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Motivation: Higgs production at small-x

Higgs production at hadron colliders is dominated by gluon fusion gg — H:
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Motivation: Higgs production at small-x

Higgs production at hadron colliders is dominated by gluon fusion gg — H

Inclusive cross section in the collinear factorization
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Motivation: Higgs production at small-x

Higgs production at hadron colliders is dominated by gluon fusion gg — H

Inclusive cross section in the collinear factorization

1 dx dz T m2 .
o(r, mH)—UO mH Z / 1/ —c < A,D‘.S»TH>fi (001 Mp)f] (12=M§r>~
ij—q,9 Jxq T2 T1T2 1
With
m¥

-
; /s = collider energy; = =
S

Ilwz;
ki =xip"; p" = P(1,0,0,1)
® Higher /s =>smaller z1 2 and z
® Small-z logs ¥ log™(1/x) grow and must be resummed
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Gluon PDFs at small-z

Higgs production provides a direct probe of gluon dinamics.

MMHT14 NNLO, Q? = 10* GeV?

1.2 - .
zf(x, Q%) ]
'r ] ® The gluon PDF rises steeply at small-z;
08 [ ] ® Increasing collider energies to probe progressively
1 smaller momentum fractions z;
0.6 [ ] ® Higgs production becomes increasingly sensitive to this
] region;
04 F 1 ® |arge logarithms spoil fixed-order perturbation theory
] 1
0.2 f | o log™ =
\ ]
= A_r—./ . ] ® These logarithms must be resummed to all orders.
0.0001  0.001 0.01 0.1 1

T

[Harland-Lang et al., “Parton distributions in the LHC era: MMHT 2014 PDFs"]
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Where does the small-z resummation enter?

o=) Cij®[;® [
ij

® Universal;
o P o
(= L B ® Scale dependence described by DGLAP evolution;
° in high- I ithms; - .
ez (03 e-:nerg-y ogarithms; o ® Resummed by fitting them with resummed
® Resummed using high-energy factorization. anomalous dimensions ;; and DIS coefficient
functions.

Both ingredients are required for a consistent small-z prediction.
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Small-z resummation ingredients

o PDF resummation — NNPDF31sx global, @ = 100 GeV
, B3
® Resummation enhances the gluon =
PDF g(z, Q) at very small-z; <
X
® This effect is universal and enters b e TS %
. . ~ -
every process involving those PDFs. ~ \
<}
® |mportant impact already at LHC, X §
much larger at FCC-hh. =
0.8
NV NNLO
s NNLO+NLLx
07 Ll il v d il
10°° 107° 104 1073 1072 107t 10°

X

[Ball et al., “Parton distributions with small-x resummation: evidence for BFKL dynamics.in"HERA data”]
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Small-z resummation ingredients

e C;; resummation: resummation of the
partonic coefficient functions —

® Computed in high-energy,
k¢-factorization;

® Incoming gluons carry transverse
momentum and are therefore
off-shell;

® Resums LLx logs to all orders at
partonic level.

gg channel
6 T T T T
— NLO
\. = = * NLO+LL (w NLL anom.dim.)
51 X NLO+LL (w LL'anom.dim.)
S
4 my =125 GeV A
[JF=[JR=mH/2
~
z o I
(& B
N 27 X ~ b
~
~, S
. -
1F > 1
—=a
~_/
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Inclusive Higgs production : impact of small-x resummation

ggH production cross section --- effect of small-x resummation

al Ngtg fo. g'g’f;s my, = 125 GeV
. , res g - - =l =
N3LO+LLx, res PDFs —— Hr =Hp=my/2
1.08 [ ) . .
f.0. PDFs: NNPDF31sx_nnlo_as_0118 |nc|us|ve Cross section of g9 — H
res PDFs: NNPDF31sx_nnlonlix_as_0118
1.06 [ T [ ] 1 i
9 band: PDF uncertainty The effect grows with collider energy and reaches
E2 the ~ 10% level at FCC-hh energies;
2 ® At the LHC the effect is smaller;
1.02 b . . . ..
X RS ® The dominant contribution originates from PDF
SERLLLR .
1 W resummation.
0.98 [ 4
N~ © o o< ~ o
2 - « =]
Vs [TeV] -
[Bonvini and Marzani, “Double Resummation for Higgs Production”]
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Going differential

Study the Higgs distribution differential in rapidity and transverse momentum:

do
dY dg?’
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Going differential

Study the Higgs distribution differential in rapidity and transverse momentum:

do
dY dg?’

[ i (it o 52
deq 2 ) ) ) ) ) /LQF‘
T _ T _ -
x i (\/;ey yw%) fi (\/ge v ”,u%)
1,2 = ”%G:l:(Y—y) — % = T1T2.

In collinear factorization:
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Differential small-z resummation

To resum the small-z logarithms of the partonic coefficient function, we use high-energy k;-factorization.

dgt / / / k / d d ( ,k 7kt ’m 72t)
X Fg (\/:7’ 77kt1).;g(\/776 (Y n)7kt2)

The incoming gluons carry transverse momentum and are off shell:

Key idea

k' = zipt + kL.

