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|. Proposals. o _

Warnings: \N
. ® Although the focus was asked to be on | “
what goes beyond LS4, | will also be «
talking about the perspectives at Runs 3 ‘
and 4. ‘J
® This is a personal review, my apologles
3. New dynamics at small x. | to those who find their work

| misrepresented.

® | am not giving a full review of the
el : | heavy-ion topics at energies higher that
4. Pre-equilibrium dynamics and L vaj o fofus g thosegaspefts " the

small systems. | find more closely related to initial
| stages.
” e Even with these restrictions, it is too )|

5 Summary. much materlal ]
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pp/pA/AA colliders:

+ FCC parameters for PbPb and pPb collisions:

Unit FCC Injection | FCC Collision

Operation mode Pb Pb-Pb p-Pb
Beam energy [TeV] 270 4100 50

SNN [TeV] - 394 62.8
No. of bunches per LHC injection - 518 518 518
No. of bunches in the FCC - 2072 2072 2072
No. of particles per bunch [108] 2.0 2.0 164
Transv. norm. emittance [pem] 1.5 1.5 3.75
Number of IPs in collision - - | |
Crossing-angle [perad] - 0
Initial luminosity [1027cm™—2s71] . 24.5 2052
Peak luminosity [1027cm—2s71] . 57.8 9918
Integrated luminosity per fill [ub~1] - 553 158630
Average luminosity [ub~1] - 92 20736
Time in collision [h] - 3 6
Assumed turnaround time [h] - 1.65 1.65
Integrated luminosity/run [nb™!] - 33 8000

e FCC-hh as representative:

other ideas around like
=*» HE-LHC (16 T magnets): 27 TeV pp.
=» 6 T magnets in the FCC tunnel: 37.5

TeV pp.

M. Benedikt at FCC Week 2019

= LHC shape
=== FCC shape

[ study boundary

Limestone

FCC-

Molasse Carried

molasse

HL-

parameter FCC-hh hh-6T HE-LHC LHC LHC
collision energy cms [TeV] 100 37.5 27 14 14
dipole field [T] 16 6 16 8.33 8.33
beam current [A] 0.5 0.6 1.1 1.1 0.58
synchr. rad. power/ring [kW] 2400 57 101 7.3 3.6
peak luminosity [10%4 cm2s1] | 5 30 10 (lev.) 16 5 (lev.) 1
events/bunch crossing 170 | 1000 ~300 460 132 27
stored energy/beam [GJ] 8.4 3.75 1.4 0.7 0.36
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pp/pA/AA colliders:

+ FCC parameters for PbPb and pPb collisions:

Unit FCC Injection | FCC Collision

Operation mode Pb Pb-Pb  p-Pb
Beam energy [TeV] 270 4100 50

SNN [TeV] - 394 62.8
No. of bunches per LHC injection - 518 518 518
No. of bunches in the FCC - 2072 2072 2072
No. of particles per bunch [108] 2.0 20 164
Transv. norm. emittance [pem] 1.5 1.5 3.75
Number of IPs in collision - - | |
Crossing-angle [perad] - 0
Initial luminosity [10%7cm~2s7!] - 245 2052
Peak luminosity [1027cm™2s7!] - 578 9918
Integrated luminosity per fill [ub~1] - 553 158630
Average luminosity [ub~1] - 92 20736
Time in collision [h] - 3 6
Assumed turnaround time [h] - 1.65 1.65
Inte grated luminosity/run [nb™!] - 33 8000

e FCC-hh as representative:

vs LHC: 5.5 (PbPb) and 8.8 (pPb)

vs LHC (total):
PbPb: ~1 (Run2); ~4 (Run3); ~4 (Run4)
pPb: 50-400 (2 weeks)

. . parameter
other ideas around like -

collision energy cms [TeV] 100 37.5 27 14 14
= HE-LHC ( |16 T magnets): 27 TeV PP. dipole field [T] 16 6 16 8.33 | 8.33
. beam current [A] 0.5 0.6 1.1 1.1 0.58
6T magn ets in the FCC tunnel: 37.5 synchr. rad. power/ring [KW] | 2400 57 101 7.3 3.6

TeV PP peak luminosity [10%4 cm2s1] | 5 30 10 (lev.) 16 5 (lev.) 1
* events/bunch crossing 170 | 1000 ~300 460 132 27
M B ene d | I (t at FCC We el < 20 I 9 stored energy/beam [GJ] 8.4 3.75 1.4 0.7 0.36

3 .
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pp/pA/AA colliders:

+ FCC parameters for PbPb and pPb collisions:

Unit FCC Injection | FCC Collision
Operation mode Pb Pb-Pb  p-Pb
Beam energy [TeV] 270 4100 50
SNN [TeV] - 394 62.8 vs LHC: 5.5 (PbPb) and 8.8 (pPb)
No. of bunches per LHC injection - 518 518 518
Isotope 404 p18+ | 40(q20+ | TBKp36+ | 12954+ | 208pp82+
Number of particles [10%] M 194 16.6 6.9 3.7 2.0
Integrated £aa [nb~!/run] 28381 25074 3286 560 62
Integrated Ly [fb~"/run] 454 | 401 | 200 93 27 | M. Schaumann at
Including a performance p I?b | Bas_e1line: UItimate: FCC Week 2019
efficiency factor of 50% exp. Lin/run: - 8pb 29pb
2 exp. Lj/run: 6pb-1 18pb-1
;;;;;;;;;;;;;;;;;;; ESa| > o vs LHC (total):
Assumed turnaround time [h] 1.65 1.65 PbPb: ~1 (Run2); ~4 (Run3); ~4 (Run4)
Integrated luminosity/run [nb~1] 33 8000 pPb: 50-400 (2 weeks)

e FCC-hh as representative:

other ideas around like

=*» HE-LHC (16 T magnets): 27 TeV pp.
=» 6 T magnets in the FCC tunnel: 37.5

TeV pp.

M. Benedikt at FCC Week 2019

parameter Fcc-hh  [CT HELHC [T LHC
collision energy cms [TeV] 100 37.5 27 14 14
dipole field [T] 16 6 16 8.33 8.33
beam current [A] 0.5 0.6 1.1 1.1 0.58
synchr. rad. power/ring [kW] 2400 57 101 7.3 3.6
peak luminosity [10*¢* cm2s] | 5 30 10 (lev.) 16 5 (lev.) 1
events/bunch crossing 170 | 1000 ~300 460 132 27
stored energy/beam [GJ] 8.4 S 1.4 0.7 0.36
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Timelines...

