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High-energy resummation at the FPF

Collinear factorization — well-established formalism, successes in QCD pheno

Enhanced energy single logs in fixed-order description of high-energy (HE) collisions

Convergence of perturbative series spoiled when «,In(s) ~ 1
All-order resummation — BFKL approach at LL: «; In(s)", and NLL: af“ In(s)"
Ultraforward emissions — golden channels to access HE dynamics

of HE resummation <> path to precision studies at the FPF

Parton content of proton at small-x — BFKL UGD, resummed PDFs, small-x TMDs
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## Inclusive hadroproduction of two jets with high prand large rapidity separation, AY

#¢ Moderate x (collinear PDFs), but t-channel pr (HE factorization) — hybrid approach
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#% Inclusive hadroproduction of two jets with high p; and large rapidity separation, AY

-'- Moderate x (collinear PDFs), but t-channel p; (HE factorization) — hybrid approach

Natural do 1 1

Stability L N de - )
dyy dyo d%ky d?ky T,SZq,gi 10 2 fr(x1 mp) fs (X2, 1F)

dGys(X1X28, UF)

dy1 dys 2K, 2k, — —
| jet vertices
(off-shell amplitudes)|

Jet d0ys(X1x28, 1) 1
(k1,91) —
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Strong manifestation of higher-order instabilities via scale variation (;!)

i At natural scales: NLL/LL large, no agreement with data, unphysical values !

"

NLA BFKL corrections to cross section with opposite sign with respect to the
leading order (LO) result and large in absolute value...

¢ ..call for some optimization procedure...
¢ ...choose scales to mimic the most relevant subleading terms

@ BLM [S.J Brodsky, G.P. Lepage, P.B. Mackenzie (1983)]

v’ preserve the conformal invariance of an observable..
v' ..by making vanish its 3o-dependent part

" "Exact’ BLM:
suppress NLOIFs + NLO Kernel [¢-dependent factors

BLM scales, theory vs experiment: CMS @7TeV with symmetric p,-ranges, only!
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Strong manifestation of higher-order instabilities via scale variation (;!)

i At natural scales: NLL/LL large, no agreement with data, unphysical values !

"

NLA BFKL corrections to cross section with opposite sign with respect to the
leading order (LO) result and large in absolute value...

¢ ..call for some optimization procedure...
¢ ...choose scales to mimic the most relevant subleading terms

@ BLM [S.J Brodsky, G.P. Lepage, P.B. Mackenzie (1983)]

v’ preserve the conformal invariance of an observable..
v' ..by making vanish its 3o-dependent part

" "Exact’ BLM:
suppress NLOIFs + NLO Kernel [¢-dependent factors

BLM scales, theory vs experiment: CMS @7TeV with symmetric p,-ranges, only!

pp ™M >t = deBM/de™ ~ 107172 = precision studies hampered

Unsuccessful scale optimization — processes featuring (¢7)
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O Higgs + jet & large transverse masses, partial NLL
& [F. G. C. et al. (2021)]
o
broton(py) - proton(py) = H(|pn,yr) + X 1 jet(1ps], ys)
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Natural stability of the HE resummation

Higgs + jet & large transverse masses, partial NLL

5) ph/CeV]

do_(‘ﬁﬂ‘aA

& [F. G. C. et al. (2021)]

proton(pl) + proton(pz) - H(\pH| Yir) + X + Jet(|pJ\ yJ)

1071 E

1072

[ JETHAD v0.4.2 1/2< C, < 2]
5 97| = |px| (Born); 35 GeV < |j;] < 60 GeV (LLA, NLA)?
\ Y| <255 |yl <4T;AY =yu —y;_
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,\\A‘-::"‘*‘ln N
RS \&\‘ \ MS scheme; MMHT2014 NLO PDF set ;
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Heavy flavor & D*/A_/H, VFNS FFs, full NLL
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o Higgs + jet & large transverse masses, partial NLL Heavy flavor & D*/A_/H, VFNS FFs, full NLL

