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We present the first double-resummed prediction of the inclusive cross section for the main Higgs
production channel in proton-proton collisions, namely, gluon fusion. Our calculation incorporates to all
orders in perturbation theory two distinct towers of logarithmic corrections which are enhanced,
respectively, at threshold, i.e., large x, and in the high-energy limit, i.e., small x. Large-x logarithms
are resummed to next-to-next-to-next-to-leading logarithmic accuracy, while small-x ones to leading
logarithmic accuracy. The double-resummed cross section is furthermore matched to the state-of-the-art
fixed-order prediction at next-to-next-to-next-to-leading accuracy. We find that double resummation
corrects the Higgs production rate by 2% at the currently explored center-of-mass energy of 13 TeV and its
impact reaches 10% at future circular colliders at 100 TeV.

DOI: 10.1103/PhysRevLett.120.202003

used to determine small-x improved PDFs

ABF method # to stabilize the NLLsx BFKL kernel ©

N3LLix/LLs/N3LO rapidity-inclusive coefficient functions

(b) Single central

“— —

1.1 Higgs production from LHC to FCC

Cy(x @) = B (x. @) + B (x, a,) + AC (x, )



https://inspirehep.net/literature/1631169
https://inspirehep.net/literature/509816
https://inspirehep.net/literature/700779
https://inspirehep.net/literature/1631169
https://inspirehep.net/literature/509816
https://inspirehep.net/literature/700779

Higgs production from LHC to FCC

PHYSICAL REVIEW LETTERS 120, 202003 (2018)

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

—— — — : : ———
N.LO, f.0. PDFs my, = 125 GeV Peve %
ir N°LO, res PDFs = ™= pFH= Ug =my/2 S 0::’:9‘
. . . N*LO+LLx, res PDFs \ OQ,?‘O
Double Resummation for Higgs Production 2:?:‘:3“0”
1.08 [ RIS i
AT 2t f.0. PDFs: NNPDF31sx_nnlo_as 0118 LR
1 ~Marco Bonvini * and Simone Marzani res PDFs: NNPDF31sx_nnlonlix_as_0118 PO 95%e%
INFN, Sezione di Roma 1, Piazzale Aldo Moro 5, 00185 Roma, Italy 106 F “:" "’:‘0 i
2Dipartimem‘o di Fisica, Universita di Genova and INFN, Sezione di Genova, Via Dodecaneso 33, I-16146 Genova, Italy 9 band: PDF uncertainty ’::‘%:::‘0‘0
(o) %
: : pa X 298X
® (Received 26 February 2018; published 16 May 2018) o 1.04F 0’0’:":.:/;/‘:‘% .
- . | - E LIS
We present the first double-resummed prediction of the inclusive cross section for the main Higgs © & ‘Q:Q‘Q,‘;:,‘§:.‘0
production channel in proton-proton collisions, namely, gluon fusion. Our calculation incorporates to all 1.02 ‘.0’0:920:}"0:0:0’ i
. . - A . . SERRLH ALK
orders in perturbation theory two distinct towers of logarithmic corrections which are enhanced, SRR X SPIEK KX
>
respectively, at threshold, i.e., large x, and in the high-energy limit, i.e., small x. Large-x logarithms 1 t‘;:;"” "”
are resummed to next-to-next-to-next-to-leading logarithmic accuracy, while small-x ones to leading )'::;:::0’0’0’
Joganithmic accuracy. The double-Tesummed cross section is iurthermore matched to the state-ob-tae-art 098 B .
¢t fixed-order prediction at next-to-next-to-next-to-leading accuracy. We find that double resummation 3} ' . L .
' corrects the Higgs production rate by 2% at the currently explored center-of-mass energy of 13 TeV and its N~ 00 o o<+ N g
\.impact reaches 10% at future circular colliders at 100 TEV: oo ccreremmmsasomnsens? Vs [TeV] i
DOIL: 10.1103/PhysRevLett.120.202003 -