Considered species

40 A 18+ ‘ 4UCa2U+ | TR 36+ | 129Xe54+ | ZUSPb82+

— Pb-Pbat /5y = 5.5 TeV, L, = 13nb ' (ALICE, ATLAS, CMS), 2 nb ™" (LHCb)

— ppat /3 = 5.5 TeV, L;;, = 600 pb~ " (ATLAS, CMS), 6 pb~ "' (ALICE), 50 pb~"' (LHCb) 100 . . . .

— ppat /s = 14 TeV, L;;; = 200 pb_l with low pileup (ALICE, ATLAS, CMS) 80! e Pb |
— p-Pbat /3, = 8.8 TeV, L;,, = 1.2 pb” ' (ATLAS, CMS), 0.6 pb~ " (ALICE, LHCb) ol

— ppat /3 = 8.8 TeV, L;;, = 200 pb~ ' (ATLAS, CMS, LHCb), 3 pb™ ' (ALICE) Nl ° e

— 0-Oat /5y, = 7 TeV, Li, = 500 ub~" (ALICE, ATLAS, CMS, LHCb) o o ca ° K

— p-Oat /3 = 9.9 TeV, L;; = 200 ub~ ' (ALICE, ATLAS, CMS, LHCb) =

0 L L L L
0 50 100 150 200 250

— Intermediate AA, e.g. Lﬁf AT _39 pb_l (about 3 months) gives NN luminosity equivalent to

1812.06772

Year  Systems, /sy,  Time Lint
2021 Pb-Pb55TeV  3weeks 2.3nb -
pp 5.5 TeV 1 week  3pb ' (ALICE), 300 pb~' (ATLAS, CMS), 25 pb™ " (LHCb)
S5weeks 3.9nb °
1 week 500 b~ " and 200 pb !
3weeks 0.6 pb " (ATLAS, CMS), 0.3 pb~ " (ALICE, LHCb)
PP ST few days 1.5 pb~' (ALICE), 100 pb~' (ATLAS, CMS, LHCb)
2027 Pb-Pb55TeV  Sweeks 3.8nb -

pp 5.5 TeV 1 week 3 pb ' (ALICE), 300 pb~' (ATLAS, CMS), 25 pb~* (LHCb)
2028 € p-Pb 8.8 TeV 3weeks 0.6 pb~ ' (ATLAS, CMS), 0.3 pb~ " (ALICE, LHCb)
pp S8 TEV few days 1.5 pb~ ' (ALICE), 100 pb~' (ATLAS, CMS, LHCb)

2029 Pb-Pb55TeV 4weeks 3nb
Run-5 Intermediate AA 11 weeks e.g. Ar—Ar3-9 pb  (optimal species to be defined)
pp reference 1 week
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ep/eA colliders:

. Projects of ep/eA
colliders with Ecm ~

O (0.1) TeV/A (EICs at

US and China) and
O (1) TeV/A (LHeC

and FCC-eh at

CERN) addressing
different physics.

See M.Wing’s talk for PEPIC and VHEeP,

and 1812.08110.

zg=m)

Luminosity (10%cm

Lepton-proton/nucleus scattering facilities

10 —
10 § LTFC
9 O
10 = MESA m HERA and CERN
g - Jlab 6+12 == EIC Projects
10 ° = [ m Fixed Target
B [ ]
i SLAC
107 -
10 °
sf
107 ¢ CEIC2
102 b MELC.1
30
102 - :
c HERMES
- [ |
10 - NMC
1 i | \\\\\\\‘ | \\\\H‘ \\\\\\\‘
-1 2
10 1 10 10
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ep/eA colliders:

Spreader 38m Recombiner 38 Injector

Linacl 1008m RF Compensa
+ Doglegs
+ Matching 120m

F Compensation
+ Doglegs
+ Matching 96m

Arcl,3,5 3142m Arc2,4,6 3142m

Recombiner 38m Dump

+ Matching 20m  Spreader 38m ’

Linac2 1008m

Bypass

IP Line 196m

® 60 GeV e (energy
recovery linac) against

the (HL/HE-)LHC/FCC
hadron beams: eA to run

either concurrently with
pA/AA or in dedicated
mode.

eD at LHeC:
Len=ALea~5%1032 cm-2s-|

See M.Wing’s talk for PEPIC and VHEeP,

and 1812.08110.

Parameter [unit] LHeC CDR | ep at HL-LHC | ep at HE-LHC | FCC-he
E, [TeV] 7 7 135 50
E. [GeV] 60 60 60 60
Vs [TeV] 1.3 1.3 1.7 3.5
Bunch spacing [ns] 25 25 25 25
Protons per bunch [10*!] 1.7 2.2 2.5 1
ve, |pm] P 3.7 2 2.5 2.2
Electrons per bunch 107 1 2.3 3.0 3.0
Electron current [mA] 6.4 15 20 20
IP beta function 3} [cm] 10 7 10 15
Hourglass factor Hg.op, 0.9 0.9 0.9 0.9
Pinch factor H,_, 1.3 1.3 1.3 1.3
Proton filling H..y 0.8 0.8 0.8 0.8
Luminosity [10** em™2s7}| 1 8 12 15
parameter [unit| LHeC (HL-LHC) | eA at HE-LHC | FCC-he
Epy, [PeV] 0.574 1.03 4.1
E. [GeV] CERN-ACC-2017-0019 60 60 60
V/Sen electron-nucleon [TeV] 0.8 1.1 2.2
bunch spacing [ns] 50 50 100
no. of bunches 1200 1200 2072
ions per bunch [10® 1.8 1.8 1.8
Y€ [pm] ]e Pb 1.5 1.0 0.9
electrons per bunch [107] 4.67 6.2 12.5
electron current [mA] 15 20 20
IP beta function 7% [cm] 7 10 15
hourglass factor Hgeom 0.9 0.9 0.9
pinch factor H;_, 1.3 1.3 1.3
bunch filling H,..; 0.8 0.8 0.8
luminosity [10*2cm™2s™] 7 18 54
Integrated lumi.in 10 y. (fb-!) ~~ 6 |5 45
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Timelines...

PEPIC =
RHIC/JLAB12
EIC-US )
EicC-I-China = Yoshida at
e LHC Long term HLLHC LHeC = DISZO I 9
2 ATV . VLEeP =
FCC-eh C>
' upgrade phase 1 o :smqo‘ Anﬁ-ﬁ:nsz
— i — e
2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040
\ Y ) | |
Y
COMPASS2, SMOG2 LHC-Spin

IN.Armesto, 28.06.2019 - CERN perspective: |. Proposals.



