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How to/why automate lattice PT?

Automated LPT and HQET matching.



Automation!!

Ve want to evaluate expressions like this one:



Automation!!

Ve want to evaluate expressions like this one:

t =20 t=1T

With automation | mean automatic generation of

® Feynman rules
® Feynman diagrams
® Code for evaluation



The Schrodinger Functional

Dirichlet boundary
conditions in
time.

Periodic boundary
conditions in
space.

M. Luscher, P.Weisz, R. Narayanan, U.Wolff, 1992. S. Sint, 1996, M. Luscher 2006.
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Diagram Generation

For example, take O =, (2) v0v5 ¥2 () Co(y) 75 Ci ().



Diagram Generation

For example, take O =, (2) v0v5 ¥2 () Co(y) 75 Ci ().

() = (¥1(2) 3 Yalx) ()15 G1(2) )

First perform fermion o2 c
Wick contractions, 1 <[ ( ) ( )]F75 [%( )Cz(y)]

T
E{Q

Then the /D e~ 2 Zp U] f[U],
gauge average,



Fermion Wick Contractions

Olp = [O]ﬁﬁ)) + 90[0];” + ... contains only

S(z,y) = S (x,y) + goSM (2, y)
K(ZC,Y) :K(O)($7Y)+90K(1)($7Y)+ etc.

Which can be constructed automatically.

S = (D + m)_l (for a given gauge field)

M. Luscher, P Weisz, |996.
M. Luscher, P.Weisz, 1986.A. Hart, G.M. von Hippel, et. al., 2009. S. Takeda, U. Wolff, 2007.



ALPT - The Comic
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Your favorite observable

Cn(y1) Cu(ya)
V5 V5
G(y2) ZI(YS)

xo =0 o =1
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pastor

User input:

* Fermion and gluon action in symbolic form.
* Observables in terms of propagators and boundary kernels.

Output:
All contributions up toO(g;).

Three basic steps:

|) Create a XML input file.

2) Parse the file to generate C++ programs.
3) Run the programes.



Using pastor as an Aid for the

Matching of HQET and QCD



HQET Flavor Currents

(VFI‘HQET)O(@: ZHQET Vostat Z D@ (4

Vot (z) = B2 7000 (2),
Vi (z) = @1(@%% (VS v

Vo (z) = @1(93)1% (VS + VS

... and for the axial vector current ...

A » A

V(@) = () g (V5 - TF) n(@)
V@) = i) (VF - TF) o)
V(@) = D@z (V5 + TF) die)
VO (@) = D)y (95 + V7)) n(@)

Heitger and Sommer, 2004

In totall 6 matching coefficients for the currents (plus 3 in the action)!



Matching the Vector Current

F\/O (T/2 0 Z)

Consider: ®Vo (0, 2) = ZV
\/f1 0,2)[1(0,0)




Matching the Vector Current
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Matching the Vector Current

F\/O (T/2 0 Z)
V11(0,2) f1(6,0)

Consider: ®Vo (0, 2) = Zv

Fy,(xg;0,2 = Lmg) =

—% > (G175 ¢3 Volx) €5 ¢1).

f1(0,2) = —(C5v5 5 C3 75 C2)

Luscher, Sint, Sommer, and Weisz, |996.




The Static Approximation

Fa4(T/2;0, 2)
VR0, 2) f1(0,0)
Z38 (1) = 1 — o log(ap) g5 + O(gp).

Xv(p) = Z%?;t (1) Z\S/t/AX{)/are, X{'}are —

We expect up B stat =2
to one IOOP: (Z) N (1 BA gO)XV(Z/L) g(Klur/ti?"\ Sommer, 2001.




The Static Approximation

F\Sftoat(T/Q 0, z)
VN0, 2) f1(0,0)
Z?‘f?;t(:u) =1 — o log(ap) 90 O(go)-

XV(,U) Z%?;t (Iu) Z\S}?ZX{)/'&FG’ Xeare o

We expect up
to one loop:

Y0(2) = (14 BY™ g5)Xv(z/L) + O(1/2),

A M. Kurth, R. Sommer, 2001.

How big are these?



