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The high-energy resummation

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

Convergence of perturbative series spoiled when a,lIn(s) ~ 1

All-order resummation — BFKL approach at LLA: «; In(s)", and NLA: «, Hn(s)"

Golden channels — diffractive semi-hard reactions: s> {Q%} > Ay

HE resum. — essential ingredient to study production mechanisms of particles

Parton content of proton at small-x — BFKL UGD, resummed PDFs, small-x TMDs
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The BFKL resummation

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

based on

> gluon Reggeization

: : : : : | . .
i leading logarithmic approximation (LLA): «”?(lns)
Higgs + jet
A= 1 | + It + +eo ]+ ek s | -
>
~ 8 ~ s (asIn s) ~ s (as Ins)?
next-to-leading logarithmic approximation (NLA): o1 (lns)"
Resummed
distributions : . jms{ﬂﬁg :
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
Closing colliding particles
statements

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

D2 D2 6—|—iood w

5 B - B - w [ S -

Im; (A) = (27T)D—2J 0712(11 (DAWLSO)J 722% Dp(—q2.50) J 5ot <5> Gw (1. 42)
d—1i00

@ 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. Ducloué, L. Szymanowski, S. Wallon (2014); F.G.C., D.Yu. lvanov, B. Murdaca, A. Papa (2015, 2016)]

(di-hadron) [F.G.C., D.Yu. lvanov, B. Murdaca, A. Papa (2016, 2017)]

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

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

(heavy-quark pair) [F.G.C,, D.Yu. Ivanov, B. Murdaca, A. Papa (2018); A.D. Bolognino, F.G.C., DYu. lvanov, M. Fucilla, A. Papa (2018)
)

|
(hadron-jet) IM.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
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## Inclusive hadroproduction of two jets with high p, and large rapidity separation, Y

#¥# Moderate x (collinear PDFs), but t-channel pr (HE factorization) — hybrid approach

. 1
Inclusive d o

1
Higgs + jet = del dez fr(x1, ur) fs (x2, Lf)
dyr dyo 42k, 42K, m;g )7 S

d0ys(x1X28, Ur)
dy, dy, d2k, d2k,
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-'- Moderate x (collinear PDFs), but t-channel p; (HE factorization) — hybrid approach

1 1

Inclusive
: : do J
Higgs + jet S = E dx1 dez fr(x1, ur) fs (x2, Lf)
dydp bk, o)) S

dGys(X1X28, UF)
dyq dy, d2ky d2k;

et dé—r,s (X128, H) 1
(k1, 1) —

dyl d]/z dzla d2E2 B (27-()2
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## Inclusive hadroproduction of two jets with high p, and large rapidity separation, Y

#¥# Moderate x (collinear PDFs), but t-channel pr (HE factorization) — hybrid approach

. 1 1
Inclusive do

. . dGys(X1X28, UF)
Higgs + jet = E del dez fr(x1, up) fs (%2, pp) ———o—5
dyy dya d*ky d?ky 7, b dy1 dyo d°kq d°ky Tetvertices ]

; ﬂ(off-shell amplitudes) Jl
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#s Possibility to define infrared-safe observables and constrain PDFs

## Theory vs experiment: CMS @7TeV with symmetric p,-ranges, only!

Inclusive

Higgs + jet .‘- LHC kinematic domain in between the sectors described by BFKL and DGLAP

s ¢  Clearer manifestations of high-energy signatures expected at increasing energies

L

el

2¢: Need for more exclusive final states as well as more sensitive observables
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Mueller-Navelet jets: theory vs experiment

Strong manifestation of higher-order

instabilities via scale variation (j!)

Possibility to define infrared-safe observables and constrain PDFs

Theory vs experiment: CMS @7TeV with symmetric p,-ranges, only!

