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LH.O Motivation:

Flavour dependence?; relation Anti-shadowing How much does the structure
with shadowing and coherence  **_. . ...,°" \ 1 2 sare ! of a hadron change when it is

[LoDIS(A) immersed in a nuclear med:um7
0E C A ). A 9 ‘ 9
eAu HIPS(D) 74z, Q) r, Q)
ePb at LHeC/ 2t = F o
FCC-h /J-’-‘) | Fermi-motion
| “NE EIC = ¢ . R Short versus long range
SE A A N E6es cab ‘ correlations, pion cloud,
Mul t’PI e scatteri ng, e II;?:'.giniflr:)lgfglrlll(;]tlerization intrinsic Cha rm,...
‘ . LR PSP T A Y AT SR I 1 E S S S e
saturation,..., hlgh- Shadowing 0001 =~ 0.01 x 0.1 1 t EMC-effect
energy QCD Superfast quarks
X DENSE < [fixed Q]
rGa(, Q5) 2 13 ~—04 £|8 @ REGIOR = DENSE
T Q2 V1= e AT g SO REGION
® ° % BK/JIMWLK o
Where is the novel non-linear E :
. = DILUTE
regime of QCD that leads to the | REGION @ A .
o g o c DILUTE
saturation of parton densities? : REGION @
In }\QCD n Q In A
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LH.O Accelerators:

M Klein, O Bruening on Lols for future ep:

Snowmass Meeting on TeV Colliders LH e C' P E R LE and

8 July 2020, for the LHeC+PERLE+FCCeh

Powerful ERL for Experiments @ Orsay
CDR: 1705.08783 J.Phys.G
CERN-ACC-Note-2018-0086 (ESSP)

Operation: 2025+, Cost: O(20) MEuro

LHeC ERL Parameters and Configuration
.=20mA, 802 MHz SRF, 3 turns >
E.=500 MeV - first 10 MW ERL facility

_ BINP, CERN, Daresbury, Jlab, Liverpool, Orsay (1JC), +
50 x 7000 GeV2: 1.2 TeV ep collider

» 2 Linacs (Four 5-Ce&ll 801.58 MHz SC cavities)

Operation: 2035+, Cost: O(1) BCHF © 3tuma {160 MeVtum)
CDR: 1206.2913 J.Phys.G (550 citations)
Upgrade to 1034 cms, for Higgs, BSM

CERN-ACC-Note-2018-0084 (ESSP)

Footprint: 24 x 5.5 x 0.8 m*

CERN-ACC-Note-2020-0002 »arXiv (July)

60 x 50000 GeV2: 3.5 TeV ep collider

Operation: 2050+, Cost (of ep) O(1-2) BCHF
Concurrent Operation with FCC-hh

FCC CDR:

Eur.Phys.J.ST 228 (2019) 6, 474 Physics
Eur.Phys.J.ST 228 (2019) 4, 755 FCC-hh/eh

Future CERN Colliders: 1810.13022 Bordry+

€A and high parton densities at the LHeC and FCC-he: |. Introduction. 4
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LH-C

Accelerators:

M Klein, O Bruening on Lols for future ep:

Snowmass Meeting on TeV Colliders
8 July 2020, for the LHeC+PERLE+FCCeh

50 x 7000 GeVZ: 1.2 TeV ep collider

Operation: 2035+, Cost: O(1) BCHF
CDR: 1206.2913 J.Phys.G (550 citations)
Upgrade to 1034 cms, for Higgs, BSM
CERN-ACC-Note-2018-0084 (ESSP)

CERN-ACC-Note-2020-0002 »arXiv (July)

_Hel(, PERLE and

Powerful ERL for Experiments @ Orsay
CDR: 1705.08783 J.Phys.G
CERN-ACC-Note-2018-0086 (ESSP)

Operation: 2025+, Cost: O(20) MEuro
LHeC ERL Parameters and Configuratic

.=20mA, 802 MHz SRF, 3 turns =
E.=500 MeV - first 10 MW ERL facility

BINP, CERN, Daresbury, Jlab, Liverpool, Orsay (JC), +

» 2 Linacs (Four 5-C&ll 801.58 MHz SC cavities)
« 3 turns (160 MeViAum)

« Max, beam energy 500 MeV

parameter [unit| LHeC (HL-LHC) | eA at HE-LHC | FCC-he
Epy, [PeV] 0.574 1.03 4.1
F. [GeV] 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
Tons per bunch [10°] ePb 1.8 1.8 1.8
YeA |pm] 1.5 1.0 0.9
Electrons per bunch [10”] 4.67 6.2 12.5
Electron current [mA] 15 20 20
[P beta function 3% |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
54

Luminosity [10°% cm™2s™!]

18

FCC CDR:

Footprint: 24 x 55 x 0.8 m*

60 x 50000 GeV2: 3.5 TeV ep collider

Operation: 2050+, Cost (of ep) O(1-2) BCHF

Concurrent Operation with FCC-hh

Eur.Phys.J.ST 228 (2019) 6, 474 Physics
Eur.Phys.J.ST 228 (2019) 4, 755 FCC-hh/eh

Future CERN Colliders: 1810.13022 Bordry+
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LH.O Kinematics:

principles calculations in collinear and non-
collinear frameworks.

>

107 g e DIS offers:
1 O_ “Au(100)+e(20) 0,00 | <y<| _ =» A clean experimental environment: low

- 2%°pp(2750)+e(50) : multiplicity, no pileup, fully constrained kinematics;
N 3 =» A more controlled theoretical setup: many first-
1045—

Q? (GeV?)
2,
L,

X
®

sat Pb( )