& [F. G. C. et al. (2021)] & & [F. G. C. et al. (2021)]

i

proton(p:) + proton(ps) = H(|pk|,ym) + X + jet(|pyl, ys) Hy + jet (AY =3;C,=1)
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-- Forward + backward CMS detections: Mueller-Navelet, hadron-jet, di-hadron

‘ yjet ‘ <4.7
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barrel + endcap
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-’- Forward + backward CMS detections: Mueller-Navelet, hadron-jet, di-hadron
& k%J<47

barrel + endcap

‘yhadron‘ <24

barrel

-- Ultra-forward FPF + central ATLAS detections: light mesons + heavy flavor

' FPF+ATLAS
. Coincidence 4
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FPF
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ATLAS barrel
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Light mesons @WFPF + heavy flavor @ATLAS

-’- Forward + backward CMS detections: Mueller-Navelet,

FPF

barrel + endcap

hadron-jet, di-hadron

‘ yjet ‘ <4.7

‘yhadron‘ <24

barrel

#4 Ultra-forward FPF + central ATLAS detections: light mesons + heavy flavor

<y, k<7

‘Mﬁ&ﬁﬂ<24

ATLAS barrel

Hybrid NLL/collinear factorization vs HE-NLO via the J.

L THAD method & [F. G. C. (2021)]

o


https://arxiv.org/abs/2008.07378
https://arxiv.org/abs/2008.07378
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& Inclusive 7~ (FPF) + H, (ATLAS) production

|[F. G. C. (in preparation)]

o

p(P1) + p(P2) = n5(kr,, yz) + X + Hp(k1y, yp)

102 — ———— — —
; —— NLL - MS ——- HE-NLO - MS
—— NLL - MOM ——- HE-NLO - MOM
101k —— NLL* - MS ——- HE-NLO* - MS -
: NLL* - MOM HE-NLO* - MOM
. 10°} Te=SSEESESISsosses=-oo JETHAD v0.4.9
a0 X ﬁ —_— —-—-=:=:=:=:=:=;;;;;;;;;;
I FPF+ATLAS YRS = —
. Coincidence 4 o 10 \
| ’ - MMHT14 + NNFF1.0 + KKSSO7 :
& ]_0—2 g' \/g — ].4: TeV -
;{ : 5 <y <7, |yp| < 2.4 ]
L 0-3l 10 <Kz, /GeV < 20 < k1,/GeV < 60 _
50 55 6.0 6.5 7.0
AY = —
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o Inclusive 7~ (FPF) + H, (ATLAS) production * i Natural stability at work !

|[F. G. C. (in preparation)]

o

p(P1) + p(P2) = n5(kr,, yz) + X + Hp(k1y, yp)

102 — ———— — —
: —— NLL - MS ——- HE-NLO - MS
—— NLL - MOM ——- HE-NLO - MOM
101 ¢ —— NLL* - MS ——- HE-NLO* - MS -
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il ] -
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o Inclusive 7~ (FPF) + H, (ATLAS) production * i Natural stability at work !

[F. G. C. (in preparation)]
» % Scale-variation studies feasible

p(P1) + p(P2) = n5(kr,, yz) + X + Hp(k1y, yp)

102 — — S _ * NLL and HE-NLO clearly disengaged
; —— NLL - MS ——-- HE-NLO - MS ]
- —— NLL - MOM ——- HE-NLO - MOM
101t —— NLL* - MS ——- HE-NLO* - MS -
; NLL* - MOM HE-NLO* - MOM
100k :::::::::::::::::::::::;;;;;;;;;;;;::: ------ JETHAD v0.4.9 ;
I FPF+ATLAS YRS — % _
,, Coincidence g4 o 10 \
| ' - MMHT14 -+ NNFF1.0 + KKSSO7
: 10_25- \/g = 14 TeV
1 r
; 5<yYr <T; |yp| <24
;§ 10-3L 10< kT /GeV < 20 < k1, /GeV < 60
: 50 55 6.0 65 7.0
AY = —
Towards Ym Yb
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o Inclusive 7~ (FPF) + H, (ATLAS) production * i Natural stability at work !

|[F. G. C. (in preparation)]

N % Scale-variation studies feasible

p(P1) + p(P2) = n5(kr,, yz) + X + Hp(k1y, yp)