This representation provides the starting point for LL, resummation of the differential coefficient function.
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Differential small-x resummation: the HELL approach

The ki-dependent gluon PDF can be related to the collinear PDFs through the introduction of the DGLAP
evolutor:

fg(mka):‘/z (iz gg(z kt>MF)fJ( 7MF)
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Differential small-x resummation: the HELL approach

The ki-dependent gluon PDF can be related to the collinear PDFs through the introduction of the DGLAP
evolutor:

dz
]:g(-rka):/ P gg(z ktn“/F)fj( 7N‘F>
The DGLAP evolutor
o N-1 2 2 K d,u2 2
[ e bty = exp [, (V. 0)
0

o3

The resummed anomalous dimension 44 encodes all small-x logarithms.
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Resummed differential coefficient function

The differential coefficient function is obtained by convoluting the off-shell hard process with two evolution

factors:
Cog (o mly, g2 e, H —/mdk2 /mde /1%/d‘
dydqtg 'Y, H>qt, s, /L% - o t1 o t2 . 2 m

dc . (T S
s W(Zay_,rh ktzlakt227m%17qt2)Ugg (\/;e],k?hll,%*) Ugg (\/;6 ]7k?27ll’%‘>

Off-shell hard process Small-z evolutor

dC U’
-7 5 99
dn dg?
Built from the resummed anomalous dimension 4.

Computed with off-shell incoming gluons, including
the full quark-mass dependence.
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A resummed differential coefficient function

dCreg/dy/day? [arbitrary units]
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For each point in the differential
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T

T
dCreg/dy/day?

T

T
x =107
gt = 20 GeV
og = 0.12

0 1 2 3
y
dCyq
phase space, we compute dy da?
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Higgs differential cross section

Result for NLO+LL, resummation

Double differential Higgs cross section as a function of the hadronic rapidity Y, for fixed ¢ = 20 GeV.

Higgs production, qt=20 GeV , at LHC 13 TeV, using NNPDF31sx
50 T T T T T T T T T

Ni
45 |~ small-x NLO T
— NLO + LL with FO PDFs e N,

my? do/dY/dq.? [pb]

® LO is proportional to d(q:);

® Resummation effect is a reduction to the fixed order cross section;
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Finite quark-mass effects

The higgs production cross section (both inclusive and differential) computation is known up to N3LO in the
heavy-top EFT;

°* EFT:
g
my — 00;
,,,,,,, H And the EFT does not reproduce the correct
high-energy behavior;
g

® Small-x resummation therefore requires finite quark-mass dependence:

*

g

T t,b,c
————————— H
The small-z limit and the heavy-top EFT limit do not
g commute.
ka2

Here the quark-mass dependence is retained in the partonic amplitude before resummation.
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Where larger small-z effects are expected?

The Higgs distribution

do s s /1 dac/ C; ( T y_,> ( 7 _(Y_”)
-3 (7 Y, q) = — [ d yy) i - v £ - v
deqtg(T my, Y, q;) T%: s Y dyda? @ w)fi {4/, fi{y/ 3¢
w12 =/ Tetr=w),
z

Unlike inclusive kinematics, the coefficient function has non-trivial phase-space constraints from the 2— 1 physics. In particular the integral
in x gets an upper limit:

_
T+ (L2

T < Tmax =

At large ¢;:
® Tmax~ 1: integration probes all x; ® integral probes only small partonic z;
® the dominant effect originates from the ® coefficient-function resummation becomes

resummed PDFs. visible.

Benedetta Bernardini

Differential Higgs at small-x



Conclusions

Small-z resummation in the HELL language extended to fully differential Higgs production;

® Higgs production probes gluon dynamics at very small-z;

Differential observables highlight where resummation is most relevant

Identify quantitatively the regions dominated by PDF vs coefficient-function resummation.

® Combine with NNLO finite-mass differential predictions as they become available.

Thank you for your attention!
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Backup slides
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Small-z resummation-backup

_ 2 . . .
Impact of resummation, defining z = Qs , with s the energy of the collider squared and Q? the invariant mass of
the different production cases.

x | Higgs | ZW | Drell-Yan | cc
LHC(13TeV) 10~* 5x107° | ~107° | ~1077
FCC-hh (100TeV) | 1.5x107¢ | 8 x 1077 | ~107® | ~107°

In the case of Higgs production a;log(1/z) = 1.1.
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HELL implementation

Small-x resummation in HELL code is done via the definition

! C !
Fo(N,k?) = (Ureg(N, k7, %) + 6(k2)) fo (17) + FZU@W’ ki, i) fa (1)

Since U, (N, k?, u3.) is not a regular function is preferred to use Uleg(N, k7, u%). Then one can separate the
different contributions to Cyq introducing the definition of auxiliary and regular functions

2 2 2
w k k
Chreg <N, as, §> = /d%ﬂd%zc (N, —tL 2 ,a5>U,’eg(N, k1 13 ) Uleg (N, K2y, 1305
mH mH mH

2 2
k
Caux (N,as,'uF> = /kotlc <N,mt§,0,as> Ur/eg(N,kgl,,u%).

2
My H
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Where larger small-z resummation effects are expected?

The Higgs distribution

do , y /1 dac/ dacy; ( A ) ( T oo >>
-3 (7 Y, q) = — [ d sy lfi ) = V) Fi e Y
deqtg (r,my ;) Tizj = ydydq? (z,9)f 1‘,6 fi me
T1,2 =4/ Tetv-w),
x

Detail on the rapidity dependence

At central rapidity Y At large rapidity |Y|
® The incoming momentum fractions are ® Configurations where one incoming gluon carries
approximately symmetric: very small-x.

® Small-z enhancement competes with suppression of

X1 ~ I2. 5
the opposite large-x leg.
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Resummation effect

Heavy quark pair production at LHC 13 TeV, using NNPDF31sx

5 T T T T T T T
- Lo m=4.6 GeV
45| ) =2GeV T
. ~——— LO+LL with Res PDFs pt=2Ge
—— NLO+LL with Res PDFs
o 4T 1
|
e 35 E
N-—
g af .
>
]
g2sr i
] - TTTTTEsssmmmmmmmm TR - -
2| - -~ u
o . ~
15 i
1 ___________________________________________
0‘5 1 1 1 1 1 1 1
-6 -4 2 0 2 4 6
Y

[Silvetti and Bonvini, “Differential heavy quark pair production at small x”]
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