; 109%_' |||||||| I |||||||| I |||||||| I |||||||| I TTTTI [ TTTTI [T TTI I TTTT 'fi NA-IOQ U'traperipheral 06 Nu I Dls& DYd t
= = 208 i . clear ala:
a 108 Pb(2750)+e(60) A' 8 108 soenm FCCY (lyl < 4) ® NMC (DIS)
10= = F e 107 FCC J/¥ (lyl < 4) B SLAC-E139 (DIS)
= D Y+4+v o 107 O = === LHCY (lyl <2.5) FNAL-E665 (DIS)
L B oL (/3¢ | 10°E LHC J¥ (lyl <2.5) A EMC (DIS)
= 3 = 1 - RHIC J/¥ (lyl<2) % FNAL-E772 (DY)
E / § _ 10° pA lak /... = 1055?
- EI: |||||||| [ L 11T [ | | IIIIIIII | |||||||| | |||||||| | ||||-H-l-l- N> E ‘ / i 1O4é
0l B i et bt cnd G | 10F 160501389  UPCs
XA S { eV 7/ 10;
. = N2 A | S
® Extension up to 4-5 orders o Sl 0 5.0667 /1 OCE
) ) ? //— /4 | / / 1 O E— "."".uu-u||l|lulli“‘--_—___=_1\_
of magnitude in x and Q2 wrt. 10f [ ] Ao SR Prese \;_ R e 2
. . . - / R\H vy 55 ) = non-perturbative
existing DIS data; 2-3 wrt. e 1 107 .
10_1_:|=| «n am UL | |||””| | |||””| | |||””| | |||””| | ||||-LLE 10—2_ | llllllll | llllllll | llllllll | llllllll | llllllll | llllllll | llllllll L
EIC. 108 107 10° 10° 10* 10° 102 107 1 10® 10" 10° 10> 10™* 10 102 107" 1
Xp X
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LH.C Detector: ep/eA version

® | degree acceptance (|n|<4.7) LHeC (FCC-he): R=4.6 (6.2) m,L=13.6 (19.3) m R
I"eqUII"ed for Sma” X and H. e ettt R «— 487
® Central detector: increased tracker

radius wrt CDR, radiation level |/1000 2
wrt LHC — ideal for CMOS etc.

® Forward/backward detectors: e-, Y- - 156
taggers, ZDC, p-spectrometer ) n

(FP420).

e Installation in IP2, keeping L3
magnet, feasible in two years.

e FCC: larger tracking, two solenoids!?

N e N/ /e // /4 . T TmTmrmmmm 1 pixe| |ayer
| !
J ===== 1 circ.-elliptical pixel layer
mal dipcle Electron
emala - B - === circular-elliptical beam-pipe Z (m) 420 1 00 Tagger -1 20
S e — | to accommodate synchrotron -
— I — radiation fan
Proton Zero Degree 62 Photon
< > Spectrometer Calorimeter Tagger

€A and high parton densities at the LHeC and FCC-he: |. Introduction. 6 N.Armesto, 07.07.2022




LH.O Detector: eh/hh version

® Accelerator considerations to combine the ALICE3 and LHeC experiments at |IP2 of HL-LHC.

® Two modes of operation:

All Numbers [cm]

=» hh collisions in IP I, 2,5 and
8, no e-beam.

=¥ eh collisions in IP 2 and hh
collisions in IP |, 5 and 8. o two

e/A/p Tracker Tracker Bwd

00
T T

vert. plane y >

€A and high parton densities at the LHeC and FCC-he: |. Introduction. 7 N.Armesto, 07.07.2022



LH~C

Pseudodata:

A2 2
Q? (GeV?) Q* (GeV?)
107__"'1__| |||||||| [ |||||||| [ T TTTI [ T TTTI [ T TTTI [ T TTTI [ ||||ﬁ'% 107__"'1_—| IIIIIII| [ IIIIIII| [ IIIIIII| I |||||||| [ |||||||| [ T TTTI I ||||ﬁ'§ T T Illllll T T IIIIII T T IIIIIII T T lllll! T T T TTTT
— - — - 5 ,
- g - . 10 I "1"") cut LHC dijets_é
10° HERA o 10°=  LHeC charm, EPPS16*, Pb 5 . E T @ -
= LHeC, P 0 CLImT - LHeC NC+CC, xFitter, Pb @ C% I LHCW & Z
5 5 o — 4 | L
10°E (> O 10° ¥ QIWNRE ~ 10 E  0OJLab Hall-C
- ] EE Em : : Eﬁf > E 0 JLabCLAS
10* = Do 0 o] K 10*E PPh@LHE. L I igh%%us DIS
= OO0 O [E6]esWeIEH = ® ® ®® 0ogEp] 3 L '
: O DO (306l e S<TsIEH : ®® ® o® oof - 10 = ® pA Drell-Yan EPPSZ | y 2 | | 2 | 2462
103 — BB EELES 3 . 103 — w ®m® 000 & o — - # 7A Drell-Yan
- 00 O Qefesss & b Hdmi - ® ® o0 © Fo pH I [ [ PHENIX 7’
- 0 00 oisreridsd & B - ©® © ©0 & ©9 - 2 |
102 e BN LNER e m — 10° ® BE B B 0 O = 10 = :
= Bl ® @é’;ﬁ'?;@:ﬁg'm = = ¥ ® B® ® FE ® & = - :
= rujof i Xl RERE n - BE ® B® & ] i i
10 O g g &%—I’ﬁ'ﬁ?&'. 3 g E i — 10 ¥ EBE & EBy ;Jdkétg@g Present E i D mesons P
— e m?@?;@:ig:ﬁ = = m ® FE® ® B854 ® ®ODPS+DY-FV = 10 = =
B N - ¥ % RHIC ] e =
e E e E I NMC DIS }
: : : : l | | Illllll | | IllIIII | | ||IIII| | | lllllll | l-"'.llllll
10—1_l_| |||||||| l |||||||| l |||||||| l |||||||| l |||||||| | |||||||| | ||||H.|.|. 10_1-I—I |||||||| I |||||||| I |||||||| I |||||||| I |||||||| I |||||||| I IIIIH-I-I- _5 _4 _3 -2 -]
107 10° 10° 10* 10° 102 10'_ 1 107 10° 10° 10* 10° 102 107 1 10 10 10 107 5 10 1
® Pseudodata generated using a code (Max Klein) validated
with the HI MC. < — . = -
ource of uncertainty rror on the source or cross section
e Cuts: ‘nmax‘—S, 0.95< y< 0.001. scattered electron energy scale 0.1 %
® Error assumptions ~ factor 2 better than at HERA scattered electron polar angle o
. . . . hadronic energy scale 0.5 %
(Ium|n05|ty uncertalnty kept aSIde)° calorimeter noise (y < 0.01) 1-3 %
e Stat./syst. errors (ePb@FCC-he) from 0.1/1.2% (small x, fidiative SOI‘I‘?C“%“SI( | 112(7%
o 2 photoproduction backgroun Jo
NC) to 37/6% (Iarge X & Q ’ CC) global efficiency error 0.7 %
eA and high parton densities at the LHeC and FCC-he: 2. Nuclear PDFs. 8 N.Armesto, 07.07.2022




LH.O EPPS | 6*: results

® Large effect of NC+CC LHeC pseudodata, and of charm on the glue at small x.

e Limitation on u/d decomposition inherent to almost isospin symmetric nuclei (u/d difference
suppressed by 2Z/A-1).