Timelines...

B Proton collider

B Electron collider

(] Electron-Proton collider
s Construction/Transformation

Possible scenarios of future colliders

= 4 yours SN |LC: 250 GeV 500 GeV Preparation
|
% 20km tunnel .
- o v ne' MO KT
8 years . . )
g fse/g(é/?z/lﬁ/zao oeN SppC aim similar to FCC-hh
e 100km tunnel -0/2.048
O 11 years -
— 350.365 GeV FCC hh: 150 TeV =20-30 ab-
8 years 10 years A 1.7 ab
100km t | 150/10/5 ab1 11 years
e FCC hh: 100 TeV 20-30 ab'!
8 years 15 years
= L= FCC hh: 100 TeV 20-30 ab-?
m tunne
=
5 HL-LHC: 13 TeV 3-4 ab'! HE-LHC: 27 TeV 10 ab-!
&)
2years 6years ||HeC: 1.2TeV
0.25-1 ab1® FCC-eh: 3.5 TeV 2 ab!
5 years 7 years 3 TeV
I | —
11 km tunnel 5 ab!

D km tunnel

2020 2030 2040 2050 2060 2070 2080 2090
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Kinematics:

® Extension of several orders of

magnitUde in X and Q2 W.r.t. 107:?I T TTTT [T TTT I TTTIT I TTTI I TTTT [T TTT I TTTI IIIIH'%
existing DIS data. oL E
e DIS versus hh:
=» pA/AA covers largest range in 10° E
kinematics. ~ b PPB@LHC |
=» DIS offers: R
» A clean experimental environment - 5 ;gL -
low multiplicity, no pileup, fully EQiat,Pb(x) -
constrained kinematics x,Q?; 107 £ e
» A more controlled theoretical setup - - Y7 -
L : B dAu@present
many first-principles calculations, 10£ "l -
factorisation tests. - V oo, 2
TE ol vl ol ol ST T
10° 107 10° 10° 10* 10° 10% 107" 1

XA
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Kinematics:

® Extension of several orders of

magnitude in x and Q2 w.r.t.

existing DIS data.
e DIS versus hh:

=» pA/AA covers largest range in

kinematics.
= DIS offers:

» A clean experimental envi
low multiplicity, no pileup, ful
constrained kinematics x,Q?%;

» A more controlled theoretical setup -
many first-principles calculations,

factorisation tests.

0oL " "Au(100)+e(20)
20%pp(2750)+€(60)

—_
)
o

I IIIIIII| [ TTTTT

N

ronment - ‘b 103
ly

N

-
U
(o}
—
X
—’

I
(7]
/

102

107FI IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I TTTT

I IIII'H%

II||.\.\| AR

107

10
1 il [ b oy, i
10° 107 10° 10° 10™

XA

1072

107" 1
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Kinematics:

® Extension of several orders of
magnitude in x and Q2 w.r.t. 107

? "% Au(100)+e(20) |

. . B |
existing DIS data. oL mpoersoyreteo |
e DIS versus hh: 1
=» pA/AA covers largest range in 10° y Y 4
. . - |
kinematics. il gtHe | 1
=> DIS offers: R / /]
» A clean experimental environment - 5 ;gL 7+245/TeV 7/ /|
low multiplicity, no pileup, fully EQzat,Pb(x) #0,..,6.6, |
constrained kinematics x,Q2; 102 1 4 |

» A more controlled theoretical setup - - ) At -
many first-principles calculations, 10 il /A Pre bE
factorisation tests. N / RHIC {P:' 7 -
1-I—EI IIIIIIIi | II[LM'WI IIIIIJJ.y | Imllll IIIIIII}I’ | IIIIIIIi | IIIIﬁ*

10° 107 10° 10° 10" 10° 10° 10" 1

Xa

IN.Armesto, 28.06.2019 - CERN perspective: |. Proposals.



Kinematics:

‘@ Extension of several orders of
magnitude in x and Q2 w.r.t.
existing DIS data.

e DIS versus hh:

=» pA/AA covers largest range in
kinematics.

- DIS offers:

1 . P 1
) A 1 0° : —
> Ultraperipheral QQ: Nuclear DIS & DY data:
IOW 8 0 [0 ] S— FCC Y (lyl < 4) ® NMC (DIS)
o~ 107 FCC J/¥ (lyl < 4) M SLAC-E139 (DIS)
CoNns @ === | HC Y (Iyl <2.5) FNAL-E665 (DIS)
» A 10° LHC JA¥ (Yl <25)  AEMC (DIS)
10° RHIC JMY (lyl <2) * FNAL-E772 (DY)
man 1605.01389
factc 10°
10?
Q0 ,, (b=0fm)
1 0 ---------------------------- —»
1Enon-penurbative """"""""""""""""" h
107"
10—2 II | IIIIIII llllllII IIIlIllIA IlIIIlI lllIllII 1111 I L
10®° 107 10° 10—5 107 10“3 10—2 107" 1

X

L A A AL B AL B AL B
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106;_208Pb(2750)+e(60) g i

1
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10* =
103_ //

N

Q
-
U
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X
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—
o
N
T
/
J

—
o
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/
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Kinematics:

® Extension of several orders of
magnitude in x and Q2 w.r.t. 107

? "% Au(100)+e(20) |

. . B |
existing DIS data. oL mpoersoyreteo |
e DIS versus hh: 1
=» pA/AA covers largest range in 10° y Y 4
. . - |
kinematics. il gtHe | 1
=> DIS offers: R / /]
» A clean experimental environment - 5 ;gL 7+245/TeV 7/ /|
low multiplicity, no pileup, fully EQzat,Pb(x) #0,..,6.6, |
constrained kinematics x,Q2; 102 1 4 |

» A more controlled theoretical setup - - ) At -
many first-principles calculations, 10 il /A Pre bE
factorisation tests. N / RHIC {P:' 7 -
1-I—EI IIIIIIIi | II[LM'WI IIIIIJJ.y | Imllll IIIIIII}I’ | IIIIIIIi | IIIIﬁ*
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Status of nPDFs:

® [ arge uncertainties for x<0.01
and for large x glue
(parametrisation biases); small
impact of LHC data (large-x glue).
® Few data for any single A e.g. Pb
(15 DIS+30 pPb+VA): A-
dependence of |.C. mandatory;

flavour decomposition weakly
constrained (~ isoscalarity).