LHC kinematic domain in between the sectors described by BFKL and DGLAP
Clearer manifestations of high-energy signatures expected at increasing energies

Need for more exclusive final states as well as more sensitive observables

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 3-dependent part

" "Exact’ BLM:

suppress NLOIFs + NLO Kernel g-dependent factors
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Y ## Inclusive h.p. of a Higgs + jet system with high prand large rapidity separation, AY

-- Large energy scales expected to stabilize the high-energy resummed series
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o ## Inclusive h.p. of a Higgs + jet system with high prand large rapidity separation, AY

-°' Large energy scales expected to stabilize the high-energy resummed series

\1)

do 1

| ﬂ Higgs verf:’
dxydxy d|py| dipjldepde; — (271)2

(off -shell amplltude) |

=QPH— QP — T

jet vertex
ﬂ (off shell amplltude) |

b1 ~
doys(X1X2S, W) 1

dyrr dyy e ) (270)2
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| ’ -°° Inclusive h.p. of a Higgs + jet system with high p; and large rapidity separation, AY
ie¢s Large energy scales expected to stabilize the high-energy resummed series
do L e 2costne) €, o
cos(n *
dx1dx; d|PH\d|P]|d(pHd(p] (271)% _ ! — P "_ (off- Shellamplltude)
P =PHr—P;— 7 - jet vertex
{ ﬂ (off-shell amplitude) |
| — A
é dO—T,S (.Xlxzs, LL) o 1
dyp dyy Pp 5 (2m)2
Resummed dqu |
distributions % J V ( 71,50, X1, PH) e
5]1
0 y J5+ZOO dw (x1x25>w
| 5—ico 27T\ SO
' d*q, . ,
. X J_,—Z V](S)(qQ S0, X2 p]) @
1>
Closing |
statements jet
b (P, ys)
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Inclusive Higgs + jet: azimuthal coefficients

/4 dxldxz d|PH|d|P]|d(PHd(P]

| (r 1

=P — P — 7T

P1

Higgs vertex |
g (off -shell amplltude) |

}i

jet vertex ‘
H (off-shell amplltude) Jl

dGys(x1x28, W) 1

dyp dyy @py 25— (27)?

2
xjd(h\?
5]1

(91.50.x1.Pg) ©
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Imax Imax Imax Imax

Py P Yg Y
o Ch(AY,s) = / d|pH]| d|p] dyH/ dy; 0y —ys — AY) C,

min min min min
S 1ozproton(p1) + proton(ps) — H([pu|,yu) + X + jet(|ps|,ys)
: S LLA 3
. agevmmetric n.. rance | @ |\E= NLA
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— Ruo(AY,s) = Cpn/Cy = (cosnyp)

Mueller-Navelet jets
& [B. Ducloué, L. Szymanowski, S. Wallon (2014)]

& (figure below) & [F. G. C. (2020)]
L proton(p;) + proton(pz) — jet(ks1,vs1) + X + jet(kr2,Y2)
- 35 GeV < Ky12 < lirjj%}i/[s
1.0F |yJ,1,2| < 4.7 A
6 | V5 =1T7TeV :
N 0.8_'
o
QO
| 06 /i/
S
. O-
' Resummed 5 04F PDFALHCLS NLO (100 repl
,, distributions 4 < (100 replicas)

- ' BLM MS

0.2t I NLA BFKL
Q | I LLA BFKL
¢ CMS data JETHAD v0.2.7
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Y Rno(AY,5) = Cn/Co

(cos ny)

Ny
Mueller-Navelet jets Higgs + jet
& [B. Ducloué, L. Szymanowski, S. Wallon (2014)]
- (figure below) & [F. G. C. (2020)]
. proton(p;) + proton(ps) — jet(ks1,y51) + X + jet(kr2, ys2) proton(pl) + proton(pg) — H(|ﬁH|,yH) + X + jet(|ﬁ]‘, yJ)
. ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 1.2 - - T - - ' T ' ' ' T ' ' ' T ' ' ' T ' '
_ o - LLA '
- 35 GeV < Ky12 < K J CMS NLA 1/2 < C'u < 2 |
1.0k |yJ,1,2| < 4.7 A 10k 20 GeV < ‘ﬁH,J‘ < 60 GeV i
_ ' =TTV | j lyu| < 2.55 |yg| <47 ]
QO <l ' S .l '
O | ®
I o -1 ook NN g :
w 9 S- S- R
' Resummed 2l OOEALHCTE NLO (1 ! £z ol T ]
|, distributions ¢ A ’ (100 replicas) = \
0.2r B NLA BFKL . 02F _
0 - BN LLA BFKL : | M5 scheme
| 3§ CMS data JETHAD v0.2.7 | | MMHT2014 NLO PDF set JETHAD v0.4.2
00l
Y AY =yy —yy
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— Ruo(AY,5) = Cp/Co = (cosnep)