The Static Approximation

F\Sftoa’t(T/Q 0, z)
V540, 2) f1(6,0)
O(Qo)-

Xv(p) = Z%?&t (1) Zsft/AX{)/are, X{'}are —

:StELt — , ) - i - e o
— ¥ ~ 4 — g e R S ‘-p&a‘:ﬂi{hﬂu . ~nia
l &. 121t o U .o T RN o oA 4

Xv(z/L)+ 0O(1/2).

A M. Kurth, R. Sommer, 2001.

We expect up B
to one loop: (2) = (1

How big are these? ”
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The Static Approximation

F\Sftoa’t(T/ZH 2)
V540, 2) f1(6,0)
O(Qo)-

Xy (i) = Z35% () 238550, xbore =

stat
ZA Jat

We expect up B Gtat D
to one |°°P3 (Z) N (1 BA gO)XV(Z/L) g(K]L;IZCf/IZ,?R Sommer, 2001.

Defining Y\Sl) —

we get Y\SU (2)



- Results

One Loop
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Conclusions/Outlook

» Improve pastor.
- Better support for Abelian background.
- Smearing.
- Staggered quarks.
- Chirally twisted boundary conditions.
- Two loops?!
» More applications.

- One loop matching of all components of the
currents (in progress with P. Korcyl).

This work has been supported by the DFG SFB TR9 Computergestutzte Theoretische Teilchenphysik and the
REA of the European Union under Grant Agreement number PITN-GA-2009- 238353 (ITNSTRONGnet).



Appendix



Performance

Diagram count

QCD static
Yo 30 29
f1 22 21

Three values for @
L/a=4,.,40

Four values for 2

Total time (incl. idle) on DESY PC farm in Zeuthen: Two weeks.



Some Definitions

Okin(2) = ¥n(2) Vi Vin(2),

Ospin(7) = Yn(z) o - B(x)Yn(x),
1
O — §€ijkgij7
Bi(x) = %Ez‘jkfij(f)-



Round-off
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MC Cross Checks

We use pastor to calculate
f(g0) = % + g5 £V + O(gp)
We then extract an estimate for the one loop part from MC using
FD(g0) = 95 (£ (90) — f)

and extrapolate linearly in g§.



MC Cross Checks
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Cross checks with MC data by Patrick Fritzsch.



Vertices - Details

The full result reads

(%)ST Z Z qm(klvtl) - Qur(krat )

klaafl),ulytl kr,n,CLf,n,'u,,n t,




Vertices - Details

The full result reads

(%)ST Z Z qm(klvtl) - Qur(krat )

klaafl),ulytl kr,n,CLf,n,'u,,n t,

X Ia,r, c. Ial Z V(O)A{u}eigB{u}ei/Q(C{u}-CI)/+D{“}.cI>)

()41. .. 'H u] 5t ,uuj] '



Vertices - Details

The full result reads

U (2, y) = (%)3 > Yy @ katy) - g (ke ty)

ki,a1,01,t1 Ky, ar,ptr,tr

< Iar o Ial Z V(O)A{u}eigB{u}ei/g(c{u},q)/_l_D{u}.q))

ot Kix[uy]
041. .. 'H u] 5t “uﬂ] '

This looks horrible, but can be constructed link by link
defining an order-by-order multiplication

T

U (@)U (2, y)])" = U (@)« U (z,y).



The XML Input

<boundary>
<where>0</where> <!--x 0 = 0-->
<spin>dirac</spin>
<spins>15 -14</spins>

<!-- 2 % P_+ *x gamma_b * P_- = -->

<!-- 2 % gamma_b * P_- = gamma_b - gamma_b * gamma_O0 -->
</boundary>
<propagator>

<thetax>theta</thetax> <!-- user parameter: theta-->

<thetay>theta</thetay>
<thetaz>theta</thetaz>
<spin>dirac</spin>
<action>HQET stat</action>

<!--from and to are optional tags, helping pastor to
generate more efficient code -->

<from>1</from>

<to>x0</to>

</propagator>



Construction of a Vertex in Pictures

A parallel transporter like this:

.w(y)
Will yieldO (g ) terms like this one:
2] Us U
197 Y \ * < '

x (2] x (1] Y

Uy
4 U1

AP Pt

Y(x) Us | Us U




Parse (and Compile)

GNU autotools make your life easy!

hal9000 | example_project $ ~/pastor-build/codegen/parse.py xml/phi_v@.xml
[...]

hal9000 | example_project $ cd source
hal9000 | source $ ./configure

[...]
hal9000 | source $ make



Run the Programs

fl small L.get file contents:

# Base path for the executables

BasePath /Users/dirk/tmp/pastor_build/codegen/example_project/source/
# Path for output and log files

WorkDir /Users/dirk/tmp/pastor_build/codegen/example_project/run/
# Bool (yes|no) if the propagators should be written
# to hard disk and their location

Propagators no -

# subdirectories and names for the observables
SubDir f1/. f1_loop

SubDir fl/tree fl _tree

SubDir f1/db f1 db

SubDir f1/dm f1 _dm

# Parameters can be given 1n various ways ...

# 4 to 8 1n steps of 2

Parameter L 4:8:2

# formulae

Parameter T = L

Parameter x0 = T/2

# arrays

Parameter theta [0.0, 0.5, 1.0]

Parameter z [0, 1]

hal9000 | example_project $ ~/pastor-build/codegen/run.py xml/fl_small_L.get



Perturbative Expansion

Now, expand

S(z,y) = S (z,y) + 905 (z,y) + . ..
K(z,y) = KY(z,y) + goK" (z,y) + ...

and perform the gluon Wick contractions.

M. Luscher, P Weisz, 1996.



Perturbative Expansion

Now, expand

S(z,y) = S (z,y) + 905 (z,y) + . ..
K(z,y) = KY(z,y) + goK" (z,y) + ...

and perform the gluon Wick contractions.

We may obtain S (x,y) by solving

m gOD(l)

. ) (S(O) (z,y)

order by order.

05V (w ) +.) = by

M. Luscher, P Weisz, 1996.



Fermion Actions

We assume that the fermion action looks like this

Sp =) cith(a) Tilhi (i, yi) ¥(yi),

()

M(CE,y) — UlUl—1°°°U17 13} ({3 $92]
U; = Us[z],u[z] (.CC[Z]), U—M(m) — Ug(x o :&)7 vV
sig| pli] = xli — 1] —zz], x|0] =y. @(x;w-r el

For a given parallel transporter U(z, y)

the points z|i| define a pathy — =.




Fermion Actions

We assume that the fermion action looks like this

Y
Sp =Y citp(ws) Tildi (w3, yi) ¥(yi).
i T
U(x,y) =UU_1...Uq, 3] e’ - g -+

Ui = Uspiay (i), U—p(@) =Uf(e — ), wr g s

sja) pli] = xli — 1] —«fz],  z[0]

Y. — 4o [4]
X U5

For a given parallel transporter U(z, y)

the points z|i| define a pathy — =.




Parallel Transporters

Each link as a simple expansion,
U, () = exp{go qu(x)} V. (2).



Parallel Transporters

Each link as a simple expansion,
U, () = exp{go qu(x)} V. (2).

... but the whole parallel transporter has not...

1] 1

Z OM(T)'CU?/ Z%CI?W---Z?Q, q1 V1.




Parallel Transporters

Each link as a simple expansion,
U, () = exp{go qu(x)} V. (2).

... but the whole parallel transporter has not...

1] 1

Z OM(T)Qf?J Z%CI?W---Z?Q, q1 V1.

General strategy:

Bring the contributions to a standard form.
Define a multiplication rule and construct /(" link by link.

M. Luscher, P.Weisz, 1 986.A. Hart, G.M. von Hippel, et. al., 2009. S. Takeda, U.Wolff, 2007/.



Data Analysis

An observable with at most a logarithmic divergence looks like this

> a, + b, log I
)=y ===~ I=Lja
n=0

M. Luscher, PWeisz, 1996.

We extract the coefficients using successive fits.
A. Bode, P Weisz, U.Wolff, 2000.

Round-off errors can be estimated using Long doub le precision.