® [mpact parameter dependence

+| meepone EPPS i 6

LHC du
LHCW &Z

- CHORUS eutrino data
10> £ [ PHENIX 7

10 | ’ : 4
Ll L Lol 1 |||||||-
3 1

1.4
12 === nNNPDF1.0
tl 0 nCTEQ15
q:
g 0.8

1.4

0.4 1111 L1111 Ll 1111
1.4

= 1.2
S~
—~1.0

0.8R

f(N/A)

0.6

047 0= 00 o T 001

X s
Talks by P. Zurita and C. Keppel; N.Valle, M.

Dumancic, E. Chapon, S. Hayashi, M. Faggin, A.
Bylinkin, I. B. Sanjuan, Y. Kim, N. Fomin, M. Rybar,
S.Yang, Z. Chen,...

01 1

108
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HL-LHC (1):

1.1 T T
p-Pb, /5 = 8.16 TeV
WH+W-

E 1
=
0
()
i 0.9
=z
=
,g 0.8

EPPS16
B EPPS16 reweighted
@ CMS projection

I

1.4 |-= EPPSI16 )
- B EPPS16 rawcightod
12}
1 |
ﬁ"’O 8
o r
0.6
0.4
0.2

1.6

0
1074 1072 1072 10!
T

14

1.2

l mm s smmm.

EaQR
= 0.

0.6

04

Q* = 100 GeV?

® [nclusive W for s/u.
® W asymmetries for gluon (evolution).

® Low mass forward DY for sea and

gluon.
® Dijets for glue.

® Z and Y at forward rapidity (glue).
e UPCs will also contribute: quarkonium,

® Top requires higher statistics: lighter

Ic‘:- e 2 avours Adsa 5 Havours

v v - =
aCTEQ15 I CT10+ EPS +

Lo
CTEQG. 1+ EPS

cro

W/Z Benchmark
measurement

5 flavor

240 60
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w2 1 1 E20.8 Ere(.8 -
(a8 = =
= o8 + | 0.6 0.6
' 04 0.4 =
- 2 - ‘2 ,;.
0.6 EPPS16 - . - O‘ aaaed s aannd 3 aauel g 0 '- =5
M EPPS16 roweighted ! LHCb projection 0 0 +
0.4 H-HH—————HHHHHH—— A 10*10?1w?rwt 1 1wtw?ww?ot 1 '
15<Y <25 25 <Y <30 30<Y <40 16 * T B
1.2 - <1 -+ . 14 | @* - 100 Gev? T ol
. 1.2 2
>-
o £eon
%008 ) m
0.6 0.6
04} 04} 4
02} 02} -
O pauaed saannd saaanel 3 O pavoaed soaasnel saaand 3 o1sig |
w*w3*1w?w!t 1 1041w 31w0?1w0!t 1 %o
T T

M [GeV]

M [GeV]

datn

IN.Armesto, 28.06.2019 - CERN perspective: 2. Partonic structure of the nucleus.



nPDFs @ HL-LHC (Il):

Dijets

® |Inclusive VWV for s/u.

[ 55 < p™ <75 GeV [ 75<p™<95Gev CMS pppp&()%l;g})
o . Proiecti . .
12 - e ® W asymmetries for gluon (evolution).
et e, [ e, 30 GeV, p__ >20 GeV
] e = Saws ® Low mass forward DY for sea and
0.8 pp NLO pQCD: CT14
L L = Data IDSSZ |uon
0.6 8 [T Syst. uncert. | | EPS09 g .
1-22_95<p:“°<115GeV [ 115.<pi™ <150 GeV [ pav> 150 GeV ® D”ets for glue.
op e esmman, b e, f L e | @ /Z and Y at forward rapidity (glue).
%E i W‘.«." é-:‘ I ‘]-.. I i =™
e [ [ . . . .
ool § = T = g e UPCs will also contribute: quarkonium,
0'6- NP PP | IS AT | ||||-||:||||||| sl el | I I T
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nPDFs @ HL-LHC (Il):

Dijets Dijets in UPCs
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nPDFs beyond HL-LHC:

1.6 | oeXe Vo =115GeV [

)
.

i ® Jop studies become feasible at

mesons % | the HL-LHC (lighter ions) and
and mell 1 the FCC:gluon in pPb.

quarkonia T @ oTeTETETeT 9 JPCs will also contribute:

in pXein . = quarkonium, inclusive dijets
Ixed target . B (1902.05126).

D, B

Xe
RQ

AAAARBDE i
naana

mode 2o 0.; Y 2o F . d d
0.6 .
1807.00603, y IXE target mode to

see the talk by P.
Di Nezza. " "

constrain the high-x glue.
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nPDFs @ LHeC/FCC-eh:

e ePb pseudodata included in
EPPS16* global fits and HERAPDF

DIS-only fits: large impact.

H. Paukkunen at DIS |8
Q? (GeV?)

EPPS16*
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1

107 10° 10° 10* 10° 10% 107 z z z

® HF separation — glue.
® Missing: beauty, c-tagged CC
for strange.
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NnPDFs

@ LHeC/FCC-eh:

e ePb pseudodata included in
EPPS16* global fits and HERAPDF
DIS-only fits: large impact.

2 2
Q“ (GeVY)
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—
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® HF separation — glue.
® Missing: beauty, c-tagged CC

for strange.

G~ .
> p, HERAPDF2.0 NNLO, xFitter, Ay?=1 -
QO LHeC -
g ; LHeC+FCC-eh _;
= n proton /_:
X —
o <
e -0. —]
< -
NA at DISI8 X
and DIS|9
Pb, HERAPDF2.0 NNLO, xFitter, Ay?=1
LHeC

LHeC+FCC-eh

Pb

Ultimate
experimental
precision

A, 9(x,10 GeV?)