used to determine small-x improved PDFs

ABF method # to stabilize the NLLsx BFKL kernel ©

N3LLix/LLs/N3LO rapidity-inclusive coefficient functions

(b) Single central

“— —

1.1 Higgs production from LHC to FCC

Cij(x,a5) = C§(x, a,) + ACH(x, a;) + ACH (x, ay)



https://inspirehep.net/literature/1631169
https://inspirehep.net/literature/509816
https://inspirehep.net/literature/700779
https://inspirehep.net/literature/1631169
https://inspirehep.net/literature/509816
https://inspirehep.net/literature/700779

Mueller-Navelet jets at the LHC

%5 Inclusive hadroproduction of two jets with high prand large rapidity separation, AY

#2  Moderate x (collinear PDFs), but t-channel pr | ) — hybrid factorization
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1.2 Mueller-Navelet jets at 7/ TeV LHC
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1.2 Mueller-Navelet jets at 7/ TeV LHC

& python’

+I3 & [F.G.C., Eur. Phys. J.C 81 (2021) 8, 691]



https://arxiv.org/abs/2008.07378
https://arxiv.org/abs/2008.07378

Mueller-Navelet jets & resummation instabillities

ita Strong manifestation of higher-order instabilities via scale variation (;!)

@2 1 At natural scales: NLL/LL ratio large, no agreement with data, unphysical values !
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# Strong manifestation of higher-order instabilities via scale variation (;!)
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From Mueller-Navelet to Higgs and heavy flavor

## Pheno path: hunt for channels leading to a NLL at natural scales (;!)
Heavy flavor at large pr Higgs boson
Stabilizers < gluon fragmentation channels Stabilizers < large Higgs transverse masses
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From Mueller-Navelet to Higgs and heavy flavor

1.3 Natural stability of the NLL series

#% Pheno path: hunt for channels leading to a NLL at natural scales (;!)
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High-energy resummed
HigQgs + jet distributions
from LHC to FCC
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The Higgs + jet spectrum in hybrid factorization
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Higgs + jet highlights from the FCC Week 2022

The high-energy QCD dynamics from Higgstjet correlations at FCC
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Ultraforward
charm + Higgs production
at 14 TeV FPF+ATLAS



High-energy QCD at new-gen Forward Facilities

‘ yjet ‘ <4.7

barrel + endcap

‘yhadron‘ <24

barrel




High-energy QCD at new-gen Forward Facilities

‘ yjet ‘ <4.7

barrel + endcap

‘yhadron‘ <24

barrel
Ultra-forward FPF + central ATLAS detections: single-charmed hadrons + Higgs

d < ‘yD*,AC‘ <7/

FPF
‘yHiggs‘ < 2.5

ATLAS barrel

(charm + Higgs) & [F. G. C. et al., Phys. Rev. D 105 (2022) 11, 114054]
(light mesons + heavy flavor) & [F. G. C., Phys. Rev. D 105 (2022) 11, 114008]
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Benefits of natural stability from LHC to FPF

Mueller-Navelet jets
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NLL accurate predictions

matched 1o NLO
via the JETHAD Methoad
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; Precision corrections expected
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; Precision corrections expected, but hybrid factorization predicts large deviations from f.o. !




Matching NLL to NLO with JETHAD

; Precision corrections expected < need for an accurate NLL-to-NLO Matching procedure !

#  JETHAD Method — NLL/NLO analytic (exact = BFKL kernel + impact factors) Matching

4.1 NLL/NLO matching via JETHAD



Matching NLL to NLO with JETHAD

; Precision corrections expected < need for an accurate NLL-to-NLO Matching procedure !

#  JETHAD Method — NLL/NLO analytic (exact = BFKL kernel + impact factors) Matching
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4.1 NLL/NLO matching via JETHAD



Matching NLL to NLO with JETHAD

; Precision corrections expected < need for an accurate NLL-to-NLO Matching procedure !

