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Introduction

Maximal SYM Characteristics

D=4 N=4 » Partial or total cancelation of UV divergencies
D=6 N=2 e First UV divergent diagrams arise on L=6/(D-4)
D=8 N=1 e Common structure of integrands

D=10 N=1 e Conformal or dual conformal symmetry

D=4 N=8 Supergravity e On-shell finite up to 8 loops

e Similar to higher dim SYM
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The coupling 9 has dimension |g

The aim: to get all loop exact result at least for the leading divergencies




Spinor-helicity formalism

K= K (a,),, = 0 (R),

(ij) = Eaﬁ(%‘)a(&')g

(] = e“#(X), (%),

Introduction

Ae € SL(2,0)
/] = ()"
[ '
(a“)ad(aﬂ) = Zﬁgﬁg

Lorentz invariant relation: (ij)[ij] = 2k k; = s;;

The object: 4-point helicity amplitudes on mass shell
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Parke-Taylor formula: A,[1*"..i"..
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Universal expansion for any D in maximal SYM due to dual conformal invariance
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R - operation and Recurrence Relations

» In renormalizable theories the leading divergences can be found
from the 1-loop term due to the renormalization group, in particular,
for a single coupling theory the coefficient of 1/¢" in nloops is
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* In non-renormalizable theories the leading divergences can be also
found from 1-loop due to locality and R-operation
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R - operation and Recurrence Relations

* In non-renormalizable theories the leading divergences can be also
found from 1-loop due to locality and R-operation

Allterms like ([ogj?)™ /"

should cancel
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Just like In
renormalizable theories
one can deduce the leading,
subleading, etc divergencies
from 1, 2, etc loop diagrams



Ladder diagrams (leading order)

D=8 N=1 Horizontal boxes AM) — gn=1y

-,,,14,,:——4 1+324,\4 ik, M >3 Ap=1/6 1 loop box



Ladder diagrams (leading order)

D=8 N=1 Horizontal boxes AM) — gn=1y

nA, = A, + e Z ArLA, 1., n>3 A =1/6 1 loop box
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Summation Z A, (—



Ladder diagrams (leading order)

D=8 N=1 Horizontal boxes AN = g4,
n—2
nA, = ——An-1 + = Z ArAp_1-k, n=>3 Al - 1/() 1 Ioop box
Summation Sm(2) = ) An(—2)"
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Ladder diagrams (leading order)

D=8 N=1 Horizontal boxes Alm) — gn=lg
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Ya(z) =— 5/31 B tan(Z/(S\/E))\/% - Sin(z/(8\/1—5) — 20)




Ladder diagrams (leading order)

D=8 N=1 Horizontal boxes A = gn=14
9 9 n—2
nA, = —BA"’_l -+ =] ,Z ALA, 11—k, n>3 A =1/6 1 loop box
=1
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[



All Loop Recurrence Relation
D=8 N=1
s-channelterm S, (s,t) t-channel term T (s,t) T,(s,t) = Sp(t,s)
Exact relation for ALL diagrams
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All Loop Recurrence Relation
D=8 N=1
s-channelterm S, (s,t) t-channel term T, (s,t) T,(s,t) = Sp(t,s)
Exact relation for ALL diagrams

nS,(s,t) / (LL/ dy y(1 —x) (Sp—1(s,t") + Tn-1(8,t")) |t =tz +yu
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summation Ya(s,t,2) = 21(s,t,2) — Sa(s, t)z° + S1(s,t)z, La(s,t,2) = 21(s,t,2) + Si(s, 1)z



All Loop Recurrence Relation

D=8 N=1
T,(s,t)

= Sn(t,s)

s-channel term S, (s,

Ex
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Solutions (leading order)
D=8 N=1

Numerics
q

= Numerical solution 0
[ = Numerical solution 1
| — The ladder sequence

PT series: 15 terms

= Pade approximation [7,6] |
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Ladder diagrams (subleading order)

A . A2 (2 Ay’ (2
Sip =) "B, 2) 4 f ()2 L g )sl(e) = fa(2)
o dz dz
Diff egn 1 P
e ==5+15
B 1 ZA Zi 1 dZA
R2) =55~ 360 T o000 T 15 a2
2321 11 A7 1 923 .
2(2) = ) — ., — N2 - PP IR p— N 3
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Ladder diagrams (subleading order)

, N 42y’ (2 dy (2
Nip =) 2"Bi, '*’.j( ) + f1(2) (%) + f2(2)25p(2) = f3(2)
o dz dz
Diff egn 1 A
e ==5+15
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f5(2) 51512 =4 T 180078 T 5la5 A r'72 A 6700 +1200
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Solutions (subleading order)
Leading divs
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Infinite number of poles

11



Solutions (subleading order)
Leading divs > Subleading divs
ZsB

l Series: 20 terms ]

— Numericalsolution

Infinite number of poles
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Solutions (subleading order)
Leading divs o Subleading divs
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Infinite number of poles at the same position
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Scheme dependence

subleading case

Al + B, = 61((1-{—(?1() AY o _(12(133 —» 2= 2(1 4+ ce).
sub-subleading case
A5 + B; = 5';l' : (1— {—)26-1-2(‘16-}-()6 ) AY ~ —(zzzd?z/A.
—> 2 = 2(1 4 ci€) + 2°cae’.
AY - = fJ‘i (d(i - 12(1(132, ) —> 2= 2(14cr€) + 2°(co + ¢ /4)€?
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Scheme dependence

subleading case

A B = (@) AT =@

d>’y
dz

—p  z—2(1 +@6)

sub-subleading case

O

/ ' S - i . 2 I
A + B, = 31412 (1 126+2(_.1€ +> AY -~ @ T
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~ / 2y y ¢
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- ' : 569 ‘
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Kinematically dependent renormalization

operator kinematically dependent renormalization

at 2 loops ) | S , | )
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g’st

Kinematically dependent renormalization

= g2 <s D + v > this is operator action!

- - e \
\ s N /
\ |'
+ — g*| s |+ 11 |+
\ / \
Three-loop box counterterms Tennis court counterterms
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Conclusions

* The recurrence relations allow to calculate the (sub)leading
UV divergences algebraically starting from 1 and 2 loops

* The structure of UV in non-renormalizable theories
essentially copies that of renormalizable one

* The main difference from renormalizable theories is that the

coupling constant depends on kinematics and acts like
operator
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Thanks for the attention!



