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Motivation

Now we are in this status.

LHC has discovered a Higgs boson which is consistent with SM
prediction.

However, it has not found any signal BSM.

But, It should be somewhere...

Tantalizing question is how and where to find it.




Motivation

Collider peop le have an answer in mind

The ways to find NP signal:

Indirect Search e Direct Search

Low energy observables.

_ Resonances,

Top physics bumps

Higgs physics

(g-2)u, EDM

B physics, FCNC
- EW precision :
Excess in kinematic distribution % Enterlng Into
Jet observables PreC|Slon era

Somewhere else..



Motivation

In order for that, we need to do before and after LHC14 run

* make solid understanding of theory prediction

- Higher order corrections in collider observables.
- Resummation of large logs for given process.
- Better understanding about theory uncertainty

* pin down fundamental parameters

- O(s(MZ),
- mt, mw, Mz,
- mh, VYt, Ahhh, Ahhhh

-2 We easily meet mulﬂloop calculation




Motivation

The aim of this work is

* Analytic separation of IR and UV divergences for given
multiloop diagram.

- Analytic computation has

w pros: Exact, S5 cons: SOmetimes not
Flexible available
Keep analytic property Complicated

- There are numerical methods (Sector Decomposition)
Heinrich, 0803.4177, SecDec, FIESTA

- There is no analytic methods in the market.

* Automatic calculation with computing code.

“Revolution of NLO” = MC@NLO, POWHEG, Blackhat, MCFM...
Automatic calculation beyond NLO is still an open question.




UV IR divergences

Let us consider the process v —qq
ps
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All the UV divs. are eliminated

L)}/ R(‘?l"lOl’l’l’l&[ 1zation.




UV IR divergences

Let us consider the process v —qq

Real Emission

1
— -2 Soft divergence

IR
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p, ~ p, — -2 Collinear divergence

EIR

All the IR divs. are canceled between Virtual correction and ( 3 J
Real emission. = KLN theorem.




UV IR divergences

Dipole subtraction method (NLO)

S. Catani, M. Seymour, (1997), S. Catani, S. Dittmaier, M. Seymour, Z. Trocsanyi (2002)

- Systematic method fov cance[ing IR between

virtual correction and real emission diagrams.

a0 = / [(d”R)e=o— (d"A)e=o] +/ [d"'v'*'/d"{l

m+1 n 1

Antenna subtraction (up to NNLO)
Kosower (1998), Ridder, Gehrmann, Glover (2005)

R s S
donnro = / (doxnLo — doRNLo) +f doxnpo +
d‘t’m+2 d¢m—|—2

Vil Vs.1 Vsl
+ / (dUNNLo - dJNNLO) + f doynpo +
ddg, 41 A1

V.2
+ / doyNLo -
A,

=2 In any case, we need to calculate 1Rs in virtual correction.



Parametrization

* Feynman Parameterization

ql qn

qz\ /

— Divergences arise in hyper-surface S(ki,&) that makes ZPiél=o
& yP

{ * End point singularity

* Pinch surface % * G. Sterman,”Intro to QFT” (1993)
Y

[10])




Parametrization

* alpha Parameterization

ql qn
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=> 1]« - Polynomial of as of total order h.
TETh 14T
V= a,(qg ) > Polynomial of as of total order h+1.
TeTZf%T
| | (11)
-2 W,V are po[ynomm[s of order1 for each variable a.

- On[y enc{—pom_t si.ngu[.au-*i.(y, No pi.nch swface.




Parametrization

For example

AEpES RN

—o Z/(:Cl{1—|_a2—|_(]{3—|—(]{4
] I T V=so,a, +ta,q,

o0 o0 _1 2¢e
F(S,»t;é‘):j; dal---j; da46(za1_1)(al+a2+a3+@4 )

(—t a0, — Sauay, )2+E




Parametrization

Where are UV/IR divergences?

> Searching for denominator to be zero.

F (q1)q21'”lqn;d):

5(204} —1)Hjaff_1

(—1)" >
do, - -da
H F(aj) j; 1 L Z/{_G_Hh_'_l)d/z(_V+uszaj)a_hd/2
: \ J \ J

/ /

UV source IR source

Divergences arise when denominator becomes zero as same
number of alp has with integev power of denominator have

Iaovmdavy values.