#  JETHAD Method — NLL/NLO analytic (exact = BFKL kernel + impact factors) Matching

doMENED(AY, 9, 5) = do"P(AY, @, )
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NLL J!

~THAD + removal of NLO double counting

4.1 NLL/NLO matching via JETHAD




Matching NLL to NLO with JETHAD

; Precision corrections expected < need for an accurate NLL-to-NLO Matching procedure !

#  JETHAD Method — NLL/NLO analytic (exact = BFKL kernel + impact factors) Matching

doNEREOAY, 0, 5) = doO(AY,p,s) + doHAY,@p,s) — Ado“EEREOAY ¢ s)

NLO POWHEG w/0o PS NLL JETHAD + removal of NLO double counting

HELL + ggHiggs
N3|_|_Ix/|_|_sx/N3|_O

Inclusive Higgs

& [M. Bonvini, S. Marzani (2018)]
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4.1 NLL/NLO matching via JETHAD
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NLL to NLO with JETHAD

Matching

; Precision corrections expected < need for an accurate NLL-to-NLO Matching procedure !

#  JETHAD Method — NLL/NLO analytic (exact = BFKL kernel + impact factors) Matching

doNEREOAY, 0, 5) = doO(AY,p,s) + doHAY,@p,s) — Ado“EEREOAY ¢ s)

NLO POWH.

G w/0o PS NLL JETHAD + removal of NLO double counting

HELL + ggHiggs
N3|_|_Ix/|_|_sx/N3|_O

Inclusive Higgs

& [M. Bonvini, S. Marzani (2018)]
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4.1 NLL/NLO matching via JETHAD

HEJ framework

LLsx/LO
Higgs + jet(s)

& [J. R. Andersen et al. (2022)]
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Matching NLL to NLO with JETHAD

; Precision corrections expected < need for an accurate NLL-to-NLO Matching procedure !

#  JETHAD Method — NLL/NLO analytic (exact = BFKL kernel + impact factors) Matching

doNEREOAY, 0, 5) = doO(AY,p,s) + doHAY,@p,s) — Ado“EEREOAY ¢ s)

NLO POWHEG w/0o PS NLL JETHAD + removal of NLO double counting

HELL + ggHiggs HEJ framework + MCFM-8. 3
N3LLix/LLsx/N3LO LLsx/LO /NLO
Inclusive Higgs Higgs + jet(s) Higgs + jet
& [M. Bonvini, S. Marzani (2018)] & [J.R. Andersen et al. (2022)] & [P. F. Monni et al. (2020)]
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4.1 NLL/NLO matching via JETHAD
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The Higgs + jet spectrum from POWHEG + JETHAD
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Small-x and large-x enhancement from PDFs
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Effect of collinear improvement on NLO impact factors to be gauged

(Hybrid kr factorization at NLO) & [A. Van Hameren, L. Motyka, G. Zarko (2022)] ®
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Paving the way toward precision

M Semi-inclusive Higgs + jet as novel probe for High-Energy QCD

M Encouraging statistics for rapidity & transverse-momentum distributions

M Fairstability under NLL corrections

Checkpoints & perspectives




Paving the way toward precision

M Semi-inclusive Higgs + jet as novel probe for High-Energy QCD

M Encouraging statistics for rapidity & transverse-momentum distributions

M Fairstability under NLL corrections

[] Precisionstudies < NLL/NLO Matching via the JETHAD Method

[ Transversal formalism as underlying staging for several resummations

] Full NLL/NLO analysis: NLO Higgs impact factor & jet-algorithm selection

[] Systematic uncertainties: top & bottom masses, PDF impact

Checkpoints & perspectives
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INnclusive Higgs + jet at the LHC

&4 Inclusive h.p. of a Higgs + jet system with high p,, and large rapidity separation, AY

#2  Large energy scales expected to stabilize the high-energy resummed series
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INnclusive Higgs + jet at the LHC

