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Hadron collision and factorization

X1X2

04-u(T ag) = zabjf dx1dx2fa(x1 Mp)fb (xz:ﬂF)aab—)H( - ) A, MF)

o hadronic cross section

. f4, f8 PDFs

« 0 partonic cross section

e X1, X9 4-momentum fractions

e T= M%’/s fraction of hadronic energy
used to produce the Higgs

« Z= E fraction of partonic energy used

to produce the Higgs
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Soft gluons and big logs

Cancellation of
(1-2z)p soft divergences

1 . : 1
o ag—, singular ‘ aSL dz a7, < agln(1l — 1)
P s >

1 InfF~1(1-2z
1 1 cré‘f dz ( )
< ak singular ‘ T -z /],
S1-z4 T 1-2;’
Py ¥ ¥ ¥ o o (asIn(1—1))*

Z1...ZKPp

a,In(1-1) = 0(1) (a;In(1—1)k=0(0)

l Perturbative series is spoiled

RESUMMATION is needed
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RG and soft resummation

Re-organising the perturbative series

| Mellin-space factorization
o(N, M) = LN, 12)6 (N, M3/u? a5 (u?)) 1 HARD scale: M
1 SOFT scale: M7 /N?
Luminosity: £ = fQf

Il Physical anomalous dimension

d Ino
d In M?

y(N, M%) = is RG-invariant

lll Soft singularities factorization

6O°(N,MZ,al,¢€) = 6°°( M2, al,e)6%(MZ/N?,al, €)

Resummed formula

| Mm% [ M Ndn (Midk? %
o N;F:“S(ﬂz) =0-C N:F:“S(M%I) Xexp[fl _f Fg aS T

n

n

nu?
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Multi-scale resummation

2 HARD scales 2 SOFT scales

2 2 2 2
° ©2 Q2N =&, A3 =2

lll Soft singularities factorization

6O(N,Q%,Q3,a2,¢) = 6°¢(Q%,Q3,a,€)6°4(A3(Q%,N), a?,€)6°2(A5(Q3,N),al, €)

2-scale resummed formula

[ . Q% Q% [ Q% @3
N @) | =0 Nz as(?) | x
N dn @1 dk? 2 N® dn 93 dK? 2
an [(Ftax” k an (“zak” k
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Rapidity distribution

H ~/ > pr is invariant under z-boosts
RN . p, is not: additional difficulty
Piio
> ’ < Instead of p,, we choose to fix

the longitudinal rapidity

1 Ey+
Y = =1n H Pz
2 EH Pz

Rate of Higgs production at FIXED longitudinal rapidity Y

d"“*” (, Y)—Z J dxydx; f4(x)fp (xz) ’TH( : ‘Y_llnx_l)

dy X1X 2 x
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Rapidity distribution

Lab/Hadronic frame

Partonic frame

Rate of Higgs production at FIXED longitudinal rapidity Y

d"“*” (, Y)—Z J dxydx, 5 (x1)f} (x2) afﬁH( : ‘Y_llnx_l)

dy X1X 2 x
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Mellin-Fourier and Mellin-Mellin

d"“*” (1, Y)—Z ﬂ daxydo, (1) f (x2) afﬁH( : ‘Y_llnx_l)

dy X1X 2 x

Mellin f," deeV='[ ] l Fourier [*"d e™"[ ]

Factorization in Mellin-Fourier space

doy gy _Z A M\ .M\ do AB—>H

Convenient variables o Nt

Factorization in Mellin-Mellin space

(N1:N2)—Z falN)f (Nz) S;QH(NLNz)
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Kinematic thresholds

DOUBLY SOFT region (Catani, Trentadue)
The partonic energy is approaching its minimum My
No more energy for the Higgs rapidity y — 0
No more energy for extra radiation — soft gluons

M
z=—'->1 EEE) 5-0

Zq1 ™ 1 and Zy — 1, b|g lan, lnNZ

Z A
1
A
/| \\ ~0:5
7 | NN
7
// \\
--""-—" | | \h"""-.
1 0 1 ~

0 05 1.z,

| |
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Kinematic thresholds

SINGLY SOFT region (our contribution)
The partonic energy is fixed, the rapidity is approaching its maximum y,
All the energy is used for the Higgs rapidity
No more energy for extra radiation — soft and collinear gluons

z fixed and y - 1Yy, z, — 1 and z, fixed, big In N4

Z VA

—0:5

e

—
-"l--

1

P

y

0

0.

