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Introduction and formalism

Based on: Elias Miré6 et al. (EMIR) 2005.06983




What do they study/compute?

® RG running of SMEFT operators. == Anomalous dimensions
Dominated by

(Peskin, Schroeder)

P %4 ny(N)] G (i} M, ) = 0. (12.41)

A
ant TP N353
® Can we compute those coefficients more efficiently with S-matrix

techniques?

® Does massless spinor helicity formalism help?

® How?
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Massless spinor helicity formalism

® When computing UV anomalous dimensions, all SM can be taken as
massless
On-shell massless particle with spin s.

pair of spinors {Ag, Aa }

1
helicity h = +|s|

SL(2,C)
Constrains the power
(1/2,0) (0,1/2) of the spinors in an
amplitude
€@2X1
Invariants and other relations
(A)a(N2)pe® = (12)  and  (M)a(A2)pe® = [12], (2.2)

o~

(pi +p;)° = (i7) [7i] = s3 P = A (o) ga A\
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Form factors

Form factors:

Fo(7) = out (17 O(0) |0) | (1.1)
Callan-Symanzik Eq. for FFs:
. _dCp,
(Maﬂ+7_71H+%) FO(nau):Oa %:dln,u:zj:%jcoj
Dilatation operator and fundamental relation: Dim.Reg.
0 /
D= 2, b o DFO%—ﬂach() = (v — Yir + B,0,) V)

all particles

e imD FO 5 S FO ﬂ_f},) (Caron-Huot and

Wilhelm, 1607.06448)
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Master formula

- 1

T (Caron-Huot and
Wilhelm, 1607.06448)

Minimal Form Factor

S =1+ M % o~
Not fully connected : @ ‘
k

Tree-level SM amp. k+1

\

‘\ = /.
Strategy: Fix the operator on the right, compute, identify the blocks of the
result with other MFFs, get the anomalous dimensions.
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Computing at 1 loop

Based on: Elias Miro et al. 2005.06983




Simplified master formula

. -
(71 O; ‘0>(0) (756 — '}/IR(SU)(U T (n| M & O; ‘0>(0)

Bog :( ALY (20469 (py + po — 1, — py) M(12; 1)) Fp, (123 .. . n)

2—2 scat.: operators with same amount of legs

Rotation trick:

p1+ p2 = p) + p, throughout the whole phase-space integration
N\ cosf  —sinfe’? Al
N, ]\ sinfe ™  cos@ Ao

| 1 2 d /2
Fo,(12...n) (vji —Mrdij) = _1671'2/0 % : 2sinf cos0dd M(1,2;1'2") Fp,(1'2'3 ... n)
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Example without IR divergencies |
Operators: Oy = |H|?|D"H|? O, =|H'D,H|?

Fi(1:2;3347) = 6,07 (14) [14] + 0;6;" (13) [13]

F1(1;2;3;47) = 6;6] (13) [13] + 6.0, (14) [14]

Matrix element:

M (1;2;3;47) = —2X (60, + 6.°6})

Different channels:

1:'1 ‘ 3};! 4;}!
1’5"--. -1 =« ,-—“dk 1?1-..5 .-—-'l"u’-"‘]:;e 1?2-..‘ .‘--I"s’--"-?};
2, O % +4 O S+ 0K
i=7 S-S =4y B3 =7 Se1-7 ~=2; 47 =7 s ap= T2
25 15, 15,
For ', l
]' « « / !/ / / 2)\
T ] dQ [—2X(6067 + 600V [0L5F (U'8) [13] + 640 (1'4) [1'4]] = = [0:6F + 616/ [(13) [13] + (14) [14]

8
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Example without IR divergencies

Final result :
?; 1 27 dgb w/2 . L o
Fo,(12...n) (v — MrOij) = “62 ) 2r ), 2sinf cos0df M(1,2;1'2') F') (1,2,;3;47)
; 4\ . .
Fo;(12...n) (i =mrdi) = 7o [BFLL2;3147) + (2 = V) F(12;347) ]
IR divergencies?
Extracted from literature 2
’u' CcO
fYIR(Sij;“) — ZT?,A | I}A Yecusp 10g s + Z%, ! 3 (224)
i< L i

1 20°TAT Fp, (123 .. .n)
ilo. = — dQy | M(12:1'2")Fp.(1'2'3 ... 1 L2 1O, By collj
O 167 / : ( ( ol "+ sin? @ cos? 6 T z}r: h

Example: gauge mixing for the operators shown before.

ey v skl (12)(34) 232 <15k (12)(34)
M (1,2;3147) = ¢*Y7 6} (1—2<13><24>) +g?YR 8.5 (1—2<23><41>)
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“Easy” 2-loop computations

Based on: Elias Miro et al. 2005.06983




Why “easy”?

® No 1-loop contribution, i.e. the anomalous dimension still corresponds to
the leading single logarithm.

DFy ~ —pud,F

® With the following general form:

BosSoamgosucE
e W

® Where is the extra difficulty?

(v — yr + /Bgag)(l)F(()O)

(12)[12 N cos 0, | —e'? cos 3 sin 2 \
VLT / dQz M(12; 1'2'3’) Fo, (1’2’3'4 ...mn) Ny | = | cosbysinfy e (COS 0 cos By cos B3 — €% sin 5 sin 93) ()\1)
(1672)23! WA sinf; sinfy, e*? (eos 6, cos @5 sin Oy + € cos 5 sin 93) 2

Difficulty doesn’t escalate so much with loops
11.
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y Matrix structure

1-loop

(- )° ()2 () 1

4.1 4.2 4.3 -

3 —e—— 2F2 2GF 1ht —— )27 —— §F
2-loop

N\

T 0207 oy Py
(-]

_, %. 1
(1] O; 0)® (vji = rdig) = = (ft] M @ O; |0)

At 1 loop:

This operator has equal or more legs than this

Based on: Elias Miro et al. 2005.06983



What did the other group do?