EPPS16* LHeC fit no charm LHeC fit full

Cg\ 1.6 i | IIIIIII| '._-I Illr.l-lai:- '.-L:'E-IIIII| IIIIIIII| IIIIIIE CG_\ 1.6 B | II'.I“IIII| IIIIIIII| IIIIIIII| IIIIIIII| [ IIIIIE CG\ 1.6 i [ IIIIIII| IIIIIIII| IIIIIIII| [ TTTTT IIIIIIE

> 14 & > 14 > 14 L |

S 19 b S 19 E S 19 [ P,

® Possible further 200 dn % 12,k I S i 1
— _ ‘ — — 7k +

Improvements: 108 8 |08 3 1o
& 06 [ S 0.6 HON06 B

Q) — Q) '-.‘— Q) e, R u

beauty, c-tagged 504 ¢ S H g4 N .
> O . 2 B ‘,: :_-‘_‘- '.:..Z’:_- s 3 O | 2 B . .::.,‘_ . o~ ] o O . 2 IR L :".: ‘.‘-‘-;‘-'. o 7

A o 1 A T 1 A > B |

CC for StrangeO m 0.0 i | llllllll | llllllll l.:l.“l.lfl‘llll. | llllllll L L m 0.0 | IIIIIIIII.”I.[‘.I‘“I‘II] | llllllll | llllllll L m 0.0 | I.HII'II{“.:I:’IIIIIIII | llllllll | llllllll L L
107 10" 10° 107 10™ 10° 10™ 10° 102 10" 1 10° 10™ 10° 102 10" 1

€T €T €T

1
-3 Ve
g UNCONS'Il'IZAINED e Glue

LHeC fit no charm LHeC fit full

\ . ”I__I_I.I.I.II'II'..I IIIIIII| I IIIIIII| I IIIIIII| I TTTT 1.6 I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I TTTI 1.6 I IIIIIII| I IIIIIII| I IIIIIII| T TTTI T TTTI
\\W S— . ".""’ : | — CG; 1 .4 I
L C x s - -4 @ 1.2
- e 1 @) B
S R A S S 1.0
.— — —
5;{ : i | 0.8 Rt
| FUUTPPTTITILL L | 5 | u N L
P - S 0.6 1 R 0.6 ¢ 1 X 0.6 |
P W= 5 0.4 - H 504 1 - 504 -
\\\\\-/:;fi‘ 2502 41 £s02 1 £s02 1
m 0 O | IIIIIII| | IIIIIII| l IIIIlllI | llllllll [ EERI m O 0 | llllllll | llllllll | llllllll | llllllll L 1L m O O | llllllll | llllllll | llllllll | llllllll L1l
-0 -4 -3 -2 -1 -0 -1 -3 -2 -1 -9 -4 -3 -2 -1
107 100 107 107 100 1 107 107 107 107 100 1 107 100 107 107 100 1
X X X
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LH.0 Single nucleus fit: results

e Pb-only PDFs by fitting

NC+CC, using xFitter % e T a0 e % o200 s

(1410.4412) to estimate o U  Gea S . T Glue -

uncertainties coming solely & z —d

from achievable experimental <.E < S L

precision.

® Large improvements at all ‘“%: o, HERAPDF20 NNLO, citer, 2= ‘% :ﬁ o, HERAPDF20 NNLO, citer, 2=

x (glue), but note the O ckcoon S Hecirecr

different tolerances. X X .

® Fit to a single nucleus :E’ - :@j N

possible: no A R Cox
. & UNCONSTRAINED < . UNCONSTRAINED .

parametrizations. E T HERAPDF20 NNLO, sfiter, 7 Egj ee | leesrocen 03

® Further:c, b, c-tagged CC o - =3 j

for s, more flexible functional £ = <

forms at small x? Emfg . gn:: :

e Test of factorisation in pA. < < TTx

e and high parton densities at the LHeC and FCC-he: 2. Nuclear PDFs. 10 N.Armesto, 07.07.2022




LH-C

Saturation: inclusive observables[(G==D)

® Searching for this new dynamics requires:

=» Kinematic reach -

lever arm in Q2 at small x to look for the tension between observables (F,

FL, F2HQ): new studies confirm that linear evolution cannot accommodate saturation even at
NNLO or NNLO+NLLx. Note that precision at high Q?Z helps'

=» Varying nuclear size to definitively : T
disentangle resummation from non-linear
o b ¢++
dynamics (see 1702.00839 for the need of lever arm!). b M + ‘q
. NNPDF3.1sx, Q* = 5 GeV? . NNPDF3.1sx, Q° = SGeV 0 "').,. T x 10
S | S F T o rascey ?
§  Pseudo-Data 04
10 | - 0;_ +0++++ +ﬁ
\\\\\ N\\\\\\\\\\\\\\\\.~.: Fl04 Q "=2000 GeV -
T T . = AEAAE:
1710.05935 "

0.5

— 0.4._

— 0.3 —

— 02_

1 0

Q *=85GeV °

‘+++o+ i

|
10*

0.5

04 -

03

402!

100+

10

|
Q *=200GeV °

**§+¢+

R |
10"

N J
lﬂ.z X

0.5

— 0.4._

— 0-‘ -

E 0.2

] 0.1

Q *=5000 GeV °

m<H1>
® LHeC |

ARALL:

10° X

€A and high parton densities at the LHeC and FCC-he: 3. Further topics.

N.Armesto, 0/7.07.2022




LH.C Looking for non-linear dynamics:

® New studies confirm that linear evolution cannot accommodate saturation even at NNLO or
NNLO+NLLx. Note that precision at high Q?Z helps!
F2 proton F L proton

DGLAP-based LHeC pseudo-data (PDF4LHC15) Saturation LHeC pseudo-data (for x < 10°%) F, difference (%) F, difference (%)