| |
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Phase space and scales

Factorizing SOFT and COLLINEAR emissions

dQpim+1 = quz dp,1(P1,P2:9,. Ky, ..., k) X

x f Ak )2dy (@ P k) d@m(K'; K oy )

d(pn+1~M§(1 — max z;)° SOFT scale

i=1,2

de,,~M%(1—2z,)(1—2z,) COLLINEAR scale

dif’“\n—k 1 dif’“\? dipm—!— 1

\
/ q K

p1
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Resummation formulas

DOUBLY SOFT (z; » 1,2, > 1)

HARD scale SOFT scale COLLINEAR scale
M# Mfl(l = {n;i-l)zczl)z Mi(1 = z)(1 = 2;)
M3/(NyN,)

Mﬁ/(maxN)
NB. y-0

1=1,2

M2 M2
6| N{,N,, Z,as(uz) =0° ﬂz,as(M)

Mii dk? N1N2 dn (Midk? _ 2
ool |V L o) [ (o)

SOFT becomes subleading COLLINEAR becomes SOFT
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Resummation formulas

SINGLY SOFT (z; — 1, z, fixed)

HARD scale SOFT scale COLLINEAR scale
Mz and Mz (1 — z,) Mz (1 — z,)? MZ(1—z,)(1 — z,)
M} and M7 /N, M%/N? M2/ (NyN,)

R M% M%/N [ M2
G<N1: ﬂ;’, };2 zras(ﬂz)) -7 (ﬂ_g’as(M%I))

Nt dn (M dKk2 2 NiNz2 gp (Mi/Nz gj2 2
an (FHdAR" k an ak” k
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Conclusions: past, present and future

- Phase space + RG => Resummation

. pr-distribution case known v

. Rapidity doubly soft checked v

. Rapidity singly soft derived v

» Apply to fully differential distributions
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Thank you for your attention
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Factorization in Mellin-Fourier space

do 1 1 do T 1 x
vy (t,Y) fo dxyfo(xq) lexsz (x2) dy (xlxz'y Zlnxz)
1
1 Yo 1 x do
B Jf dxy dx; dz f5(x1)f} (x7) dy 6(t — x1x,2)8 Y——1“_1_7 = (z,y)
0 —Yo 2 X dy
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From (Z, ?) to (Zl,Zz)

do M M\ do

— — fA " | B R ab

dy(N,M) fa(N+Lz)fb(N zz) & (N, M)
do

M M\ 1 Yo o
= fA (N+ iE) ff(N— iE)L dz zV-1 _dy etMy d;b (z,y)
=Yo

Variable change

(Zl = \/Ee?,ZZ = \/Ee:j]) and (Nl =N + i%,Nz =N — i%)

1 1 =~
— 1 do b
= FANDFEND) | dz 21 |z 2 T )

d

= f‘g(Nﬂfg(Nz)%;b(NpNz)

Lorenzo De Ros UNIMI




Plus distributions (total cross section)

Definition of plus distribution

1 1
fo dx[f (0], gx) = fo dx F() (g(x) — g(1))

Mellin transform of plus distributions

1 1
f dxxV1f(x)],; = f dx (xV-1-1) f(x)
0 0

Mellin transform of typical contributions

1 k 1 N-1
In*(1—x X -1
f dx xN-1 [ ( )] =f dx Ink(1 —x) =
0 1-x |, 0 1—x

k

1
B B d
de(x” 1)1 —x)" 1=d_nk

dk
=d_17’c

o3
-

n=0 n=0
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Plus distributions (rapidity distribution)

Inclusive cross section

In*(1 — 2) l big logarithms
1-2z L

InkN

Rapidity distributions
difficult to obtain big logs

In"N and In"M

[lnk(l Z) and [lnp(l u)]

l

where ¢ = Lrcos@ M is not the conjugate of u
1 y does not range in [0, 1]
[‘“k(l—Zﬂ] nd [ln”(l zZ)] easier to obtain big logs
1_Zl 1 Zy

In*¥N, and In?N,
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Drell-Yan example

Drell-Yan NLO
Ngg _8 _7°
R 1+Z[6(u)+6(1—u)]
_ 2
[6(1 -2)(20, —4) +4[ln(1 2) —2(1+2)In(1—-2) — 1tz Inz+1-— z}
1—2z N 1—2z

8 z° (1-—2)? 1+2z% /1 1
+§1+z(1+ ~ u(1—u))[[1_z]+(u++[1_u]+)—2(1—z)]
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Higgs example

Higgs production NLO

Ngg

5 11 In(1-2)
=§5(u(1—u>)[6(1—z)(6@+7)“2[ =3

Inz
—12z(z2 —z+2)In(1 — z) — 6(z% — z + 1)? - _Z]

1 1
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