HERAPDF2.0 N'N'L'C');')'('Fittér@' L
LHeC LHeC+FCC-eh

Pb/p 2
Areiflg, " (X,10 GeV')

Pb/proton
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Beyond collinear factorization (l):

‘@ The extraction of 3D-structure (GPDs and TMDs and their
evolution equations) is a huge undergoing program: scarcely known

in the proton, mostly unknown in nuclei. ™' > ® Boussarie A
umitru and J. H. Lee

2
W III L X (Mx)
," Xp \ Largest rapidity
! gap in event -
p, P L (= | Y (My)
X -t’ PP’ breakup of ;\‘—_
coherent iIncoherent
p/A stays intact p/A breaks up
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Beyond collinear factorization (l):

‘@ The extraction of 3D-structure (GPDs and TMDs and their
evolution equations) is a huge undergoing program: scarcely known

in the proton, mostly unknown in nuclei. [/ b R Boussarie. A
Dumitru and J. H. Lee

(* *
7 - V' wok e+Pb — e+PbO+J/p, Q2=0.1 GeV? D[]
000000 I~ =============—————___ [
10000 - ——===SEEEIEEEssoosssosmssssssoad 2.07
/ (% 1000 [~ [
100 r
% 1.5 i
C L
T+ f'/f \&LC — & = ,
S 1.0}
3 Of
W=0.1 TeV, coherent [
W=0.813 TeV, coherent i
— — W=2.5 TeV, coherent 0.5
L Bt W=0.1 TeV, incoherent i
p P w07 f —————- W=0.813 TeV, incoherent i
motp o777 We25 Tev,incoherent, | . s e Hf
1 0.2 5 2 10 r( m)

0.4 0.
-t [GeV2]

Mantysaari in DIS2018; LHeC CDR update to appear

- y ‘% 10%F o
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5 e
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z+¢/ z—§ P " LHeC 1206.2913
;U [ Tt + " —$—
— —_— G [ DVCS,E.=50 GeV, Io; *—
P prye=2GeV, I fb!
p 5 10 15 20 25 30 35 40

® | HeC/FCC-eh: large range of x and Q2 = evolution.
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Beyond collinear factorization (ll):

® |[ncoherent diffraction sensitive to
fluctuations: hot spots? that
determine the initial stage of HIC,
the distribution of MPIs,...

® Exclusive dijet production sensitive
to the gluon Wigner distribution,
forward DDbar to g TMD:s.

e UPCs, even for larger energies, but

for photoproduction

e Also extensive studies in fixed
target mode , main
focus on spin.

e Diffractive PDFs on A never
measured.

DDbar correlations at HL-LHC

0.16
) 0.145*_ | 8 12.06772 1
P c LHCD projection .
< 0.12F -
= o1F PPb |5, =8.8 TeV forward, 250 nb™! E
bh ' + 2<p <3 GeVle, 20<y <35 .
- 0081 10 % highest multiplicity =
~ 0.06 CGC by G. Giacalone, C. Marquet ]
b SER
0.04F +4 4+t 3
gt

o2t——r

0 1 3
Ad

E014

do /dAD)

LHCD projection

pp (s=88TeV, 104 pb™
2<p, <3 GeVle, 20<y <35, inclusive
CGC by G. Giacalone, C. Marquet ]

Diffractive plane at LHeC/FCC-eh
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Contents:

|. Proposals.
2. Partonic structure of the nucleus.

3. New dynamics at small x. (Talks by
T.Altinoluk, M. Sievert and B. Xiao)

4. Pre-equilibrium dynamics and
small systems.

5. Summary.

References:

e [812.06772 (HL-LHC with ions);

® future Circular Collider:Vol. | Physics
opportunities, CERN-ACC-2018-0056
(Eur. Phys. . C79 (2019) no.6,474), and
1605.01389;

e [901.09076 (diffraction in ep and eA);
e [HeC CDR, 1206.291 3;

e 2018 LHeC and FCC-eh workshop,
https://indico.cern.ch/event/698368/;

® | HeC talks at DIS 2019, https://
indico.cern.ch/event/749003/.

® fixed target program at the HL-LHC,
1807.00603.

Talks by |. Lajoie and E. Sichtermann.
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Search in ep/eA:

"o Saturation modifies evolution: tension between the
description in DGLAP analyses of different inclusive observables

(with different sensitivities to glue and sea, e.g. F2 and FL or G/HQ), if
enough lever arm in Q2 at small x available.

Pseudo-data from AAMSO09 (BK + running coupling) Pseudo-data from AAMSO09 (BK + running coupling)
07 F "LHeC AAMS09 ——— | 07r "LHeC AAMS09 —+— |
I NNPDF fit i I NNPDF fit
0.6 0.6 {_
e LHeC .:° T
N 1 7
04 r J[ . : 04 r %
P % T T .l. T ! % X
S, 03} 1 1 0.3 | T .
- I
7r 0.2 | 1 0.2 J[
C 2 ) Linear approaches I I
6 £ Fo(x,Q°=10 GeV") NLO DGLAP 01 Q°=13.5 GeV? 01 Q?=30 GeV?
i 0 ‘ 0 ‘
R NNPDF 1.0 1e-05 0.0001 0.001 1e-05 0.0001 0.001
5[ meem Small-x resummed
< Non-Linear approaches 07 F ‘ _ 07 F ‘ ]
R =~ e . ) LHeC AAMSQ09 —+— ) LHeC AAMS09 —+—
aF N . | Eikonal Multiple NNPDF fit NNPDF fit
. o '_-_-_-" scatterings 06 1 - 06 |
RS &) CGC 05 | ] 05
S NS ~eeer Rogge
= \\:\:{'i\'fiqg\n \_-\\:\.. 99 G 04t 1 04 N I
s<2 \’\:"?_n_'.\ l(: : X + T
2r 4 037 . 1 03 I T% 1]
B L I T Y I ]
o 1 T I _I_ T3 1
F 02} I+ 1 1[ ] 02} 1
B 0.1t - 0.1t
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® High scales = small x @ FCC-AA: ex.g. tops in pPb sensitive to X
~ 0.02-0.2 at HL-LHC and 0.0002-0.2 at the FCC-hh
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Search in ep/eA:

"o Saturation modifies evolution: tension between the
description in DGLAP analyses of different inclusive observables

(with different sensitivities to glue and sea, e.g. F2 and FL or G/HQ), if
enough lever arm in Q2 at small x available.

® Resummation
becomes very
sizeable

Pe

NNPDF3.1sx, Q“ =5 GeV*

TTTTTY T TTT
< NNLO
NNLO+NLLx

T
A

IIII] ]
14

10—+

1.5

1.0

W 05

0.0

-05

NNPDF3.1s¢, Q* = 5 GeV*

TTTT T T T T TTTT
<Y NNLO
NNLO+NLLx

llll[

104

10+

e High scales = small x @ FCC-AA:e.g. tops in pPb sensitive to x
~ 0.02-0.2 at HL-LHC and 0.0002-0.2 at the FCC-hh
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Search in pA:

Direct photon p+A @63 TeV

e Single particle e T T _

suppression increasing :- | R EZITZiﬁZETiij:

with rapidity was ¢, ——

proposed as a signal | L

of saturation. charged hadrons @ FCC (0);‘ |
L e

® Suppression WTRETT T memmie | W [GRIETTT e on

3.5<y1,y2<4.5 3.5<y1,y2<4.5

[

observed up to large | cderonback I ) -

transverse momenta. Y Shseae region A

0.8

0.6

v.-."‘-./ et

0.4 | 0.4 |

® Search for tensions | ~ _

between different b underlying event.
, region

observables in I I e A T

collinear factorisation. prs
dijet yield modification pPb/pp @ FCC, anti-kt, R=0.5
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Elastic VM production on p:

e Elastic J/Y
production may be
a candidate to
signal saturation
effects at work.