0-4 L 1 b g 1 b L) L} L T L) T L) L T L) T T ! T 77 L™ S 5= S S - ———— . LB B L™~
- - .- - — —
F T TS ] S e 60 60
. aas fit - 0.9_ LA flt -
o %_ Shh pre- ] - ::::pre- .
. - DN ] 08_ - v
- “aa - r Ty . 2
- ‘s - -1 - vere - - - .
03F—{# post-fit - : % nost-fit E
L e L — -
- Y vare —
- . 0.7¢ - ] 10 10
— — - —~ _
- — - —
- — - - - -
0.25 = 0.6 77 -
= B [ AR — - o - 1
— k= | feeeaaas - o s
= O R [ i - = - . i
= L 0 s reyass =
3 ooF— | JEEEETTAY . 3 osf R
— e . SRR SENY SN — - -
T N [ S s S NN SN ™~
e Y I [ TR DO Dy -— = I\\\
»n =S N | PP rrs SRR RO B 04— Hrd— e 0 0
- - - -
lllllll R
60_15 - ey -——— d N R ,.,__I\\\
— Gapaaa N | BN
— sabsss Attt tdssseyYY™™"0 ¢+ ' ©» - el WWasssss ALARRRNRY
- PPPrr e ey BURRRRRY 03— R RN
PP SO DR S O I T - S S ) SRS
- P SO R i £ T T - S SR L% S SN
0 1 v - Sy \: \\\\\
R = 43 N S L B I T T L
AAR A2 LR ] R - R L P NN I W N I N SUTRNSNMAIIAAAIIAI L m—————~—Tvr
- 4 0‘2'— \\\\\\\\\\\\\
- a o ol L I S S (5 LSRN
— S y b PR rrr T s AW SETTS
o w - - - o - SR 5 SN C
il S .
= | 0t -10 -10
P Y L D Y A E— L AR RN A -l
- ‘s & — - 2 El'l'! \\\\\\\\\ -
Y . 9 Ry SRR SRR -
ﬁ- 1 1 l;“&“ ’ LT . q-l L LEY s gy L1 L L1 L L 1 1 ASESRMSRESR MY !‘&i 1 [
- -
4 06 08 1.2 14 16 ) 1 2 3 24|» /h? 6 7 8 =

103

h DGLAP Satdration with DGLAP ~~ ©° ¢ 1 =

X X

_2203.05846
Proton  , yierence % nucleus  ; gerence o0

DGLAP wX

0.5_ ' ' A 4 ) G ¢ A T T T T LI
~ RN | = 60 60
- v DGLAP pseudo-gata : -
045\ TTTTIIE d : —
— 0 R SAAAAAN . —
oab—i N\ F
. - Ui B R N
E i “iasw Saturation pseudo-ada 3 10 10
: [ U YT :
0.35——}—\..| 777775~ —
- -
— —e
— —e
5 03—\ 3
a — —
= - Y - . 0 0
—
,9 0.25F | N e —
-— - VLRI -
m el D B A \ A A A AN —
o —_
5 0-2.. N OO .
- N TR - 10 10
— H - - -
0'15— T T IRSS AN A Y s, —
— A A L L L L A R ' -
- : RITELRERRRLRE .
— - —
—— . s s s 0 0 0 o PP PN —t
01— N : - -60 -60
- H A AR [ -
= RN w2 =
0.05[- D e 3 N v _—
- R RN s ssA YT s -
- RASSSSSRANNNNNNNNNY Y L -
RASSSSRssNNNNAANS LY L s s sy Bl R R LR
c" Lol Rasshsshsshashsshssier e deg9999e xSy s » | | p | L
06 08 1 12 14 16 18

€A and high parton densities at the LHeC and FCC-he: 3. Further topics. 12 N.Armesto, 07.07.2022




LH.O Elastic VM production:

Y(Q°) VM e Challenging experimental Y (@) um
S D problem. NNV D
(W) e Coherent case: energy (W)
. n
A AL A deperfdence and dips. A <
\___/ h . c o o k\_& — A!
- . ® |Aicoherent case: sensitivity to " n
L) P uctuations. ‘A o JwA
_ b—Sat - =0
C =0, 0= 0 Em e At = 2v/—tApp (J/0)
3 25| Saturation nosot, E ~— b-NonSat Apr < 10 MeV
E offects glo W= 400 Gov At < 0.01 GeV?
S

= "
' *~
e, n
; R A
- LN A
107 | g ™
- L 5 .
- \
'
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LH.O Elastic VM production:

2 . .
M VM e Challenging experimental Y (@) M
) problem. Wl
(W) e Coherent case: energy (W)
A ) : 0 n I

7 —— round ]
10%) - - - fluctuations

- K
106) e+Pb—e+Jy+Pb"
B W=0.1,0.8,2.5 TeV,0° =0
O 10°} |
\ ]
i,
=,
+ 10
~—
=
10%}
: | A Mantysaari, Schenke |
: 10=} RN ;
N 1905.06759 e 0.0 0.2 0.3 0.4 0.5
) U Y SN SR SNV et o (Gev?

W [GeV]
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LH.O Nuclear diffractive PDFs: G=3

‘e Diffractive PDFs give the conditional probability of measuring a parton in the hadron with the
hadron remaining intact: ~10 7% events at HERA are diffractive!

® Never measured in nuclei (enhancement expected), incoherent diffraction dominant above
relatively small -t: interplay between multiple scattering and survival probability of the colourless
exchange (rapidity gap), relation between diffraction in ep and nuclear shadowing = MPlIs, CEP.

o At the LHeC/FCC-he, extractable in nuclei with the same accuracy as in proton.
LHeC/FCC-he, coherent diffraction o DPOE error barde o Bop <1t

|90| 09076 NA PN AS Wo]tek Slominski Q2. ~5GeV2 Gnax = 0.1, CL = 68%, Srom =0

107 [ T T e e e e e ————— r ' ——rr—
"HWiRG o S NOt 0.3 ,‘ §§ ZEUSS) "/ 03 | i< -
106 |- HERAFLPS SRR REN SRS R SRR E,=7 i

R RN L SLL UL LT L SR T L ALE U R U S BRI O6 sy ° ° ° O E =50

10 _.‘oii"‘,j‘._ existing in - ¥ o3 02 7/// :

o Ll g nuclel N\ "' ////7//////////// ' ///////////////

<
s 7 AL G Y] . : 0[5 vv
D 102 _-:“‘;;1‘11‘1:'“‘A},if“:11—_ 7 / ///// /// ////
101 _:4 §1§‘17;11111_“~-",;&’f*x“jj_ -0. -0-1
L el T :
100 L A e 0. : _0_2
FCC-eh [ | LHeC HERA 2 2 E 2 2
10 g0 cer| 60 Gev | 275 Gev o =6 GeV 03k : =20 GeV
102 Lo | | ..|..5.|...|...|... ...|...|§..|...|. -
10-8 107 106 105 104 103 102 101 10> 10% 103 102 107 10> 104 103 102 101
X = B§ Z Z
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LH.O Summary:

E I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIiii%

e The LHeC (and the FCC-he) will explore a § 197 A u(100)+(20) :

completely new region in the x-Q2 plane, enlarging 10°E° 2085 ;

the one presently explored in DIS by ~4 orders of JofL b(2750)+e(50) 0.001<y<t /" _

magnitude down in x and up in Q2.