&4 Inclusive h.p. of a Higgs + jet system with high p,, and large rapidity separation, AY

#2  Large energy scales expected to stabilize the high-energy resummed series

| nggs vertex |
Co+ Yy 2cos(ng)Cy,|e (off-shell amplitude)] |

do 1
dxydx; d|pg| dlpl\d@HdCP] (271)2

_ n=1 1|

| Jet vertex ‘
© = Qy— @] — T ﬂ(off shell amplitude) |

q/9(wap2)




INnclusive Higgs + jet at the LHC

%+ Inclusive h.p. of a Higgs + jet system with high p. and large rapidity separation, Ay

#% Large energy scales expected to stabilize the high-energy resummed series

1
|

do 1 -
dxydx; d|pg| dlpl\d@HdCP] (271)2

| nggs vertexk “
‘ (off-shell amplitude) ’.

e |




Azimuthal-angle multiplicity

1 do(AY, s) 1

c T dv = 5= 142 Z cos(np){cos(ny))

n=1

Mueller-Navelet jets
& [B. Ducloué, L. Szymanowski, S. Wallon, Phys.Rev.Lett. 112 (2014) 082003]
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Azimuthal-angle multiplicity
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Mueller-Navelet jets Higgs + jet
& [B. Ducloué, L. Szymanowski, S. Wallon, Phys.Rev.Lett. 112 (2014) 082003] (figure below) & [F. G. C. et al., Eur. Phys. J. C 81 (2021) 4, 293]
(figure below) & [F. G. C., A. Papa (2022)] (NLO Higgs) & [F. G. C. et al., JHEP 08 (2022) 092]
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A Y-distribution
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Angular correlations in the infinite top-mass limit
R.o(AY,s) = C,/Cy = (cosny)

Mueller-Navelet jets
& [B. Ducloué, L. Szymanowski, S. Wallon, Phys.Rev.Lett. 112 (2014) 082003]
(figure below) & [F. G. C., Eur. Phys. J. C 81 (2021) 8, 691]
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Angular correlations in the infinite top-mass limit
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& [B. Ducloué, L. Szymanowski, S. Wallon, Phys.Rev.Lett. 112 (2014) 082003]

(figure below) & [F. G. C., Eur. Phys. J. C 81 (2021) 8, 691]
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Higgs transverse-momentum distribution for (M, — + o0)
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Heavy-light hadrons



From Mueller-Navelet jets to bound states

Di-hadron and hadron-jet correlations

Inclusive di-hadron production Inclusive hadron-jet production
[D.Yu. Ivanov, A. Papa (2012)] (NLO forward-hadron impact factor) [A.D. Bolognino, FGC., DYu. lvanov, MM A. Mohammed, A. Papa (2018)]
[F.G.C., DYu. lvanov, B. Murdaca, A. Papa (2016, 2017)] [F.G.C. (in preparation)]
I)T =, K=, p(p) 1)T =, K=, p(p)
(K1, 41) (k1 41)
€I > I %

™, K=, p(p)
P2 (K2, y2) p2

¢ NLO impact factors known = full NLA BFKL analysis feasible
o PDFs + FFs at work (both), hadrons at smaller rapidities than jets (di-hadron)
& genuine asymmetric cuts in transverse momenta (hadron-jet)

Francesco Giovanni Celiberto BFKL vs DGLAP in semi-hard processes June 17th, 2020

& [F. G. C., Eur. Phys. J. C 81 (2021) 8, 691]
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From light to heavy-light bound states

A, baryons

& [F. G.C.etal., Eur. Phys. J. C (2021) 8, 780]
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From light to heavy-light bound states

Light-hadron+jet: higher-order instabilities via scale variation, as in Mueller-Navelet (;!)

A, baryons Bottom-flavored hadrons

& [F. G.C.etal., Eur. Phys. J. C (2021) 8, 780] & [F. G.C. etal., Phys.Rev. D 104 (2021) 11, 114007]
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From light to heavy-light bound states

Light-hadron+jet: higher-order instabilities via scale variation, as in Mueller-Navelet (;!)

