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PRECISION PHYSICS as a powerful probe to NEW PHYSICS
multi-loop results essential for the studies of the HIGGS PROPERTIES

NINLO accuracy required, yet problem unsolved in full generality

AV/AAY D
-

AT TACK THE NNLO PROBLEM

BY ABANDONING DR
FOR A FULLY 4-DIM.APPROACH
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DR

gauge invariant

one regulator
for UV and IR/CL
divergences
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FDR
R '// \ gauge invariant

four one regulator
dimensional for UV and IR/CL
divergences
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e NNLO required, but a general solution is lacking

e oreat potential of FIDR
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hotation partial fraction 1 1 ( m2>
D

- 1 | 2m? | m?
D2 _q4 _ q4D q4D2
N
IR divergent!
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notation add asmall ¢© — @ =¢* — i’ partial fraction 1 _ 1 14 m_2
D = q¢* —m? massU D — D =D — 12 identity D~ g2 D
1 1 | 21m? | m*
—2 4| T 7D T _1R2
D q D 4D
IR safe!
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. 2 —2 2 2
notation add asmall ¢° — ¢ = ¢q" — " | partial fraction 1 1 14 m_2
D:qz—m2 mass M DHE:D_MQ identity D 52 D
1 1 | 2m? | m?
—2 4| T ap T =2
D q D G*D
/ N4
VACUUM BUBBLE FINITE»PART
e divergent in UV * convergent in 4D
* regularin IR * contains all kinematics
* universal
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notation add asmall ¢© — @ =¢* — i’ partial fraction 1 _ 1 14 m_2
D = q¢* —m? massU D — D =D — 12 identity D~ g2 D

2 4

4 1 1 . 2m m
d"¢q]— = lim d46] = T =
2 11— 0 —4D _A47~2
» D q qg-D
/ N/
FDR FINITE PART
INTEGRAL e convergent in 4D

e contains all kinematics
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in UV limit all physical scales are irrelevant with respect to loop
momenta: the diagram behaves as a vacuum bubble!
( ~ Gell-Mall-Low formula )
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() ) Fou

Dimensional

@ <A> @ Renormalization

Order by order

redefinrtion of the vacuum
to absorb infinrties
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(O D For

- Dimensional
@ < > @ Renormalization
Order by order
redefinition of the vacuum
to absorb Infinities
FINITE RENORMALIZATION:  L(p1,...,Pn) < (O‘pr, L Of:fp>
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FDR
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FDR

[ Tl a17({ai}) = Jim / TT d%a: e ({ai}: )

VN

FINITE

only logarithmic dependence on y:
U=HR as renormalization scale
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FDR

[Tl a1rtah) = tim [ T d'a Jr({ain

/ NN

!
JUST AN INTEGRAL! 4D FINITE
* linear
* shift-invariant only logarithmic dependence on y:
® gauge-invariant U=MR as renormalization scale
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GAUGE INVARIANCE
RESPECTED BY CONSTRUCTION

1 1

® Dropagators — 5 = = > >

qg —m g —m=—H simplifications
between
numerator and
o qz coming 62 _ q2 B ,UQ denominator
from Feynman rules
5 5 ) finite

e tensorial reduction 4"¢" g — @ + 1 contributions
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DR VS F

® | ' 2 | 2 2
equivalent at one loop:  logup+=+0C < logu
€
( diagram by diagram )
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DR VS F

' . 2 2 2
* equivalent at one loop:  logur +=+UC < logpu
E .

| 2
( diagram by diagram ) R .

RG egs. unchanged in FDR
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DR VS F

® | ' 2 | 2 2
equivalent at one loop:  logup+=+0C < logu
€
( diagram by diagram )

* completely different at two loops: FDR is simpler .

1 1 1 2 2 2
{—272 log p% s log® % ,Elogu%} log,u | log ¢!

€
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e FDR integral = integral in 4 dim. of the finite part only
* gauge-invariance naturally respected
e infinrties absorbed in the vacuum (not in the Lagrangian)
e only finite renormalization required

e at one loop: FIDR equivalent to DR diagram by diagram
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DR

Can we simply remove the UV poles !
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DR

Can we simply remove the UV poles !