Basics of Baratella et al. 2005.07129
and comparison with Elias Miro et al.

13



A philosophical difference

Baratella et al. 2005.07129 Elias Miro et al. 2005.06983

® On-shell amplitudes based, no ® Lagrangian and high dimensional
operators nor Lagrangian. operator based.

® Formula based in amplitudes. ® Formula based in form factors.

But very similar!

. 1

1 Co, - , 0 1

15 A0 (1,2, ) = = g [ dAUIPS 3 Ao,(1,2, 0, 6) x A=, =65, (71| O; 00 (5 = i)V = =
! £1,l2

(7t M @ 0;]0)”

® Base of amplitudes at order E2/A?2 ® Dim. 6 operators
® Restricted to cases without IR div. ¢ Take IR div. from literature

® Cancellations among triangles, ® More straightforward computation.
boxes...
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Looking at those formulas in detail 2=

. . ) 1
_’ 0 ? — 0
o e (i1 0;10)” (i = irdig) ) = == (il M ©,0:(0)™

> pl#0
1=1

Baratella et al.
2005.07129

1 Co,

vij Ao, (1,2,...) = e Co
J 01,62

mn
> =0
=1

Note: This difference is discussed in 2005.07129, where the FFs are used to prove their formula.

1 s
Yii Fo,(1,2,..,n) = —— [ dLIPS Y > Fo,(..., =1, —l2) X As(l2, 41, ...)

473 — =
ext. legs ¢ .09
distrib. 2

DESY. Anomalous dimensions from the S-matrix | DESY Theory Journal Club | Alejo N. Rossia, 15 October 2020

/dLIPS S Ao, (1,2, b b) X As(—r,—0, ).

(18)
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And what’s the practical difference?

Fortunately, they both compute a dipole renormalization.

we + WH €

LCIT B o -

Baratella et al.
wb Wy l

2005.07129 — i

Figure 9: Potential extra contribution from Cys to the anomalous dimension of Cy .. This
should be considered for the anomalous dimension of the form-factor Fwme, Eq. (18) (where

Do+ Pe + pa £ 0), but not when using Eq. (16).

Elias Mir6 et al. ' o _ A
2005.06983 - Q E:lg"’“ BT /dQ?M(li 3; 4 oy vy ) Faa(Txyy 2,)
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Did they get the same?

Baratella et al. Elias Miro et al.
2005.07129 2005.06983
2 2
3939 95y Ne

YGHqd = 16722 C(;;% VeG+—3G — 1671'2/@>

Matching between
amplitudes and operators

What did Baratella et al. compute?

® All 1 loop contributions to: "YW Hle

® Forfree: YGHqd
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Final words

Many more technical details in Appendix slides and in the papers.
EMIR’s method seems easier to generalize and better to attack more loops.
BFP’s approach might be seen as more model independent.
They both end up doing almost identical computations.
BFP’s method avoids some contributions.

No clear way to use BFP’s approach to compute 2-loop corrections with a
non-vanishing 1-loop.

No proposal to compute IR anomalous dimensions in either paper.

2 loop anomalous dimensions matrix for SMEFT seems attainable in the
near future.

More to read: 2005.12917, 1910.05831, 1607.06448, 2005.10261...



Thank you for your attention
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Appendix



Non minimal FFs in EMIR 2005.06983

Appear for mixing between operators with different amount of legs.

Example: dipole renormalization.
-~ ' -~ ' 2, -~ . 2
o O W Ao IR S o Ul I PSRN o WA
3- ' 17 ' 3 37 ' L;

The trick of choosing a convenient basis

You have this integral: —

/dﬂg M (1735 4; oy yy ) Faa (T yy 24)

6772

Rotate the spinors like: (|z), ly)) = R(0,0).(|a), |b))

Define a and b such that: |a) and |b) are on-shell and p, + py = p1 + p3 + p4

A possible choice: |a) = 1)\/ 7134 1b) = (|3)[13] + |4)[14]) !

bl
S13 + S14
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V513 + S14

(2.36)



The elephant in the room of BFP 2005.07129 (I)

The details behind the master formula of BFP 2005.07129
® At 1loop, Passarino-Veltman decomposition:

Aoop = 3O ID 43OV 1P 3T 01 + R
a b c

}

2 . .
(@ _ 1 1 i Contribution to the
b 1672 ( i (—Pg) - ) anomalous dimensions...

...but mixed with IR anomalous dimensions. '/_\
Then: C’o Restrict themselves to

(a)
ViAo, = C "")(‘AO cases without IR part.

How to obtain the bubble coefficients Cg )2 2-cuts!

“(...) 2-cuts (...) are in one-to-one correspondence with bubble coefficients. Each 2-cut picks up a
(@) »

C,.

unique

“(...) in general, 2-cuts can also contain terms coming from triangle and boxes.”
A2.
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The elephant in the room of BFP 2005.07129 (Il)

Dealing with triangles and boxes in BFP 2005.07129
® They prove that, after summing over all 2-cuts, boxes and triangles cancel out from:

1 Co, N e~
Yij ./402.(1,2,...,?1) — _47T3 Cz?’ /dLIPS L L.A@j(...,—ﬁl,—fg) X A4(€2,€1,...)

ext. legs ¢4 62
distrib.

® Even more, if the amplitudes have the same number of legs, there are no boxes nor triangles.

® If you have to deal with boxes and triangles, then it might be useful the alternative formula:

Co, dLIPS dz 1

Vij AO@(L 2, 777’) — 7’@

=l (2), —la(2))x As(la(2), b1(2), ...) .

(22)

ext. legs 2 £2
distrib.

A3.
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