuracy[#, 100] &),
SEETAE

h&[20 UVcutoff] = (h&[z] /. class["normal pduv"] // SetAccuracy[#, 100] &),
hG[20 UVcutoff] == (hG[z] /. class["normal pduv"] // SetA?cur‘acy[tt, 100] &) ,
hz[20 UVcutoff] == (h=[z] /. class["normal pduv"] // ;VetiAiccuracy[xz, 100] &),
hF [20 UVcutoff] == (hF[z] /. class["normal pduv"] // S;tAcguracy[ﬁ, 100] &)

}, {h&2, hG2, h&, hG, hz, hF}, {z, 20 UVcutoff, 1 - IRcutoff}, WorkingPrecision - 20, MaxSteps » 10000] [1] ;

Fig. 2: Incomplete codes for (23).

class["zlist"] = Table[i, {i, 1/100, 99 /100, 1/1000}];

class["dz"] =1/ 1000;
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class["nn_zlist"] = Table[class["zlist"][i]] »&[class["zlist"][i]]] /. class["date_IRtoUV"], {i, 1, Length[class["zlist"]]}];

class["zint_pd_list"] = T;!Jle[backequ["zint"‘] /.z-class["z1list"][i] /. class["backfun"] /. class["date_IRtoUV"] /.B - class["B"],
{i, 1, Length[class["z1list"]]}];
class["zint_pd_2_list"] = 'I;a}:le[backequ["zint‘ '""1/.z-class["zlist"][i] /. class["backfun"] /. class["date_IRtoUV"] /. B - class["B"],
{i, 1, Length[class["zli;t"] 1315
class["nn;B"] =class["dz"] Eum[backequ["B"] /.z-class["zlist"][i] /. class["backfun"] /. class["date_IRtoUV"] /. B-class["B"],
{i, 1, Lepgth[class ["z1list"]1}];
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Module[ {nni}, For[nni =1, nni < Length[class["zlist"]], nni++,
; ) oyt
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zintforwardl [class["nn_zlist"] [nni]];l

class["g"] =class["zint_pd_list"][nni]] - 1000 class["zint_pd_2_list"][nni];
class["g"] =class["dz"] xclass["g"];

Gnet["back"] [class["g"1];

addGnet [ "func"];

zintforwardl[class["nn_zlist"][nni] +1/1000] ;
class["g"] =1000 class ["zint_pd_2_list"][nni];

class["g"] =class["dz"] xclass["g"];
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Fig. 3: Incomplete codes for (24).
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