A, baryons Bottom-flavored hadrons

& [F. G.C.etal., Eur. Phys. J. C (2021) 8, 780] & [F. G.C. etal., Phys.Rev. D 104 (2021) 11, 114007]

Hy + jet (AY =3;C, =1)

PTOtOH(Pl) + pI‘OtOH(P2) — H(pHmyfh) + X + H(pH27yH2>

104 : ' ' I T T T T
i MS scheme LLA - A Ik NLA
103k MMHT14 + KKSS19/AKK0S S LLA-AW) . i
: NLA - Aci L 120 o~
1/2<C, <2 o [800 ol
. RSy P4 0 4, | [T
o . \\m 80 >
> e 180 ]
S 60 BREE i
_ o T50 S
L SN 0 y 5
| _ o 10
10~ 10 GeV < PH,Hy < le — 10 QA
0 <Q
< 2.0
Y, 11, JETHAD vO0.4.4 \
1 O —2 1 ) ) ) 1 ) ) ) 1 ) ) ) 1 ) ) ) 1 ! . Y 4
1. 2. 2. . . 3
’ : AY :5yH - y?;fo " o [GGV/ e 10t
1 2

as a tool to investigate high-energy dynamics of QCD
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Rapidity distributions @FPF+ATLAS

Inclusive z* (FPF) + D'* (ATLAS) production
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Inclusive z* (FPF) + D'* (ATLAS) production
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Rapidity distributions @FPF+ATLAS

[FPF Snowmass Whitepaper]

. NNPDF4.0 + KKKSO08
Vs = 14 TeV

5<yr<T |ypl <24

p(P) 4+ p(P) = 7% (pr,, Yr) + X + D**(pry, yp)

—— NLL - MAPFF1.0
—— HE-NLO - MAPFF1.0

* |Impact of collinear FFs on AY-distribution

* Replica method at work




Rapidity distributions @FPF+ATLAS

Inclusive z* (FPF) + D'* (ATLAS) production

[FPF Snowmass Whitepaper]

p(P1)+p(P2) _> ﬂ-:l:(pva yw) 'I' X _|_ D*i(pTDa yD)
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- /5 =14 TeV — HE-NLO - MAPFF1.0 |

100__ o < Yn < 77 |yD| < 24
L 10 < pr./GeV < 20 < pr,/GeV < 60
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Impact of collinear FFs on AY-distribution
Replica method at work
Larger spread of replicas at NLL

Probe FFs in complementary ranges
Weight of FF replicas in the same set

Different sets via functional correlation?
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Stabllizing effects of heavy-flavor fragmentation

& [S. Albino et al., Nucl. Phys. B 803 (2008) 42-104]
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Stabllizing effects of heavy-flavor fragmentation

& [S. Albino et al., Nucl. Phys. B 803 (2008) 42-104]
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& [S. Albino et al., Nucl. Phys. B 803 (2008) 42-104]

Stabllizing effects of heavy-flavor fragmentation
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Stabllizing effects of heavy-flavor fragmentation

& [B. A.Kniehl et al., Phys. Rev. D 101 (2020) 11, 114021]
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- Stabilization mechanism encoded in the heavy-flavor gluon FF
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Vector quarkonium from single-parton fragmentation

(1) ; Let us consider J/y and Y at large py — single-parton fragmentation from NRQCD !
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p(Pa) -+ p(Pb) — H(pH19yH1) + X + H(sza sz)
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| -
S /s = 13 TeV
] i
%f- = MMHT14 + VFNS FFs
20 < pr, /GeV < 60; 35 < pr,/GeV < 60
i |yH1| < 2.4; |yH2| < 4.7
O

& [F. G.C.etal, Eur. Phys. J. C 81 (2021) 8, 780]