Mueller-Navelet jets
& [B. Ducloué, L. Szymanowski, S. Wallon (2014)]

- (figure below) & [F. G. C. (2020)]
s proton(p;) + proton(pz) — jet(ks1,ys1) + X + jet(k2,ys2)
- PDF4ALHC15 NLO (100 replicas) 35 GeV < k12 < KjGMs |
1.0F BLM MS Y2l <47 -
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\ 08 B
Q|
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T i
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Azimuthal correlations: C,/C, = (cos2¢)

Rno(AY,s) = C,/Co = (cosnyp)
Mueller-Navelet jets

& [B. Ducloué, L. Szymanowski, S. Wallon (2014)]

Higgs + jet
(figure below) & [F. G. C. (2020)]

proton(pi) + proton(pa) — jet(ks1,ys1) + X + jet(kr2,y72) proton(p;) + proton(pz) — H(|pu|,yr) + X + jet(|ps|,ys)
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 2 - - T ' ' ' T ' ' ' T ' ' ' T : : : ' :

1.2 1. -
| max ' S LLA -
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_ 3 _
O O \ lyn| < 255 |y <47 -
| i | NN _ ]
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s i P N\ \\(\
- - - NN
@\ I N N
e 5 04t \ .
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i
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| almost back to-baek em1ss1ons
' Sudakov-type double logs |

75| = |7u| (Born); 35 GeV < [p] < 60 GeV (LLA, NLA)

MS scheme: MMHT2014 NLO PDF Set—?

yu| < 2.5; [ys| <AT; AY = yu —y,.
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Inclusive Higgs + jet as new semi-hard probe for BFKL

Partial NLA BFKL accuracy: NLA kernel + LO IFs + NLO RG

Encouraging statistics for rapidity and py-distributions

Fair stability under higher-order corrections
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Closing statements

Inclusive Higgs + jet as new semi-hard probe for BFKL

Partial NLA BFKL accuracy: NLA kernel + LO IFs + NLO RG

Encouraging statistics for rapidity and py-distributions

Fair stability under higher-order corrections

Feasibility of precision measurements to be gauged

Full NLA BFKL analysis: NLO Higgs IF & jet-algorithm selection

Distributions as underlying staging tor several resummations

Transversal formalism to encode distinct resummations
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High-energy QCD at colliders: semi-hard
reactions and unintegrated gluon densities

Letter of Interest for SnowMass 2021

Francesco G. Celiberto ?*, Michael Fucilla 348, Dmitry Yu. Ivanov >°,

Mohammed M.A. Mohammed 3*, and Alessandro Papa 341

The search for evidence of New Physics is in the viewfinder of current and forthcoming
analyses at the Large Hadron Collider (LHC) and at future hadron, lepton and lepton-
hadron colliders. This is the best time to shore up our knowledge of strong interactions
though, the high luminosity and the record energies reachable widening the horizons of
kinematic sectors uninvestigated so far. A broad class of processes, called diffractive semsa-
hard reactions [1], i.e where the scale hierarchy, s > {Q°} > A%p (s is the squared
center-of-mass energy, {@Q)} a (set of) hard scale(s) characteristic of the process and Agcp
the QCD scale), is stringently preserved, gives us a faultless chance to test perturbative
QCD in new and quite original ways. Here, a genuine fixed-order treatment based on

f | [ L |

%k skok

the description of an increasing number of hadronic and lepto-hadronic reactions at the
LHC and at new-generation colliders, like the Electron-Ion Collider (EIC). At the same
time, the BFKL resummation serves as a tool to address more general aspects of QCD,
from the hadronic structure to other resummations and to the production mechanism of
hadronic bound states. We believe that the inclusion of these topics in the SnowMass
2021 scientific program would accelerate progress of our understanding of both formal
and phenomenological aspects of strong interactions at high energies.
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|

/ d°k

Parton Distribution Functions

PDFs 1D

s ———

| Backup ” 18




Mapping

the proton content

cup|

Back




Ptroduction The high-energy resummation

1 & " ’
R Motivation

Gluon Reggeization in perturbative QCD

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

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

e (g%)—1
Inclusive — amplitudes governed by gluon Reggeization — D, = —i%%Y (S ) $