[P dhy+p
3 1 200 i I | | I l I | I |
: - . LHeC ceniral values from
- L | ¢ H exrapolating HERA data:
~ 1000 | © ZEUS ofyp) = (2.96 nb)WIGEW 2"
v " | * LHeC Simulation il
| =—b-Sat (eikonalised) i
800 |-~ b-Sat(1-Pomeron) /
B . iy : 7
- o o1 -
00— L!;Le't
i ) E=150GeV
E, =100 GeV -

a E. = 50GeV .
= 20 GeV N
Vertical (dotted)lines indicate values of
wm,Tﬁ:\E,a}meUhcmmEp:nev. ]

Linear, . WW( ‘ E

sensitivity .
to (xg)2.

y—

)Zp/

7500 1000 1500 2000 2500

W (GeV)

5TeV

Non-linear,
saturation.

p
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Elastic VM production on p:

® Large uncertainties, e.g. charm mass (1402.4831).
® UPCs are an alternative.

Armesto and Rezaeian, arXiv:1402.4831

v +p =JNp +p v +p =T +p

E516, E401, E687
H1 data (2013)
ZEUS (2002)

H1 data (2005)

H1 data (2005) i
H1 data (2013)  HaC FCC 1000
ZEUS (2002) z \ -

e Elastic J/Y e
production may be
a candidate to 4 .
signal saturation — e A — s
effects at work. '

vOoOo*kd P>0OC

Linear, . WW( ‘E oo
sensitivity x
to (xg)2.

Non-linear,
saturation.

p
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Elastic VM production on A:

"® Saturation (approach to the black disk limit) affects both energy
and t (impact parameter) dependences of coherent exclusive VM
production: softer energy dependence, shrinking of diffractive peak.

® Saturation results in a larger diffractive over inclusive cross
section (Nikolaev et al., Z.Phys. A351 (1995) 435): interplay between
non-linear phenomena and survival probability.

3500
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2000
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1/A2 do/dt

1000

500

0]

- e+p(Pb) — e+p(Pb)+J/Y
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EIC LHeC FCC-eh

1 1 1 1 1 1 1 I 1 1 1 I 1 1 1 1
OT fO 200# 3000

4000

5000
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1/A? do/dt(t=

wf e+p(Pb) — e+p(Pb)+J/
- Q2=10-100 GeV?

140

120 |~

—_—

o

o
|

0 ; Al P ST I TR T S S [ S T T S
0 0 200 3000 4000 5000
T f O? W [GeV]

EIC LHeC FCC-eh

Mantysaari in DIS2018; LHeC CDR update to appear
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Elastic VM production on A:

"® Saturation (approach to the black disk limit) affects both energy
and t (impact parameter) dependences of coherent exclusive VM
production: softer energy dependence, shrinking of diffractive peak.

® Saturation results in a larger diffractive over inclusive cross
section (Nikolaev et al., Z.Phys. A351 (1995) 435): interplay between
non- Imear henomena and survwal probability.

3 + p—> p+p

Qq
% | I T T T
2 Sy [ P- Sat (Saturation)
% = [P-Sat (1-Pomeron) .

h Mg s
| L .
------

[F= =k ] h-CGC (Saturation) |

ipole, Q2=0.1 Ge 2
o 2952 o(@Pb)/[2082 ofep)] .
EPPS16, Q2=mJ/psi*2 .

= F e+p(Pb)—>e+p(Pb)+J/L|J

° Nuclear

dependence may |
7 not be a signal of £

/2| saturation by

It] [GeV“]

i P ul P ul MR | MR MR
1x10°8 0 0000 0 0001 O 001 0.01 0.1

X= (02+m J,¢2)/(W2+Q2+m J,Lpz mN )

itself... ‘:
® Nuclear effects §

| on quarkonium

can be studled }

EIC LHeC FCC-eh

Matysaarl |n DISZO |8; LHeC CDR update to appear
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Correlations in

® Dihadron azimuthal XA<<Xp
decorrelation: discussed at RHIC
as suggestive of saturation.

® To be studied far from
kinematical limits.

[ )
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Correlations in eA/pA:

® Dihadron azimuthal XA<<Xp
decorrelation: discussed at RHIC
as suggestive of saturation.

® o be studied far from
kinematical limits.

central-forward exclusive
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Contents:

|. Proposals.

2. Partonic structure of the nucleus.

3. New dynamics at small x.

4. Pre-equilibrium dynamics and

small systems (talks by many
people...).

5. Summary.

References:

e [812.06772 (HL-LHC with ions);

® future Circular Collider:Vol. | Physics
opportunities, CERN-ACC-2018-0056
(Eur. Phys. . C79 (2019) no.6,474), and
1605.01389;

e [901.09076 (diffraction in ep and eA);
e [HeC CDR, 1206.291 3;

e 2018 LHeC and FCC-eh workshop,
https://indico.cern.ch/event/698368/;

® | HeC talks at DIS 2019, https://
indico.cern.ch/event/749003/.

® fixed target program at the HL-LHC,
1807.00603.

Talks by |. Lajoie and E. Sichtermann.
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Pre equmbrlum dynamlcs

equmbrlum

@

soft bath

Bunyolyos uales
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classical-statistical
lattice gauge theory

Charged multiplicity distribution
In|<I.5, 1605.01389

Multiplicity-dependent ¢;{2} and c,{2} with increasing 7)-separation

Talk by J.
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Pre- equmbrlum dynamlcs
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Pre eqU|I|br|um dynamlcs
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Hard probes:

‘e Recent activity on the use of hard probes to study the initial stages '
of hadronic collisions (1902.0323 1, talk by C.Andres).

® Large energies and statistics (lighter ions at HL-LHC; FCC-AA)
make boosted tops available (1 711.03105).