AY — yH1 — yH2

Backup|

& [F. G. C., M. Fucilla, Eur. Phys. J. C 82 (2022) 10, 929]
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Vector quarkonium + jet at the LHC

p(Pa) + p(B) = J/¥(po,yo) + X + jet(p, ys) p(P) + p(Bs) = Y (po,yo) + X + jet(ps,ys)

10%¢ : 104, )
- JETHAD v0.4.7 — C, =1 — C, =10 | ; JETHAD v0.4.7 — C, =1 — C, =10 :
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_ | MMHT14 + ZCW19™
10%¢

| 2| |
NLA BFKL 10% /5 =13 Tev NLA BFKL °

10* E MS scheme

251 | E
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100? Vs =13 TeV J/l// _I_ Jet 100? Y + Je't _
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lyol| < 2.4; |yg| < 4.7 lyo| < 2.4; |ys| < 4.7
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& [F. G. C., M. Fucilla, Eur. Phys. J. C 82 (2022) 10, 929]
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Charmed B-mesons from single-parton fragmentation

(2) ; Let us consider Bc(lSO) and Bc(351) at large pr — single-parton fragmentation from NRQCD'!

do /(o dy)

p(pa) + P(py) = B**(la1], v1) + X + jet(|qz|, y2)

7

6

5

1NN

o
— T

60 < |g1]/GeV < 120; 50 < |g2|/GeV < 120

yil < 245 |yl < 47 MMHT14 + ZCFW22 -
L /s = 14 TeV 1/2<Cu<2‘:
[ JETHAD v0.4.9 NLL/NLO |
| 1 AY =1 -

——————

| S — |

(NLO heavy quark) & [X. Zheng et al., Phys. Rev. D 100 (2019) 3, 034004]

(NLO gluon) & [X. Zheng et al., JHEP 05 (2022) 034]

p(pa) + P(py) — B (|q1],y1) + X + jet(|qz|, y2)

7
60 < |q1]/GeV < 120; 50 < |g2|/GeV < 120
6 | .
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~ | 1
2 4
b | JETHAD v0.4.9 HE-NLO
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—TT —u 0 5 7y
=1 —P2— T

& [F. G. C., under revision (2022)]
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Charmed B-mesons + jet at the HL-LHC

B*(1S,) collinear FFs

B(-Jf emission

X104
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B*T emission
x 104 ¢

B*(°S,) collinear FFs
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& [F. G. C., under revision (2022)]
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Charmed B-mesons + jet at the HL-LHC

B*(1S,) + b-hadron B*(S,) + jet

p(pa) + p(pb) — BUE(|qul, yl) + X+ ”Hb(\qz\,yz) p(pa) + p(pb) — B(*)i(\ql\ y1) + X + jet(|qz|, y2)
10° . . . : 103 ——— ——

; 150 LL/LO 351 LL/LO : ;
B 1S, - NLL/NLO 3G, - NLL/NLO -
10%¢ 1S, - HE-NLO 36; - HENLO 10°

60 < |qu|/GeV < 120
50 < |g2|/GeV < 120 -

JETHAD v0.4.9 °

MMHT14 + ZCFW22 + KKSSO7
JETHAD v0.4.9
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do/dAY [pb]
2

do/dAY [pb]
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1.5I | I2.OI | I2.5I | I3.OI | I3.5I | I4.OI | o 2 III 3 III 4 III 5 III 6 |
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& [F. G. C., under revision (2022)]
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do/dAY [pb]

ratio
e

=
e

Bci(lS()) n jeJ[ AY =y — y>

& [F. G. C., under revision (2022)]

Charmed B-mesons + jet at the HL-LHC

P(Pa) + P(Pe) = B (@], v1) + X + jet(|ga|, y2)

JETHAD v0.4.9 NLL/NLO
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P(Pa) + P(Py) = BXE(lauls y1) + X + jet(|gzl; y2)
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Basics of BFKL