Higgs + jet g .
eare, all-order resummation:  LLA [ (Ins)"] + NLA [aT1(lns)"]

consequence

> factorization of elastic and real part of inelastic amplitudes

example

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

A > > A o C - i j(t) S j(t) ] )
Resummed (‘AS )AB = g4 (jt) — (j) B’B
distributions - -
q ) =1+w(t), jO)=1
w(t) — Reggeized gluon trajectory
M9 4 = §(A|TC|A)Ty o — PPRvertex
B > > B’ T¢ — fundamental () or adjoint ()
Closin @ QCD is the unique SM theory where all elementary particles reggeize
IR @ Possible extensions: N=4 SYM, AdS/CFT...

Francesco Giovanni Celiberto BFKL vs DGLAP in semi-hard processes June 17th, 2020
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Ptroduction The high-energy resummation

&

R Motivation

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

. : dependence
nclusive
Higgs + jet ——  determined through the BFKL equation
[Ya.Ya. Balitskii, V.S. Fadin, E.A. Kuraev, L.N. Lipatov (1975)]
w G (71.72) = P2 (71 — 72) +Jd“q1<(o71,q’) G (7.71)
d1 + +Q1 —
Resummed
distributions 0 + * @ —4q
7 + M —q
e Z%E éqlqﬂL
G
%* *%—q
q2 + +€12 —
Closing
statements

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

Backup




Ptroduction The high-energy resummation

. & "a '
R Motivation g

@ 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

Inclusive
Higgs + jet ¢ colliding partons
[V.S. Fadin, R. Fiore, M.I. Kotsky, A. Papa (2000)]
[M. Ciafaloni, G. Rodrigo (2000)]
* V,with V = p! f d
o v — V,wi = p”, w, ¢, forward case
[D.Yu. lvanov, M.I. Kotsky, A. Papa (2004)]
¢ forward jet production
Resummed
distributions [J. Bartels, D. Colferai, G.P. Vacca (2003)]
(exact IF) [F. Caporale, D.Yu. lvanov, B. Murdaca, A. Papa, A. Perri (2012)]
(small-cone IF) [DYu. lvanov, A. Papa (2012)]
(several jet algorithms discussed) [D. Colferai, A. Niccoli (2015)]
¢ forward identified hadron production
[D.Yu. lvanov, A. Papa (2012)]
O Y — Y
Closing [J. Bartels et al. (2001), I. Balitsky, G.A. Chirilli (2011, 2013)]
statements

Francesco Giovanni Celiberto BFKL vs DGLAP in semi-hard processes June 17th, 2020
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P rroduction® The high-energy resummation

BFKL in the LLA (I)

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

R Motivation

Inclusive
Higgs + jet

multi-Regge kinematics

vei (i, s

Resummed
distributions
B -
- n w (t;) w(t;a1)
AB+n __ 1 P; A i l 1 Sn+1 Cn+1
1—
P:
Yeie o, (G0 qiv1)  — RRGvertex
Closing sg  — energy scale, irrelevant in the LLA
statements

Francesco Giovanni Celiberto BFKL vs DGLAP in semi-hard processes June 17th, 2020
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P rroduction® The high-energy resummation

BFKL in the LLA (I)

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

R Motivation g

PA
Inclusive "
Higgs + jet
Dim, Wé
i+1 * o %—I—l
Resummed
distributions /
An+1 * * dn+1
> T >
PB Pp
ALB" = > (Ar)4p B' R =1(singlet), 8~ (octet), ...
R
, The 8™ color representation is important for the bootstrap, i.e. the consistency
Closing bet the ab litude and that with one Reggeized gl h
statements etween the above amplitude and that with one Reggeized gluon exchange

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

Fintroduction ¥
&

R Motivation

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)]

Inclusive .
Higgs + jet Tp; /_E\ TPy
q 4 14q
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
Resummed
distributions (290, F))
7 4
quark jet vertex gluon jet vertex
Closing @ use QCD collinear factoriz: » ,_ -fs ® lquark vertexl + f; ® Igluon vertexl
statements |