W % oI, 11 )+ 112

L o

€
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DR

X
;
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FDR

o
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FDR

factorizable n-loop integrals

D
[idaidte) ——=; = AB
/[d4q} ~ -3 P17
_6 o
D
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DR

factorizable n-loop integrals

n 1 A_
/dqﬁa— L Ay HeA,
— x O(¢)

n 1 B_ €
/dq—: 1IB()-|-€B1
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FDR

factorizable n-loop integrals

D
[idaidte) ——=; = AB
/[d4q} — - B e
_6 o
D

(n-1)-loop results directly re-usable in n-loop factorizable integrals
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* at =2 loop, no direct correspondence between FIDR and DR

e FDR is better: ® no order by order renormalization

* lower order results directly re-usable
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FIRST 2-LOOP CALCULATION IN F

Amplitude for H — v Inthelimit my,, — 0o

M= Mz (1

Born

V. CPAN Days - Santiago de Compostela, 25th November

My = SN

Born T 3”0

T = it + 9"

adonati@ugr.es



FDR<" 2 LOOP - H 99y CONCLUSIONS

DR

FDR @ NNLO: H - yy

) m
.> -

t

k J

top self energy
AN AN
_’
P1 @
' - - - - - -
:Zé D2
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AV AV

€ q -
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BT DY
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Q1CN
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aS Born 3
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FDR

<L << <A =0

Q. 1C
OCS MBorn — _S—ZT'LW
T
MHY = Mzl |1
T uv v S UV
17" = psypy + 24
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FDR

finite gauge invariant

four one regulator
dimensional for UV and IR/CL
divergences
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NNLO
FDR

Grite / \ gauge invariant

four one regulator
e dimensional for UV and IR/CL
L oy a e divergences v
renormalization
s required | no order by order

renormalization

lower order results needed
directly reusable In
higher loop calculations
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numerical . NNLO
TECHNIGUES FDR

finite
| four

| dimensional |

only a finite \)
“renormalization”
. . no order by order
S required \% S
renormalization
lower order results needed

directly reusable In
hisher loop calculations
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SIMPLIFICATION

> AND

AUTOMATION

numerical . NNLO
TECHNIGUES FDR
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Read more about FDR

JHEP 11 (2012) 151 “A Four Dimensional approach to Quantum Field Theories”
arXiv:1208.5457 - Roberto Pittau -
JHEP 4 (2013) “Gauge Invariance at work in FDR: H—=yy"
arXiv:1302.5668 - Alice M. Donati, Roberto Pittau -

“On the predictivity of non-renormalizable

arXiv:1305.0419 Quantum Field Theories”
- Roberto Pittau -

- "QCD corrections to H—gg"
arXiv:130/.0/705  Roberto Pittal -

“FDR, an easier way to NNLO calculations:

arXiv:1311.3551 a two loop case study”
- Alice M. Donati, Roberto Pittau -
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o notation =P =q —
M and the renormalization scale D=-m? D-D=D—
2m2 | m4
47y ! =2
¢ D gD -
H=HKR

but It can be Interpreted as
the renormalization scale

INDEPENDENT |
| OF THE 3
| UV REGULATOR |

it the infinrty Is logarithmic,
the limit cannot be taken:
a pu-dependence s left
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L. notation =P =q —
2 9 _
u and the renormalization scale D=g—m?| DD =D
INTEGRAL IN
¥ CUT-OFF SCHEME VACUUM

physical! ____
: ‘ q
272 | |
q> (g% + pn?#)?
m2 . 9 ] uv .
:—7;71'2 log—2 _ 1—|_
L4
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the natural scale dependence is only logarithmic

Mg
| ~ D
05 GeV

APlanck
| ~ 44
5 GeV
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IR and CL divergences in massless theories

VIRTUAL REAL

would-be-massless external
momenta are given a mass y
when integrating in the PS

naturally regulated by u

(optical theorem)

vanishing scaleless integrals

0 in FDR i
BO(p27070) H{ """ Q:% --------------
p* =0 1 _1 in DR

€Cir  Cuv
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WHAT GUARANTEES GAUGE INVARIANCE!?

solitary g :a ,u2 must be treated as a C_?Z within an integral

=> correct constant part (rational term)

FDR DR
2 1
/[dQQ] g2 > constant > . x O(€) — constant
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where can we meet a solitary p?

during the TENSORIAL REDUCTION.

tensorial reduction (Passarino-Veltman, OPP, ...) works fine in FDR
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what about the chiral matrix ys?

® all ¥s's should be anticommutated at the
beginning of the string first

® all ¥s’s should be anticommutated next to
the non-conserved current, in closed loops

= ABJ anomaly reproduced in FDR (JHEP[21 1)

\YAVAVAVIR % A
Yo Y5 <V 1q + Ya5
AVAVAVAVERD | U
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an example at 2-loop

1
[d*q1][d*qo] =
/ D2D2q12

1
d"q1d"qp == =

™

L 1n ﬁ— + const. }
V4 ml

o
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