=?» A precise determination of nPDFs and 10* = pEORITNG A f

nDPDFs will be possible, that cannot be matched > 35 / ;

at hadron colliders = factorisation. = 0F / /=

O :Qsat,Pb(x) -

=» Tests of small-x dynamics by studying both ep ~ 10° =

and eA. : Z AAu@ -

10 ' =

=» Studies of the transverse structure of p and A. a4

1k /

Therefore: precision (for understanding nuclear _F / / o -

structure in a totally new kinematic domain and for " ;5 157 10 10° 104 10° 102 100
its use in present and future pA/AA) & discovery Xa

=» Thanks to the organisers.
=» Thank you very much for your attention.

(of a genuinely new regime of QCD).

A and high parton densities at the LHeC and FCC-he. 5 N.Armesto, 07.07.2022
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LH-C

Dynamlcs in pA/AA:

e Nucleus # Zp+(A-Z)n.
‘@ Particle production at large

scales similar to pp (dilute regime).

' Medium behaves very early like a
low viscosity liquid: macroscopic

description.

‘ Medium is very opaque to
ucoloured particles traversing it.

11

Gluons from saturated nuclei =

[B. Cole]

Glasma?

® Lack of information about small-
X partons, correlations and
transverse structure.

® Ve do not understand the
dense regime.

Reconfinement

® How isotropised the system
becomes!?

® Why is hydro effective so fast,
which dynamics?

® Dynamical mechanisms for such
opacity?! Weak or strong coupling?
® How to extract accurately
medium parameters!

=?» Nuclear WF and
mechanism of particle
production.

=» Initial conditions; how
small can a system become
and still show “collectivity”?

= In-medium QCD
radiation, cold nuclear
effects on hard probes.

€A and high parton densities at the LHeC and FCC-he: |. Introduction. 17
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Quick reminder:

Kinematics: el O =- q = —( k k' )2 Measure of
v K,/ - " resolution
&) e Q°=2E E'(1-cos® ) P
al !
y= pq =1- ECOS 2 Measure of
| P k Ee ) inelasticity
f——:: X (p," 2 2 Measure of
Pp,) T i =4F.F \ = Q — Q_ momentum
| | ST t “e ' v fraction of
High lumi & acceptance Pi Y kol
Exclusive DIS .
detect & identify evernvthing e+p/A = e +h(w,K,p,jet)+... Hadron :
. . | E
Semi-inclusive events: 7=—": P, with respect to y
e+p/A =2 e'+h(m,K,p,jet)+X ey,

detect the scattered lepton in coincidence with identified hadrons/jets

Inclusive events:
e+p/A =2 e'+X
Low lumi & acceptance detect only the scafttered lepton in the detector

€A and high parton densities at the LHeC and FCC-he: |. Introduction. 18 N.Armesto, 07.07.2022




Nuclear structure functions:

How much does the structure

LH-C

Flavour dependence?; relation Anti-shadowing
with shadowing and coherence oo, , 00 \ v, ....., of a hadron change when it is
I‘l‘j.""l LI | llllll""l 1 llllll""l T rni ll ° ° °
F t {i  immersed in a nuclear medium?
A i ¥y
1L0F| L A i-41.0
Pb at LHeC/ AU 2 £
ECCath < at ~09F Fermi-motion
he 2 b e e
) EIC_ = ¢ s SAcEwren 1% 1 Short versus long range
SEL A " NS N8 correlations, pion cloud,

—— Parameterization

Multiple scattering, ¢ - Ertor in parameterization intrinsic charm, ...

).7 P R | 1 lllllllAAAAl 1 lllllll;;;;l 1 gt ij &) § if | .-
saturation,..., hlgh- . o001~ 0 7% PO T 7 TR EMC-effect
Shadowing X
Superfast quarks

energy QCD
(+ A0+ X A(, 2 NARRNES B
IDIS = E () ® Gy (1)

® Bound nucleon# free L
?_Q.’QSQ *
nucleon: search for process v
Nuclear PDFs, obeying Usual perturbative

independent nPDFs that the standard DGLAP  coefficient functions

realise this condition, within

n,A

: . . ‘ f’L A measured
collinear factorisation. P4z, Q?) = / !

~
~

Pl ()2 —
fz (l'e @ ) R = expected if no nuclear effects
Afz /p

€A and high parton densities at the LHeC and FCC-he: |. Introduction. 19 N.Armesto, 07.07.2022




LH.C Nuclear structure functions:

0 At an ep/eA colllder
. => PDF of a single nucleus possible, no need of ratios that would be obtained a posteriori. |,
=?» Same method of extraction in both ep and eA. |
. => Physics beyond standard collinear factorisation can be studied in a single setup, with size |
| effects disentangled from energy effects and a Iarge lever arm |n X at perturbatlve Q=

- E’v o1 o SIACEGFeD 19 | o o .
OSE A AT L e an T W®  correlations, plon cloud,
: : ‘ — Parameterization - : .
Multiple scattering, ¢ - Error in paranicterization intrinsic charm,...

07§ | | 4 (07

saturation,...; high- . L L T EMC-effect
Shadowing X
Superfast quarks

energy QCD

(LAY A o Alti—04+X
Onita l O' {

e Bound nucleon# free D15 Z fE) @ o (1)

?_Q.‘Q7J *
nucleon: search for process v
: Nuclear PDFs, obeying  Usual perturbative
mdependent nPDFs that the standard DGLAP coefficient functions
realise this condition, within fi/a

. . . p, A D/ A2 o ( ~ measured
collinear factorisation. P (x, fr(z, Q%) R = Af, expected if no nuclear effects
i/p

€A and high parton densities at the LHeC and FCC-he: |. Introduction. 20 N.Armesto, 07.07.2022



LH-C Small-x physics:

e HERA found xg a x03. S0 10 [N
® Present data can be described by: ol L
=¥ Linear evolution approaches, either _
DGLAP or resummation at low x. 6 | _ |
i . - . : jj};::: : N 9 ~—0.9
=» Non-linear approaches - weak coupling . _ l = Q/s O<

but high density: saturation.