+ Semi-leptonic decay of tt events produce

jets that start interacting with the QGP only ¢ Reconstructed
: e i
at later times 3 W mass: my
= |
6 |llI_Illlllll_lll_llllIlIIIIIIIIIIIIIIIIIIIIIIIIIIII g WIlI depend On
tt -W'Whbb o :
s —— Total delay time and std. dev (q = 4 GeV* fm’) ~ the energy that is
= \%ogggg;c%;tn ° lost (medium
4 W Top decay Time length that jet is

---- Total delay time (§ = 1 GeV? fm™)

able to “see”)

ng h Pt top €

Higher my

<t,,> (fm/c)
w
IIIl|IIII|IIII|IIII|IIII|IIII
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pt,top (GeV) _ Time (fm/ C) Tm
i i i i Apolinario at
Ttot) = Yt,topTtop T Ve, WTW + Td
HP2018 (Ttot) opTrop
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Hard probes:

® Recent activity on the use of hard probes to study the initial stages

of hadronic collisions (1902.0323 1, talk by C.Andres).
® Large energies and statistics (lighter ions at HL-LHC; FCC-AA)
make boosted tops available (1 /711.03105).

+ Reconstructed W Mass as a function of wsm unquenched msmms 1 — 1.0 fm/c mems T, = 5 fmic
the top pr: mmam quenched — wemem 1 - 25 fm/c mwess 1 - 10 fm/c
. {Tior» (unquenched) [fm/c]
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Lighter ions beyond LS4:

® There has been a proposal to collide lighter ions in Runs 5 to:

=?» Get larger statistics: gains of factors 2 (Xe) to 10 (Ar), for e.g. top studies,
Ltjet,...

=? Test size dependences of QGP properties and dynamics, without centrality
definitions (strong biases in peripheral collisions and pA) — link to small systems.

=» Get rid of centrality dependence for nPDFs, ridge, etc., that introduce

additiOnal COI’I’ElatiOHS. 1678+ 40 4 18+ 40, 20+ T8 36+ 120y 54+ 208 5} 82+
',v 3760. 3390. 3760. 3470. 3150. 2960.
JSn/TeV 7. 6.3 7. 6.46 5.86 5.52
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a— 2.36 x 107° |  0.00688 0.0144 0.88 15. 280.
| 0.0738 1.24 1.57 12.2 51.8 220.
Tie/D 1.48 3.85 4.18 17.1 72.5 508.
N, 6.24 x 10° | 1.85x10° | 1.58 x 10° | 6.53 x 10° | 3.56 x 10° | 1.9 x 10°
S I M 4o/ ppm 2. 1.8 2. 1.85 1.67 1.58
€€ alSo : fiss/(m Hz) 0.0662 0.0894 0.105 0.13 0.144 0.167
Wy/MJ 68.9 45.9 43.6 32.5 26.5 21.5
SC haU mann at FC C Laao/cm 25" 1.46 x 10*" | 1.20 x 10% | 9.38 x 10® | 1.61 x 10® | 4.76 x 10% | 1.36 x 10
Lxno/em ™ 2s™" 3.75 x 10% | 2.06 x 10 | 1.5x 10% | 9.79 x 10* | 7.93 x 10* | 5.88 x 10*
Wee I( 20 I 9 fO I Pappp/W 0.0031 0.179 0.303 5.72 434 350.
. . Pevpy/W 4.98 16.5 16.9 40.5 76.7 141.
Ilghter Ions at FCC . 110/ 16.4 21.3 23. 13.5 5.87 1.57
T,plh 9.04 10.3 10.7 8.23 5.42 2.8
(Lpaa) em™ 257! 8.99 x 10% | 8.34 x 10% | 6.17x 10*® | 9.46 x 10%® | 2.23 x 10 | 3.8 x 10%7
(Lyn) cm™2s~* 2.3 x 10 | 1.33 x 10® | 9.87 x 10** | 5.76 x 10* | 3.71 x 10** | 1.64 x 10**
Joooos Laa dUnb™" | 117 x 10° 1080. 799. 123. 28.9 4.92
ooy L dtfpb ™ 2980). 1730. 1280. 746. 481. 213.
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B 1.64 0.266 0.194 0.0518 0.0215 0.00842

1812.06772, p=1.5
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Lighter ions beyond LS4:

"@ There has been a proposal to collide lighter ions in Runs 5 to:
=?» Get larger statistics: gains of factors 2 (Xe) to 10 (Ar), for e.g. top studies,

Ltjet,...

=? Test size dependences of QGP properties and dynamics, without centrality
definitions (strong biases in peripheral collisions and pA) — link to small systems.
=?» Get rid of centrality dependence for nPDFs, ridge, etc., that introduce
additional correlations.
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Lighter ions beyond LS4:

® There has been a proposal to collide lighter ions in Runs 5 to:

=?» Get larger statistics: gains of factors 2 (Xe) to 10 (Ar), for e.g. top studies,
Ltjet,...

=? Test size dependences of QGP properties and dynamics, without centrality
definitions (strong biases in peripheral collisions and pA) — link to small systems.
=?» Get rid of centrality dependence for nPDFs, ridge, etc., that introduce
additional correlations.
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® We may have new detectors/experiments there: LHCb Upgrade |l, new detector
in IP2 (heavy-ion detector focused on thermal radiation, rare c,b hadrons, ultrasoft
particles (1902.01211), or LHeC offering ep/eA at the same time as pp/pA/AA).
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Announcements:

« > c * ® O

£5 Other Bookmarks

@ https://conferences.lbl.gov/event/196/

i Apps @ Welcome @ Gmail: correo elec... = HEP - INSPIRE-HEP £ find (rank junior or... ,9 arXiv.org e-Print a... CERN people | CE... Sall Canosa- Nat... B Google Calendar -... »

4d A iCal export More « US/Pacific « English « Login

POETIC 2019

16-21 September 2019
LBL-Hill

US/Pacific timezone

LN oth International Conference on Physics Opportunities at an ElecTron-Ion-Collider

Scientific Programme
Code of conduct
Registration

Call for Abstracts

.. View my Abstracts
L. Submit Abstract

Timetable
Contribution List
Author List
Committees

Logistics

POETIC 9, the Ninth International Conference on the ‘Physics Opportunities at an ElecTron-Ion
Collider’, will take place at Lawrence Berkeley National Laboratory, Berkeley, USA, from Monday,
September 16 to Saturday, September 21, 2019. The primary goal of the conference is to continue the
advancement of the field of electron-ion collider physics.