The high-energy resummation

Gluon Reggeization in perturbative QCD

¢ Gluon quantum numbers in the t-channel: 8~ representation

¢ Regge limit; s ~ —u — oo, t not growing with s

' . u ; x (qZ)__l
— amplitudes governed by gluon Reggeization — D, = lg;tzv (SSO) )

feature all-order resummation:  LLA [ (Ins)"] + NLA [oc’s’l“(ms)”]

consequence

> factorization of elastic and real part of inelastic amplitudes

example

» Elastic scattering process: A +B — A’ + B’

A = = Al _

q jit)=1+w(t), j0)=1
w(t) — Reggeized gluon trajectory

M4 = S(A'ITIA) 44 — PPRvertex

B > > B’ T¢ — fundamental (g) or adjoint (g)

@ QCD is the unique SM theory where all elementary particles reggeize
@ Possible extensions: N=4 SYM, AdS/CFT....

Francesco Giovanni Celiberto BFKL vs DGLAP in semi-hard processes June 17th, 2020




The high-energy resummation

@ BFKL resummation: [VS. Fadin, E.AA. Kuraev, LN. Lipatov (1975, 1976, 1977); Y. Balitskii, LN. Lipatov (1978)]
based on . “
> gluon Reggeization

leading logarithmic approximation (LL): «”(lns)™

A= 5 'é + :.n: + 4+ ... + > i I TR
~ 8 ~ s (asIns) ~ s (as Ins)?
next-to-leading logarithmic approximation (NLL): o1 (lns)”
: . Jms{f[ﬁg .

Total cross sectionfor A+B — X o4p(s) = . < optical theorem

» Ims { A48} factorization:

convolution of the Green'’s function
of two interacting Reggeized gluons
with the impact factors of the
colliding particles

Green’'s function is process-independent, describes energy dependence and
obeys BFKL equation; impact factors are known in the NLL just for few processes

Francesco Giovanni Celiberto From Mueller-Navelet jets to | / W -plus-jet production January 14th, 2020




The high-energy resummation

@ Green's function is process-independent and takes care of the energy
dependence

—  determined through the BFKL equation
[Ya.Ya. Balitskii, V.S. Fadin, E.A. Kuraev, L.N. Lipatov (1975)]

W Geo (71, 50) = 5P2(F — @) +JdD—2qK(71,7) Ge (7,71)

91* +Q1—q
CI1+ +Q1—q

CI2+ +Q2_q
Q2+ +QZ_(J

Francesco Giovanni Celiberto BFKL vs DGLAP in semi-hard processes June 17th, 2020




The high-energy resummation

@ Impact factors are process-dependent and A
depend on the hard scale, but not on the energy
—  known in the NLA just for few processes

¢ colliding partons

[V.S. Fadin, R. Fiore, M.I. Kotsky, A. Papa (2000)]
[M. Ciafaloni, G. Rodrigo (2000)]

o v — V,withV = pY w, ¢, forward case
[D.Yu. lvanov, M.l. Kotsky, A. Papa (2004)]

¢ forward jet production

[J. Bartels, D. Colferai, G.P. Vacca (2003
(exact IF) [F. Caporale, D.Yu. Ivanov, B. Murdaca, A. Papa, A. Perri (2012
(small-cone IF) [D.Yu. lvanov, A. Papa (2012

]
]
]
(several jet algorithms discussed) [D. Colferai, A. Niccoli (2015)]

S SN S SN

¢ forward identified hadron production

[D.Yu. lvanov, A. Papa (2012)]

*

oY —Y
[J. Bartels et al. (2001), |. Balitsky, G.A. Chirilli (2011, 2013)]

Francesco Giovanni Celiberto BFKL vs DGLAP in semi-hard processes June 17th, 2020




The high-energy resummation

BFKL in the LLA(I)