® Theory: at high energies (i.e. small x),

non-linear dynamics must be present. By
Where is it? At HERA:

=» Hints of failure of DGLAP at small x, Q2, X @ = [fxed Q]
resummation? k-3 B DENSE
=» No ridge azimuthal structures yet found. 2 e
e Saturation is density-driven: Ix/TA = g . REGION @ A .
- : BFKL DILUTE
ep&eA + range in 1/x & Q2 - SE— RECION @
essential for full understanding. n Aoco nQ "

A and high parton densities at the LHeC and FCC-he: I. Introduction. 21 N.Armesto, 07.07.2022




LH.O Accelerators:

1000000
® Lepton Colliders
. . < 100000 - B Hadron Colliders| 100 TeV FECPP
® | HeC idea born in 2005: 3 > Linear Colliders ccCon B SPRC
de of the HL-LHC = Tt
upgrade o the ) to 5 Electron-Proton Colliders LHC -~ - A0Tev
study DIS at the terascale. s 0000 1 = FCC-eh
5 evatr n’,’ LHeC CLIC
c " R
e It must be able to S 1000 - == ILC  CLIC ILC
K7 ; l-'SppS HERA S @
run concurrently = & -~~~ - FCC-ee
. O - 1SR LEP ||
with pp (also FCC-he), g 100 - g PETRA® SLC CEPC
SR C ® TRISTAN EIC
plus limitations on power = soris ® PEP
Consumptlon’ hlgh "‘?- 10 - SPEAR’ © CESR Tevatron/H ERA/
Iuminosity for nggS g © ADONE LEP (fermlscale) -
studies,... = energy § 1 @@ VEPP2 HL-LHC/LHeC/
| | PRIN-STAN ete- (terascale)
recovery linac as baseline.
0.1 1 .
1960 1980 2000 2020 2040 2060
Year
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LH.C Machines: ep/eA

Lepton-proton/nucleus scattering facilities

® Projects of eA colliders with

~ 1010
Ecm ~ O(0.1) TeV/A (EICs at US T 10 e
. £ 10° O = HERA ond CERN
and Chlna) and @( I ) TeV/A g@ g MESA Jlab 6412 = EIC Projects
© 10" = 11 m Fixed Target
(LHeC and FCC-he at CERN) — : -
2 107 -
addressing different physics. s
g 10
3 105
Cormgy o 4l

-
&
\ \HHHE

AN

HERMES
[ ]
NMC
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LH.C Summary of physics:

Neutral | . ® ep/eA colliders are the cleanest High Resolution
Current / Current \Y M; .
~ %Z @ — < W icroscope:
2 2 ™ =¥ Precision and discovery in QCD;

N
Y i = Study of EW /VBF production, LQ, multi-jet final states,

> : forward objects,...
3 10’
S f O3 Fecohe ® Empower the LHC Search Programme (e.g. PDF, EW
# c /1 BSM
0% = wema ~==  measurements).
T = sin‘@
105;‘ 7 :béng /To ,Hi»x 3
- [ ] SLAC s e . . o . ol
104 y gluon ® Transform the LHC into a high precision Higgs facility.
: /A Higgs | S
M 3] - Precision - ES =
- - QCD,a, ~— scp . . .
7 e e ® Has unique and complementary discovery potential
0%} C L ip) fE . .
£ PR g of BSM particles (prompt and long-lived).
S 0 L W [ree—————uaaae
Ay - = e Overall: a unique Particle and Nuclear
0 bt S i e Py Sics Facility.
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LH-C

Luminosities:

Parameter [unit] LHeC CDR | ep at HL-LHC | ep at HE-LHC | FCC-he %am[ll_}jj\‘jl]" [unit] LHeC O(I;;ZLHQ eA at ﬁg‘LHC e
E, [‘1:e\/] 7 7 13.5 50 Ejb[ch] o0 50 o0
E. |GeV] 60 60 60 60 V/Sen electron-nucleon [TeV] 0.8 1.1 2.2
Vs [TeV] | 1.3 1.3 1.7 3.5 Bunch spacing |ns] 50 50 100
Eunoh Sp‘dClI}lg [n;] 101 257 2252 220 25 No. of bunches Pb 1200 1200 2079
rotons per bunch |10 L. : 9 I Tons per bunch [10°] 1.8 1.8 1.8
Vep [Hm] 3.7 ep 2 2.9 2.2 YeA |pm] € 1.5 1.0 0.9
Electrons per bunch [109] 1 2.3 3.0 3.0 Electrons per bunch [10”] 4.67 6.2 12.5
Electron current [mA| 6.4 15 20 20 Electron current [mA] 15 20 20
[P beta function 3} [cm] 10 7 10 15 [P beta function A% |cm] 7 10 15
Hourglass factor Hge,, 0.9 0.9 0.9 0.9 Hourglass factor Hgyeom 0.9 0.9 0.9
Pinch factor H,_, 1.3 1.3 1.3 1.3 Pinch faCt.OI' Hy_y, 1.3 1.3 1.3
Prot(.)n ﬁlling ;I;ECO“ _— 0.8 0.8 0.8 0.8 Eum’h ﬁl‘ltmgloilgou P 0%8 (is %j
Luminosity [10°° cm™*s™"] 1 8 12 15 uminosity | cm”"s™ |
1000 [ Ut 1810.13022; O. Bruning at EPS-HEP 2019 and talk here
200 Dedicated B
Run e P=10.8 (electrons).
600 ® Positrons: P=0, |/100 luminosity.
400 ® FCC-he could deliver integrated luminosities
Run 5 Run 6 ~ _1 - :
500 — B 2 ab-!, depending on pp operation.
1S4 : : .o :
, - x B I ® e¢Pb integrated luminosities can be estimated
1 2 3 s 6 7 8 9 10 11 12 13 14 15 |/100 those in ep (~10 times smaller luminosity

years

times ~10 times smaller running time).

€A and high parton densities at the LHeC and FCC-he: |. Introduction.
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LH.O Pseudodata:

E. (GeV) Eh (TeV/nucleon) Polarisation Luminosity (fb-') NC/CC # c!ata

60 (e) | (p) 0 100 CC 93
60 (e) | (p) 0 100 NC 136
60 (e) 7 (p) -0.8 1000 CC | 14

ep@LHeC, 1005 data points for Q2=3.5 60 (e) 7 (p) 0.8 300 CC 113
GeV? 60 (e*) 7 (p) 0 100 CC 109
60 (e) 7 (p) -0.8 1000 NC 159
60 (e) 7 (p) 0.8 300 NC 159
60 (e*) 7 (p) 0 100 NC |57

20 (e) 2.75 (Pb) -0.8 0.03 CC 51

20 (e) 2.75 (Pb) -0.8 0.03 NC 93

ePb@LHeC, 484 data points for Q2=3.5 26.9 (e) 2.75 (Pb) -0.8 0.02 CC 55
GeV? 26.9 (e) 2.75 (Pb) -0.8 0.02 NC 98