Studies

102 — I - NLL and HE-NLO clearly disengaged
5 —— NLL - MS ——- HE-NLO - MS
' —— NLL - MOM ——-- HE-NLO - MOM
101 ¢ —— NLL* - MS ——- HE-NLO* - MS 1 S : C L
ol :Z:I:l:l:l:I:Z:I:Z:l::i;!:: ______________ JETHAD v0.4.9 - .
= e T NLL*: NNLL effects via BFKL repres.
 FPF+ATLAS o 4 — o .
L Coincidence ZNBECEE o~ MOM scheme: upper limit (overestimate)
| ' MMHT14 + NNFF1.0 + KKSSO07
102 Vs =14 TeV
10-3 10 < k. /GeV < 20 < k7,/GeV < 60
50 55 60 65 7.0
AY = —
Towards Y b
Precision
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o Inclusive 7~ (FPF) + H, (ATLAS) production * i Natural stability at work !

[F. G. C. (in preparation)]
» %k Scale-variation studies feasible

p(P1) + p(P2) = n5(kr,, yz) + X + Hp(k1y, yp)

102 — — * NLL and HE-NLO clearly disengaged
: —— NLL - MS ——- HE-NLO - MS
— NLL - MOM ——+- HE-NLO - MOM
101 ¢ —— NLL* - MS ——- HE-NLO* - MS 1 : C L
0L === SSZoooToossm—me JETHAD v0.4.9 :
= % e~ NLL*: NNLL effects via BFKL repres.
I FPF+ATLAS ° —— D o .
. Coincidence ZNNCIEN: o~ - MOM scheme: upper limit (overestimate)
| ' - MMHT14 -+ NNFF1.0 + KKSSO7 3
10_25' \/g = 14 TeV E
5 <y-<T |ys| <24 5 * HE resummation plays a key role
105 10 < k1. /GeV < 20 < kg, /GeV < 60 '
50 55 6.0 65 7.0 x
Towards AY =yr —u
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Ptroduction Rapidity distribution @FPF+ATLAS

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

|[FPF Snowmass Whitepaper]

i

p(P1) + p(P) = 7% (pr,, yr) + X + D**(pry, yp)

| NNPDF4.0 + KKKSOS —  NLL - MAPFF1.0
/5 = 14 TeV —— HE-NLO - MAPFF1.0 -
100l 5 <¥r <7 |yp| < 2.4
o) L 10 < pr /GeV < 20 < pr,/GeV < 60
g i
o
]
a0 N 4o
B g0
' FPF+ATLAS ° °
N Coincidence 4
1 JETHAD v0.4.9
; 102 —
= 1.5
B o |
£ 1.0
Towards -
. 0.5
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& Inclusive 7= (FPF) + D' (ATLAS) production * Impact of collinear FFs on AY-distribution

|[FPF Snowmass Whitepaper]

i

* Replica method at work

p(P1) + p(P) = 7% (pr,, yr) + X + D**(pry, yp)
| NNPDF4.0 + KKKSOS —— NLL - MAPFF1.0 |

o) L 10 < pr /GeV < 20 < pr,/GeV < 60
g i
P~
<
I FPF+ATLAS | S 10~
. Coincidence 4
A‘:
1 JETHAD v0.4.9
10~2 S
= 1.5
Q _
£ 10
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& Inclusive 7= (FPF) + D' (ATLAS) production * Impact of collinear FFs on AY-distribution
|[FPF Snowmass Whitepaper]
o * Replica method at work

p(P1) + p(P) = m*(pr,; Yx) + X + D**(pry,, yp)

 NNPDF2.0 + KKKS08 — NLL-MAPFFL.O ). %* Larger spread of replicas at NLL

10 < Pr/GeV <20 < pr,/GeV < 60 E * Probe FFs in complementary ranges

Weight of FF replicas in the same set

' FPF+ATLAS
. Coincidence 4

do/dAY [nb]

Different sets via functional correlation?