Parametrization

For example-1

: 1 1
f do ——— ==
0 (v +i0) €

1 1 1 1 .
f da —— = Iog[—]—log[———l—:O]: —TTi
o (a—1/2+i0) 2 2

- zero denominator with 'nolfl—bou'ndary values of a[p has

gene‘m‘te i‘ﬂflaginary values.




Parametrization

For example-2

1 1
| dayda, L | dayin
0 (al —|—a2) 0

- No div. where the number of a[p has with bobmdary values

14+

Y

+O(e) =2In2 +O(e)

1

that make denominator zero is grea'ter than i'n'tege'r power of

denominator.
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Sector Decomposition

Heinrich, 0803.4177
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- Pevform this decomposiﬁon for the multi-dimensional
hyper—swface of a[p has.

—> Algorithmic. Suitable for numeric calculation.




Separation of IR/UV

We first apply ‘Cheng-Wu’ theorem for all alphas except 1.

_ ( 1) o0 B ua—(h+1)d/21—[ja?_1
] 1_[ F(a)f o j; da@—v+uszcx;)“hd/z

We canrep lace ‘S(ZO‘G —1) with 6(2051} —1) for any
subset Sof alpha variables set. -

Our choice is 6(2 o, —1)— 8oy —1)

“Liberation” : we choose one alpha and make it 1, integrate
from zero to infinity for all the other as.

17
Cost: End point is extended from o to {0,00} [ J




Separation of IR/UV

q,

For examp le, Consider 1 3

Sl :{a1la2}

52 — {a21a3}




Separation of IR/UV

Investigate denominator to find divergences
1
U (—V+UY mia )

Construct a set S that consists of set of alphas that cause
divergences

2 3. Do the variable change,
1. For example ( Y
Oél a3/‘ Oés Q) — 1,00,
S, =1ay, 05} 7 N Q, =110,
S, ={a,, a5} sz |: 054 056 '| Az — 7],
53 — {Of4 ’ Ofs} '\-.\\h_//ﬁ \? Of4 — 773054 ’
1 A5 — 7)5Q5

2. MUltlply by 1= L]:Cdnldnzdnsé('m B %)5(7’}2 B %)5(773 — _as)




Separation of IR/UV

The IR/UV div. are separated as

f dnl dnz dﬂ@(oﬁ — 1)6(()53 — 1)6((]54 —+ O — 1)F(’I’},, Q ,5)
\ / J \ J

A
Dw. part Div. ﬁfee Safeyexpanded N €
After variable change : 7, 5) f dn, — fld&

we use following expansion formula for div. part.

&-1—1-05:@_'_2(0’3) In 6

as k §

_l’_




Analytic Computation

Remaining integrals can be done in terms of GHPLs.

GHPL : Generalized Harmonic Poly-Logarithm func.

x dy i dy Vit dym
G(pl’...’pm;x)zf 1 f 2 ...f
oy, —p,Y°% Y, —p, ° y.,—p,

dyl Y1 dyz Vi1 .
Ex: Li(x)= fo fo y—1_ Glo,0,..,0,1 x)

We are trying to do

1 1 -
d§. = G(b,,,
Jo TT gy =22 100




Separation of IR/UV

Summary

Alpha Make Series
parametrization expansionin €

Investigate
div. and separate
div part.

For given
Multiloop diagram

Integrate each coef.
In temrs of GHPLs




Example

Massless one loop box diagram

4

g, a, B
1 3

V=ta,a; +so,0,

a,
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(—t Q0 — SQLQ, )2+E

After IR separation

Ly =t [(—e)* 1. e
F(s,t;e)= o ['(2+¢) (29 j; 66 (68) 7 (x5 +68)
The result is [ . J
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stle g 3



Example
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Example

Massless two loop diagram

2 4

U= a5 + py0y,
2
V=gq (05505130524 T 000, T a2a4a13)

1

3

There is no div. term.
1

1 !
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Summary

* We propose an analytic method of extracting IR/UV
divergences in multiloop diagrams representing the
results in terms of GHPLs.

* This method is algorithmic and can be automatized with
computer programing

 We are testing massless 2loop 4point function as well as
some massive diagram. We hope to soon make it public.

* This method will be useful for higher order corrections in
this precision era.

[26)