60 (e) 2.75 (Pb) -0.8 I CC 85
60 (e) 2.75 (Pb) -0.8 | NC 129

20 (e) 7 (p) 0 100 CC 46

20 (e) 7 (p) 0 100 NC 89

60 (e) 50 (p) -0.8 1000 CC 67

ep@FCC-he, 619 data points for Q2=3.5 60 (e) 50 (p) 0.8 300 CC 65
GeV? 60 (e*) 50 (p) 0 100 CC 60

60 (e) 50 (p) -0.8 1000 NC |11
60 (e) 50 (p) 0.8 300 NC 110
60 (e*) 50 (p) 0 100 NC |07

ePb@FCC-he, 150 data points for Q2=3.5 60 (e) 20 (Pb) -0.8 10 CC 58
GeV? 60 (e°) 20 (Pb) -0.8 10 NC 101

eA and high parton densities at the LHeC and FCC-he: 2. Nuclear PDFs. 26 N.Armesto, 07.07.2022




LH.O Pseudodata:

Q? (GeV?) Q? (GeV?)

10 _'_Fl |||||||| | |||||||| T T TTIT T T TTTT0 T T TTTT0 T TTTT | ||||1—|—% 10 I IIIIIII| I T TTTT I IIIIIII| I IIIIIII| T TTTI I T TTTT I IIIH‘I‘_E'_
- HERA i - ]
10°E ° 10°=  LHeC charm, EPPS16*, Pb
- LHeC, p S = LHeC NC+CC, xFitter, Pb oo
10° » WO 10° ofo iz
. ~ e o ees = © ©cumm]
al e : ® QT -
—— @ 0Oe [
10 = oo O GE:S@MEE% 1045_ pr@L. 0 Oy
: O OO0 [3s0 s sHToIEH - ® ®® Omf
10 m om muiidd bk - *® ® &6 FOHP A
- 00 O et @ 8§ e 10° ® B® ©06 9 65
t 0 00 0289 4%4 0 fidns S © & 00 & FOFL 3
—— moE mESewnttddb hm - -
107 nm om mENEERTALE L - s oo o oae sl
o ® mm &Nﬂ'ﬂj‘g’i‘éf}'ﬁ'm n = ® ® BE ® e ® @ 3
_ B oE BRIEIN AT @ — - iE ® BE F ]
e T A THHTH: fob . we w »s/ORUC Present |
1:_ _: E ¥ ® ®E® ® ®56 ® ®ODIS+DY'|‘V E
E E — * X * *x x * *R er —
- - 15 =
10_1-I—I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIH—H—I- E E
107 10° 10° 10* 10° 102 107 1 L | | | | | | N
10 [ (N [ (N (R [ L 1111
. 107 10° 10®° 10* 10° 10% 107 1
® Pseudodata generated using a code
(M&X Klem) valldated Wlth the H I MC Source of uncertainty Error on the source or cross section
. — . . . 7,
e Cuts: ‘nmax‘—s, 0.95< )’< 0.001. scattered electron energy scale 0.1 %
. scattered electron polar angle 0.1 mrad
® Error assumptlons ~ factor 2 better hadronic energy scale 0.5 %
. . . calorimeter noise (y < 0.01 1-3 %
than at HERA (luminosity uncertainty onmeter noise (y < 8.9%) !
radiative corrections 1-2 %
|(ept aside). photoproduction background | %
global efficiency error 0.7 %
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LH.O Pseudodata:

a2 ta 2 N2 (M aNI2y
pm— Ll.llel(:l LI I I I L | I e‘:": 16{)1 (l]?\l'l..:: 2.75 '-lre\' LHeC e‘A: 60 Ge\v x 2.75 Te\v "H'_. 1010 'EIJHIe(:: tl ! I eI‘A:I 610 I(I;Iel\l' = 2.715 Tle\;
o E : i 13E I o o o o N B E N ¢
g ot : 5 e, el e .o
z Db Strange AR U SO Charm {[lZ = . , Bottom
= - ¢ N 10! i . " . 3 B‘I 10° . ° 3
6 i f | E < ° L ? E L . 3
e * T 1 ¢l 10" e+ ° .
E 3 ¢ * * f o f i d ¢ . g ¢ y § é ’ ® L g
E N . < 6 s} ¢
105 - . . . * _: [ 10 : o o . ° o] L % 10 ; Py . . -
: + + - 108 E e . * @ . ¢ g - C ° ¢ ¢ *
s P m Z e ° . : 10° l o i
104 : f + i - 3 107 L ¢ . o . I3 L e o ® é ; . . . s ® » ®
? f f ¢ * ¢ ¢ * 10° L ’ ) . « o ® A ’ a 10° 3 ) . o ) 3
B . o ® ° ° . . (] » o : . C . . . » L ;
103 3 f $ B # g ¢ 3 10 ? e ® e o o e o o -g 10 ;r o ® ° - ® 4
E 157, ep 10’ ?— 1fb', ep . « o ¢ o @ ? 10° ;.- a1 ) . E
10°L 0. bed—o.01 ! ! t i t + = 10° £ =0.000005-0.1 e E 1=f3.0]);=)-0.1 ]
é b e T PP I SR S S B
L 10 L o w ? f T ? f eauly Structure function =
R | ! ! T R B B ! ! R B a 1 - a1l TR Ca ot ot a1 e 1 1 TiiLl IE 100 I TR T N I 1 T T T N B B ¢ t LTl [
10° 10° 10* 10) 10 10° 10 . 10’ 10° 10*
Q'/GeV’ | . QY/GeV? : Q'/GeV’
=7 =) -5 ;) =) —2 —1 = -
-1 [ (N [ (N (R [ L 1111
10 10 10 10 10 10 10 X 1 0 | | | | | |
. 107 10° 10®° 10* 10° 10% 107 1
® Pseudodata generated using a code X
(M&X Klem) valldated Wlth the H I MC Source of uncertainty Error on the source or cross section
. — . . 0
e Cuts: ‘nmax‘—s, 0.95< )’< 0.001. scattered electron energy scale 0.1 %
. scattered electron polar angle 0.1 mrad
® Error assumptions ~ factor 2 better | nhadronic energy scale 0.5 %
. . . calorimeter noise (y < 0.01) 1-3 %
than at HERA (luminosity uncertainty TITIEIET 0T 1 .
radiative corrections 1-2 %
|(ept aside). photoproduction background | %
global efficiency error 0.7 %
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LH.0 EPPS 16 setup