Inelastic scattering process A+B — A+ B+mn inthe LLA

A— —
* di
g1
. 1 4 . —
%iéﬁl (in qu:+1) — é@’m gi multi-Regge kinematics
Jn
12 B
i 7 " w (£;) W (t;41)
AB+n __ c P; . S; 1 1 41 o
ReAyp™" =2s rAlA (H Yeiciqq (i Giv1) (g) ti) -~ ( . ) rBB+
i=1

P.
Yeleo, (9 9iv1) — RRG vertex

sg  — energy scale, irrelevant in the LLA

Francesco Giovanni Celiberto BFKL vs DGLAP in semi-hard processes June 17th, 2020




The high-energy resummation

BFKL in the LLA (ll)

Elastic amplitude A+ B — A’ + B’ in the LLA via s-channel unitarity

qi :
s qi+1 *ér@’ﬁ

dn+1 é ; q;z+1
. : R

PB PB!

AGE =N (AR . R =1(singlet), 8 (octet),...
R

The 8~ color representation is important for the bootstrap, i.e. the consistency
between the above amplitude and that with one Reggeized gluon exchange

Francesco Giovanni Celiberto BFKL vs DGLAP in semi-hard processes June 17th, 2020




The high-energy resummation

dD 5 dD 5 6+iood w

B S /A S ) o w (s LS

fm, (A4) = s | = D4 (71.50) 05 (5o J —Zm.(s()) Go (1. 7)
d—100

@ Green's function is process-independent and takes care of the energy
dependence

—  determined through the BFKL equation
[Ya.Ya. Balitskii, V.S. Fadin, E.A. Kuraev, L.N. Lipatov (1975)]

@ Impact factors are process-dependent and A
depend on the hard scale, but not on the energy

——  known in the NLA just for few processes

@ Successful tests of NLA BFKL in the Mueller—-Navelet channel with the
advent of the LHC: nevertheless, new BFKL-sensitive observables as well as
more exclusive final-state reactions are needed (di-hadron, hadron-jet,
heavy-quark pair, multi-jet, production processes,...)

(MN jets) [B. Ducloue, L. Szymanowski, S. Wallon (2014); F.G.C., D.Yu. lvanov, B. Murdaca, A. Papa (2015, 20106)]

(di-hadron) [FG.C., DYu. Ivanov, B. Murdaca, A. Papa (2016, 2017)]

(four-jet) [F. Caporale, FG.C., G. Chachamis, A. Sabio Vera (2016)]

(multi-jet) F. Caporale, FG.C., G. Chachamis, D. Gordo Gomez, A. Sabio Vera (2016, 2017, 2017)]

(heavy-quark pair) [F.G.C., DYu. lvanov, B. Murdaca, A. Papa (2018); A.D. Bolognino, F.G.C., DYu. lvanov, M. Fucilla, A. Papa (2018)]
(hadron-jet) [M.M.A. Mohammed, MD thesis (2018); A.D. Bolognino, F.G.C., DYu. lvanov, MM.A. Mohammed, A. Papa (2018)]

Francesco Giovanni Celiberto BFKL vs DGLAP in semi-hard processes June 17th, 2020




Hybrid factorization at work

Forward-jet impact factor

@ take the impact factors for colliding partons
[V.S. Fadin, R. Fiore, M.I. Kotsky, A. Papa (2000)]
M. Ciafaloni and G. Rodrigo (2000)]

Ip1 IpP1

)

qi 1q

quark vertex gluon vertex

@ “open’ one of the integrations over the phase space of the intermediate state
to allow one parton to generate the jet

(xjph EJ)
IpP1 [ : X
74

quark jet vertex gluon jet vertex

@ use QCD collinear factoriz: ) ,_ -fs ® lquark vertex] + f; ® Igluon vertex

Francesco Giovanni Celiberto BFKL vs DGLAP in semi-hard processes June 17th, 2020




Forward-Higgs LO impact factor




Forward-Higgs NLO-RG impact factor




Forward-jet NLO-RG impact factor




Inclusive Higgs+jet: NLL/NLO* azimuthal coefficients
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