Francesco Giovanni Celiberto BFKL vs DGLAP in semi-hard processes June 17th, 2020
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P croduction @p-averaged cross section: (,

Imax Imax Imax Imax

U Py P Yg Y
o @Y= [ dpl [ dgl [ dy [y BGRSSAT) C,
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T @p-averaged cross section: (,

&

R Motivation

Imax Imax Imax Imax

Py P Yg Yy
& Ch(AY,s) = / d|pu d|py Ay n dy; 0 (yn —ys — AY) Cy,
min min min min
i R . R
proton(py) + proton(pz) — H(|pn|,yn) + X + jet(|psl, ys)
10“ g ' ; | ; ; ; | ; ; ; | ; ; ; | ; ; ; | ; ; ]
: SNS LLA
T  VIMMmerricec ) rancge 893993939 |E= NLA ]
10" 3
— ‘t"x"*?lr *\&\\\\ ]
109 \Q\\\\Q\}& S _
N
= AN
. ‘ & 10—1 | \\\\\ -
f Resummed | - 1/2 <0y <2 \\\
) distributions 4 O | 20 GeV < || < 60 GeV \\
T 072 ym| <2.5; |yl <47 E
1 /5 =14 TeV
l 1073 F  MS scheme ;
. MMHT2014 NLO PDF set e w0 4 -
: v0.4.
cl . 10—4 . . I . . : I : : : I : : : I : : : I : :
osing 2 3 4 5! 6
statements AY = yg — YJ
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Imax Imax Imax Imax

U Py P Yg Y
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T @p-averaged cross section: (,

R Motivation g

Imax Imax Imax Imax

Py P Yg Y
o @Y= [ dpl [ dgl [ dy [y BGRSSAT) C,

pmln prjnn ymln yrjnln
proton(p1) + proton(pa) — H(|pul, yn) + X + jet(7sl, ys)
MS scheme SSS LLA
= NLA ]
ok MMHT2014 NLO PDF set ]
| JETHAD v0.4.2 -
10Y 3 _‘&\‘“\ 3

O _ TN

o, -
FF Resummed ° o ; N :
p, distributions 4 O : TN \ ]

| = A;V'—' [ \\1 1

’ 1072 [1/2<C) <2 :
. 60 GeV < [pir| < 2M,; 35 GeV < ;| < 60 GeV _
l 1073F |yr| <2.5; |ys| <4.7 E
Vs =14 TeV :
Closing 10~ T é III 113 - ‘l - é - é
statements AY — yH — yJ
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Imax Imax Imax Imax

U Py P Yg Y
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U Py P Yg Y
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s,  (p-averaged cross section: (, (M, —» + )

1 & " ’
R Motivation g

Imax Imax Imax Imax

o Pg P Yo Yy
Cu(AY,s) = [ il [l [y [ dy, BRSEAT C,
pmln prjnn ymln yrjnln
& , -
proton(pr) + proton(ps) — H(|pu|,yn) + X + jet(|py]; ys)
5 SSSS LLA f
_ LLA; M, — 400 .
101 ! R - NLA -
S B - :
: AN\ \\\‘Qél}{\;\{\{: NLA; M; — 400
ol ,, \R&‘&\-‘\“.\\\ \ \\ i
= | f
. —10" 1§ E
F Resummed = 1/2<CM<2 -
‘-‘flistributioq_, O 10 GeV < |py| < 2M;; 20 GeV < |p;] < 60 GeV
02yl < 255 |yl < 4.7
| /s =14 TeV '
: _
. 107°E  MS scheme E
8 - MMHT2014 NLO PDF set _
- JETHAD v0.4.2
10_4 . . ] ! ! ! ] ! ! ! ] ! ! ! ] ! ] 1 1

Closing 2 3 4 5 | | 6
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Azimuthal correlations: C,/C, (M, - + o0)
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- RnO(AY, 3) — Cn/C() — <COS TL90>

I Resummed 3
p, distributions 4

Closing
statements

Backup




Azimuthal correlations: C,/C, (M, - + o0)

"Introduction ¥

R Motivation g

— Ruo(AY,s) = Cpn/Cy = (cosnyp)

Mueller-Navelet jets
& [B. Ducloué, L. Szymanowski, S. Wallon (2014)]