| JETHAD v0.4.9 3k
102 S ——
= 1.5 —
q_) i
£ 1.0
Towards o,
. Q0.5
Precision -
Studies
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& Inclusive 7* (FPF) + D'* (ATLAS) production

|[FPF Snowmass Whitepaper]

o

p(P,) + p(Py) — n*(pr.,yx) + X + D**(pr,, yD)

0.6 10 < pr. /GeV < 20 < pr,/GeV < 60
5 <yx <7, |yp|<2.4 ~ NNPDF4.0 + MAPFF1.0 + KKKSO8 -
0.5} AN :
[ Vs = 14 TeV
/N i
NN 0.4_'
%‘ | JETHAD v0.4.9
B 0.37
' FPF+ATLAS _8 0.2+
,, Coincidence 4 :
| | 0.1; — NLL accuracy
- : \\\ AY =5
[ 0.0 SN — AY =7
{ I
- EE—————————————————N
L CU 1.5_ ! . ,
é’ |
= 1.0} - . - -
Towards oy : ia;
Precision O 0.5 . EE— . e
Studies T 2 2 n
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& Inclusive 7* (FPF) + D'* (ATLAS) production * Signals from all azimuthal modes

|[FPF Snowmass Whitepaper]

"

* Easy to be analyzed from data
p(Ps) + p(Py) = ©*(pr,, Yrx) + X + D**(pry,, Yp)

0.6} 10 < pr./GeV < 20 < pr,/GeV < 60 '_ * Multiplicity: PDF/FF effects quenched
5 <yx <7, |yp|<2.4  NNPDF4.0 + MAPFF1.0 + KKKSO08 |
0.5 A :
[ Vs = 14 TeV
"3 0.4f
%‘ | JETHAD v0.4.9
3 0.37
' FPF+ATLAS _8 0.2}
. Coincidence 4 :
| | 0.1; — NLL accuracy
: \\\ AY =5
| oo} N Ay =7
o
k = 1.5 —— ;
S 10— - — -
Towards o) :
Precision L 0.5——— I R ~ e
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& Inclusive 7* (FPF) + D'* (ATLAS) production * Signals from all azimuthal modes

|[FPF Snowmass Whitepaper]

- * Easy to be analyzed from data
p(Pa) + p(B) = 72 (Pry yx) + X + D™ (pry, yp)
0.6[ 10 < pr,/GeV < 20 < pr,/GeV < 60 '_ * Multiplicity: PDF/FF effects quenched
5 <yx <7, |yp|<2.4 ~ NNPDF4.0 + MAPFF1.0 + KKKSO08 |
0.5 AN :
/5 = 14 TeV
S 0.l * Novel and unexpected teatures
g | JETHAD v0.4.9 .
b 03 Peak beavior — re-correlation pattern
' FPF+ATLAS _8 0.2} : : :
. Coincidence 4 | Possible threshold contamination
| 0.1} — NLL accuracy
N AY =5
0.0f \\.,W, B AY =7
S 15—
Sﬁj |
B 10— — -
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Precision L 0.5 b . " B
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& Inclusive 7* (FPF) + D'* (ATLAS) production * Signals from all azimuthal modes

|[FPF Snowmass Whitepaper]

- * Easy to be analyzed from data
p(Pa) + p(B) = 72 (Pry yx) + X + D™ (pry, yp)
0.6[ 10 < pr,/GeV < 20 < pr,/GeV < 60 '_ * Multiplicity: PDF/FF effects quenched
5 <yx <7, |yp|<2.4 ~ NNPDF4.0 + MAPFF1.0 + KKKSO08 |
0.5} - :
/5 = 14 TeV
S 0.l * Novel and unexpected teatures
g | JETHAD v0.4.9 .
b 03 Peak beavior — re-correlation pattern
' FPF+ATLAS _8 0.2} : : :
. Coincidence 4 | Possible threshold contamination
| — 0.1; — NLL accuracy
x AY =5
0.0 T AY =7 * Stringent tests of HE resummation
S 15—
Sﬁj |
B 10— - — %
Towards oy :
Precision L 0.5 b s s B
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Precision

b Studies

Towards new directions

IZ FPF + ATLAS coincidence — high discovery potential of QCD
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