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Perturbative calculations in
Quantum Field Theories
are hard.
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An infinite class of massive
planar Feynman integrals is
Yangian invariant.

[Loebbert, JM, Miiller, Minkler (2020)]

Julian Miczajka 24.09.2020, DESY Virtual Theory Forum



S
S,
-’-

)

b---

]
%
LN
¢

An infinite class of massive
planar Feynman integrals is
Yangian invariant.

[Loebbert, JM, Miiller, Miinkler (2020)]

D D
d”xod ™ xj
- A2a1 A2a2 A2a3 A2a4 2b0
Lo1 o2 o3 Yoa Loo
Region momenta: p; =z — 2/

: ;. g2 D L 2
Massive propagator: T = i + (m; —my)
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Yangian Algebra Y [g]:

[Ja,ij] _ fa,bCJc [Ja’/jb] _ fabcjc

[Drinfel'd (1985)]
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Yangian Algebra Y [g]:

30,0 = fehde 33 = e
[Drinfel'd (1985)]
Representation:
:ZJ? fachJ Jk+ZSJ
i=1 j<k

E.g.: Planar ' =4 SYM has symmetry algebra Y [psu(2,2[4)].

[Dolan, Nappi, Witten (2003)]
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Here, level-zero:

ﬁ?? = —z’@f
THY (- -HAY _ VA
W) b= i(z; 07 — x4 07%)
J N . — H . ._0 | .

TR 2\ Qi ey
KY  =i(x + m7)o; + 225D;.
Well known symmetry of Coulomb branch N/ = 4 SYM!

[Alday, Henn, Plefka, Schuster 2010]
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Here, level-zero:

ﬁ?? = —z’@f
THY (- -HAY _ VA
W) b= i(z; 07 — x4 07%)
J . 3 H . ._0 | .

B (2 2\ 9k ATy
K =i(xi + mj7)0; + 225 D;.

Well known symmetry of Coulomb branch N/ = 4 SYM!

[Alday, Henn, Plefka, Schuster 2010]
Level-one, e.g.

P' = = 3 sign(k—j) (PyDi + Dy L) + 3 5,P)
j.k=1 J=1
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Level-Zero

J°I, =0

(conformal condition) if conformal condition

Level-One
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Level-Zero

JI, =0
lf Z;‘L:1 aj =D

(conformal condition)

if conformal condition

Level-One

Jer =0

JeL, =0
if conformal condition
else f’aIl,r =0
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Conjecture:

\are massless.

All planar Feynman graphs, which are cut along a closed
contour from one of the three regular tilings of the plane,
have massive Yangian Symmetry if all internal propagators

J

Yangian Symmetry

No Yangian

Triangle

Square

Hexagonal

Irregular

[cf. Chicherin, Kazakov, Loebbert,
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Miiller, Zhong 2017]




What do the symmetries imply?

Level-Zero

Integrals are functions of (massive)
dual conformal cross ratios.

;T 4

In, = Vao({ui}),  wij =

2 . 2
i + (my —my)
Level-One

Conformally invariant functions satisfy second
order differential equations in the u;;.

PDE,, 1 ¢({uijt) =0

— Yangian bootstrap!
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Loops | Graphs Dual Conformal Not Dual Conformal
One N-gons Full Yangian All Je
Two Fr-gons Full Yangian pe
All tilings Full Yangian pe
\ y J

P? is independent symmetry!?
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Map back to momentum space: p} = x*'

pe 5 K

Massive Conformal Symmetry

o
Li1q

[cf. Drummond, Henn, Plefka 2009]

~

/ pH 1 P M Qv v
Pj_pj’ L Japj Ja’gj
M. pjyay | M jOm ; —I—?’I;j+18mj_|_1 Aj,

Ho_ 2
K = Pjnu0,, 2D38“
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N =4 SYM Theory

doubly-scaled

~v-deformation

v

Fishnet Theory

[Giirdogan, Kazakov 2016]
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VEV

N =4 SYM Theory » Coulomb Branch
doubly-scaled doubly-scaled
~v-deformation ~v-deformation
v v
Fishnet Theory Massive Fishnet Theory
[Giirdogan, Kazakov 2016] [Loebbert, JM 2020]

generates exactly the square lattice diagrams:

—d = el e g

i

!
—4—-———-i-—————-|—

i

e, i o g

—t = = —
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Conclusions

Yangian symmetry of massive Feynman integrals.
Constrains the functional form of the integrals

Maps to massive generalization of momentum
space conformal symmetry:.

Embedded in integrable massive fishnet theory:.

Reinvastigate integrability of
Coulomb branch N/ =4 SYM theory!
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Backup I: Yangian Bootstrap

2 1\B/2
Imlmg . ai.s” o a2 o (U 1) / ¢('U)
2 T \ I T al a ?
R m+-MT
1 2
where v = m%; Ty Hitig
ALY,

Yangian PDE with 2a =a1 —as — 1, 20 = —a; — as + 1:

[a(a +1) + Uffl] ¢ — 2v¢" + (1 —v?)¢" = 0.
Associated Legendre DGL!
Full solution from boundary data:
o(v) = 2071 P (v).
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Backup II: Massive Fishnet Theory

Starting from Coulomb branch Lagrangian, modify field products:
XY 5 X xY = 3% @ xy
Perform double scaling limit:

g—0, ~;—100, & = ge_%%’ = fixed
For & =&, & = &3 = 0, arrive at
Loy = Netr(—0,X0"X — 0, 20" 7 + X ZX 7
- Nc(ma, — mb)QXabXba — Nc(ma — mb)2Zabea
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