& (figure below) & [F. G. C. (2020)]
L proton(p;) + proton(pz) — jet(ks1,vs1) + X + jet(kr2,Y2)
' 35 GeV < k12 < KIS |
1.0F |yJ,1,2| < 4.7 A
6 | Vs=TTeV
N 0.8_'
o
QO
| 06 /i/
S
. S-
' Resummed ° 5 04F PDFALHCLS NLO (100 repl
,, distributions 4 < (100 replicas)

- ' BLM MS

0.2t I NLA BFKL
@ | I LLA BFKL
¢ CMS data JETHAD v0.2.7
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Azimuthal correlations: C,/C, (M, - + o0)

R,0(AY, s) C,/Cy = (cosny)

Mueller-Navelet jets

& [B. Ducloué, L. Szymanowski, S. Wallon (2014)]
(figure below) & [F. G. C. (2020)]

Higgs + jet

o proton(p1) + proton(ps) — jet(ky1,y51) + X + jet(k2,vs2) proton(py) + proton(ps) — H(|pul|,yx) + X + jet(|ps|, ys)
) I I I I I I I I I ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 1.2 T T T T T T T T T T T T T T T y T T T T T
' ' - SY LLA :
35 GeV max _ 1/2<C,<2 |
_ OV < Ka12 = Bicus | _ LLA; M, — +oc / g _
1.0F sz < 4.7 - 1.0F NLA 20 GeV < |pu.g| < 60 GeV _
' ' " E=5E NLA: M. 1
- V5 =T7TeV | - e lyr| < 2.55 |yg| <47
O sl | S oal V5 =14 TeV
~— 0.8 _ ' \0.8 ' -
_ —
I 06 /i/ . | 0.6F i
o~ 1 — | TRERNNNNNE L e e
S- - S
0 ' o2 R
Q 0.4 PDF4LHC15 NLO (100 replicas) 8 0.4F \\\ ------- i
) i ~—
~~— L N\
- (BLM MS \\\N
0.2_- B NLA BFKL 0.2 C NS scheme _
| I LLA BFKL _
| ¢ CMS data JETHAD v0.2.7 | MMHT2014 NLO PDF set JETHAD v0.4.2
W 3 & 5 %
AY =ypg —yy
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Fintroduction? p~distribution: dC,/dp; (M, - + oo)

R Motivation g

Imax Imax IMmax

do(|px|, AY, s P . YH Y
® (ZiH ) :/ d\pj| dyH/ dyj5(yH_yJ_AY) Co
d pH dAY pmin ygin ernin

i

proton(p;) + proton(ps) — H(|pm|,yu) + X + jet(|ps], ys)

' JETHAD v0.4.2 1/2<C, <2-
10"
- : 57| = |pu| (Born); 35 GeV < |py] < 60 GeV (LLA, NLA):
% 10° yn| < 2.55 |ys| <475 AY = yu — yss
Q E Vs =14 TeV -
< ot — E
e MS scheme; MMHT2014 NLO PDF set ;
/CQ\ 1072 .«f{‘:\\x\ E
g 9 - - ,p\s \\ .
' Resummed ° (A NN N \\\\
L distributions 4 q|—= - R \ | -
i —— T : TR \\\\\\\\\\\\\ < NE
- S ‘ “\X\\\\\\\%\%&
Y T& 10-4L B o o _
T S\ LA SRR
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\ 1077 F NLA AY _ 3 WE
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. . L L L L Ly 0 0 L 0 0 ]
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IMax IMax max
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Prtoduction py-distribution: dC,/dpy; (M, - + o)

e do(|pul, AY, s) / Py Yi" /yf}“"”
& — d|p d dy 710 —y;—AY) C

min min
Yy

J

proton(pi) + proton(ps) — H(|pg|,yn) + X + jet(|psl,ys)
- SSY LLA '

10% LLA; M; — +00

— N NLA

% 100 NLA; My — 400
O ; ?
~ - 1/2<C, <2]
=2 107t —
sy 5] = |Pr| (Born); 35 GeV < |p;| < 60 GeV (LLA, NLA):
EXEE ynl < 2.5 lyg| <475 AY = yg —yy,

I Resummed o
N distributions

V5 =14 TeV:
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