The first three days, from Monday to Wednesday, we plan to arrange focus meetings on various aspects
of our program (in parallel). The formal POETIC workshop starts on Thursday and ends on Saturday.

The program will consist of invited and contributed talks. We strongly encourage the submission of
abstracts. Postdocs and students are especially encouraged to attend the conference.

Conference Topics:

Structure of hadrons: (nuclear) parton distribuition functions (PDFs nPDFs), transverse momentum
dependent (TMDs) and generalized parton distributions (GPDs), Distribution Amplitudes (DAs) ,
Double Distributions (DDs).

QCD at high parton densities and small-x: saturation, evolution, Color Glass Condensate
Fragmentation functions and Jet properties

Complementarity and connections of EIC physics with p+p, p+A and A+A collisions: high-pt processes,
diffraction, multi-parton interactions, quark-gluon plasma and colored probes in hot nuclear matter.
Physics beyond the Standard Model and connections to other areas in physics.

Future DIS facilities: accelerator and detector developments.

e LHeC/FCC-eh 2019 Workshop, October 24th-25th
2019 in Chavannes-de-Bogis hear CERN.
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Summary:

® | have done an incomplete, personal

overview of the future possibilities for
initial stages at CERN: FCC as
representative of AA colliders, ep/eA and

fixed target programmes.
=¥ Partonic structure of the nucleus, in the
collinear framework and beyond.
=» New dynamics at small x.
=¥ Pre-equilibrium and small systems.

—
o
]
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10° | *®pb(2750)+e(60)

10° 10* 10° 102 10" 1

XA

IN.Armesto, 28.06.2019 - CERN perspective.

27



Summary:

® | have done an incomplete, personal 10
overview of the future possibilities for 10 - POTSD<(00

initial stages at CERN: FCC as
representative of AA colliders, ep/eA and

fixed target programmes.
=¥ Partonic structure of the nucleus, in the
collinear framework and beyond.
=» New dynamics at small x.

=¥ Pre-equilibrium and small systems. 107 107 10° 1
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Summary:

® | have done an incomplete, personal Tiineies: S ’

overview of the future possibilities for = Disclaimer: train
initial stages at CERN: FCC as L timelines are written
representative of AA colliders, ep/eA and  4only to show how late
fixed target programmes. Atrains arrive (Herwig
=» Partonic structure of the nucleus, in the i Schopper)°
collinear framework and beyond. {t Warni .
arning: they may

=» New dynamics at small x. ,/_ . i
=¥ Pre-equilibrium and small systems. _t’

2019 — LS4 (2030) LS4 — End of the LHC (2037) Beyond LHC

HL-LHC (pp, PbPb, PP
pPb, OO?)

FCC-like
pp & ep!? machine (pp/
SA/AA & ep/

pp/pA/AA lighter ions!?
Fixed target program eA)!
pp/pA/AA lighter ions?, & ep/eA!
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Summary:

i Many thanks to:

i=» My HL-LHC, FCC-AA, LHeC/FCC-eh (and
tEIC) colleagues for discussions and the
{opportunity to work with them;

{=> A. Dainese, M. Klein, G. Milhano, C.A.

{ Salgado and M.Winn for comments;

tthis talk;

2019 — LS4 (2030) LS4 — End of the LHC

| { Timelines: |
§ {=> Disclaimer: train
{ Itimelines are written

, { { Schopper);
I=> The organisers for the invitation to provide

{ §contain traces of politics. §
t =¥ You dll for your attention. y

{=» Warning: they may

(2037) Beyond LHC

HL-LHC (pp, PbPb, PP

pPb, OO?) op & ep?

FCC-like
machine (pp/

pp/pA/AA lighter ions!?

PA/AA & ep/
eA)?

Fixed target program

pp/pA/AA lighter ions?, & ep/eA!
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Backup:
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Status of nPDFs

EPS09 DSSZ nCTEQIS KAIS5 EPPS16 NnNNPDF1.0
SET JHEP 0904 PRD85 (2012) | PRD93 (2016) | PRD93 (2016) EPJC77 EPJC79 (2019)
(2009) 065 074028 085037 014036 (2017)163 471
eDIS v 4 v v v v
8| b % v % % % X
8| v v v X v X
vDIS X v X X v X
pPb X X X X v X
# data 929 1579 740 1479 181 | 451
order NLO NLO NLO NNLO NLO NNLO
P';f;:“ CTEQ6.| MSTW2008 ~CTEQ6. | JRO9 CTI4NLO NNPDF3. |
mass
ZM-VFNS GM-VFNS GM-VFNS ZM-VFNS GM-VFNS FONLL-B
scheme
Ax2=50, | Ax2=30, ratios, | Ax2=35, PDFs, Ax2=52, NNPDF
comments | 2tios huge medium- valence flavour | PDFs, deuteron | flavour sep., | methodology,
shadowing- | modified FFs for |sep., not enough| data included ratios, LHC isoscalarity
antishadowing 110 sensitivity pPb data assumed
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NPDF studies now:

‘e Theoretical control in PT over forward D or
J/W under debate: scales, DPS, non-linear

dynamics,...

E.g. quarkonium: superposition of

nPDFs + eloss/absorption + comovers for ',

® Collectivity (flow for D and J/ as in

charged hadrons in pPb and PbPb) would limit

the use of low pt data for extraction of nPDFs.
e UPCs offer possibilities for constraining both
nPDFs: first indication of nuclear shadowing

(talk
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Talks by N.Valle, M. Dumancic, E. Chapon, S. Hayashi,
M. Faggin, A. Bylinkin, I. B. Sanjuan,Y. Kim, N. Fomin, M.

Rybar, S.Yang, Z. Chen,...
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Correlations in eA/pA (ll):

R Studying dijet azimuthal decorrelation or forward jets (pt~Q) in ep/eA/pp/

pAwould allow to understand the mechanism of radiation:
=» kt-ordered: DGLAP.

=» kr-disordered: BFKL.

=» Saturation?

® Further imposing a rapidity gap (diffractive jets) would be most interesting:
perturbatively controllable observable.

X bj X bj small

e evolution
o

from large
E to small x
:
| C "forward’ jet
| | . —
Ry Y Y Y Y :
! I — E)et o
I 5?5555;:;‘ e Jet  Eproton
S S ( )—!’"
U 2 ;;i}i}} T /

eNuclear and saturation effects on usual BFKL signhals (e.g. dijet
azimuthal decorrelation, Mueller-Navelet jets) has not been extensively addressed:
A-dependence contrary to linear resummation?
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