® EPPS|6-like analysis updated, with the same data sets plus LHeC NC, CC and charm reduced
cross sections. 1
e Central values generated using EPS09. 12 |

e Same methods and tolerance (Ax2=52) ol
as in EPPS |6, but more flexible functional [T

0
N
o

form at small x Iy
* 0.4 s =

0.2 b )

ap + a1(z — x4)? r < T, ap | o= =

REPPSlG(l‘-) — bO T b1117a + bQil?Qa -+ b3:l?3a To < T < Ty 10” 107 102 10" |

co + (c1 — cox) (1 —:z?.)_B T, < x < 1. o

REppsie

1.0

0.8 |

/ 06 _

Rpew(x < z4) = a.o+(:zt—a:a,)2 a1 + Z a.k_|_2:17k/4 ol

3 02 [~

T T 1.4 I||I
3 |

21.2 H

- LN A Se— |-

. "o, & N c

1.0 [T sssEmEEEEs """"""""""'.‘ sessssEsErtY ""“"ﬁ.‘.l’v\"\\:\'. “"é"‘"""""?x,".:""%"!ﬁ_

/ ; ‘,-,“.;,' .

0.0 i

I
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LH.O EPPS | 6*: results

® Large effect of NC+CC LHeC pseudodata, and of charm on the glue at small x.

e Limitation on u/d decomposition inherent to almost isospin symmetric nuclei (u/d difference
suppressed by 2Z/A-1).

1_2 B I I I I I AR I I I I I AR 1 1 l I I I I I 1 I
: Q?=2GeV2 T Q?=5CeV? T E \ T
N T s € NC. .\ ..
T % T L

08 [

X T B T  mygmogd T T
- mm o -t Ty T T -t o -t -
06 ™" aSar T a I I -
L —_ T T > _ : : 2 T
| 1 . —— ; ——

- Q° =20GeV- T
12 | .

1 1 1 1 1
) ) ) L
-
= -t
= —t -t
1 -0 p ——
= .
o -t
mX T
——

08

Ph P
a r,N(.‘/ Tr NC

o6/
[ Q% = 102 GeV~

12 ——F—+—

——
——
——

|

1
——
— —t
— ——
10 T
— —
— —
e

= EPPS16*
[ 0O LHeC projection

08 -

06 1
C Q2 =5x10°CGeV? T Q% = 10 GeV? TQ*=2x%x10'CeV? T Q*=5x10"CGeV? If Q* = 10°CeV?
04 B L | L | | T L | L | | T 1 | 1 | L 1 L | | | L ‘F- L | L |

10° 10* 102 1 10 100 1 100 100 1 107 100 1

I I I I I
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LH.O EPPS | 6*: results

® Large effect of NC+CC LHeC pseudodata, and of charm on the glue at small x.

e Limitation on u/d decomposition inherent to almost isospin symmetric nuclei (u/d difference
suppressed by 2Z/A-1).

12 L

1 1 1 1 1 1 1 I | I 1 1 | 1
10 o T2 R SR SR VT I S

08 [

06 [

1-2.: :
10 [roveereereeneenne o]
08 |

Ph P
a r,NC/ T NC

06 F

12
10 +
08 |

[ 0O LHeC projection _

06 | 1
[ Q=5 % 10°CGeV? T Q% = 10' GeV? T Q*=2x10'CeV? T Q*=5x10"GeV? [[ Q% = 10° GeV?
04 B 1 | 1 | 1 1T 1 | 1 | 1 T 1 | 1 | 1 T 1 | 1 | 1 ‘II- 1 | 1 |

10° 10 107 1 10 1000 1 10" 107 * 107 1

10 1 10
T T T T T
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LH~C

EPPS | 6*: results

® Large effect of NC+CC LHeC pseudodata, and of charm on the glue at small x.

e Limitation on u/d decomposition inherent to almost isospin symmetric nuclei (u/d difference

suppressed by 2Z/A-1).
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LH.O EPPS | 6*: results

® Large effect of NC+CC LHeC pseudodata, and of charm on the glue at small x.

e Limitation on u/d decomposition inherent to almost isospin symmetric nuclei (u/d difference
suppressed by 2Z/A-1).
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LH.O EPPS | 6*: results

® Large effect of NC+CC LHeC pseudodata, and of charm on the glue at small x.

e Limitation on u/d decomposition inherent to almost isospin symmetric nuclei (u/d difference
suppressed by 2Z/A-1).
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LH.O EPPS | 6*: results

® Large effect of NC+CC LHeC pseudodata, and of charm on the glue at small x.

e Limitation on u/d decomposition inherent to almost isospin symmetric nuclei (u/d difference
suppressed by 2Z/A-1).

1_4 i 1 I 1 I 1 1 1 I 1 I L 1 1 I 1 I 1 1 1 I 1 I 1 1 1 I 1 I 1 -
o b T Fog o, I féf
: \ff T ,ﬂﬁn- T ﬁ T T :
0.6 ?"\ld T T T T g
Q% = 2|Gev‘2 | 10Q? = 5|Gev” | Q2 = 10 Gev2| 10Q?= 20 Ge\f‘-’l 1Q%= 50 Gev”I ]
02 | : | 1 : | : | E= 1 : | : | : 1 : | | : | | :
E -t T 1 |
T . T ﬁ;ﬁ .......... ﬁ ............ ﬁ T %{
= I b T
L 06 F — - -1 — -
= [ Q? = 1|0‘2 Ge\/;“) 1Q*= 2 102 cl;ev‘~’ 1Q*= 5 102 cl;ev?" 1Q%= 1|03 Gev‘f 1Q%= 2 10° cl;evi’ ]
'_:5 0.2 1 I 1 I 1 I 1 I 1 1 I : I : 1 1 1 1 1 1

fit without

Pb
g,
[—
o
!
1 i 1 | - |
1 ! 1 1 |
|
|

+ charm -

R EREELEECRTETRIRY, « P

T 0O LHeC 7

i 1 h :: projection f . C h arm

0.6 - -+ -+ :

Q2 = f x 102GeV? 1Q? = 10*GeV? L1Q? = 2| x 10* cl;e\f? i
6

102 1 100* 107 1 10* 1007 1
€T €T T

eA and high parton densities at the LHeC and FCC-he: 2. Nuclear PDFs. 28 N.Armesto, 07.07.2022




LH.O EPPS | 6*: results

® Large effect of NC+CC LHeC pseudodata, and of charm on the glue at small x.

e Limitation on u/d decomposition inherent to almost isospin symmetric nuclei (u/d difference
suppressed by 2Z/A-1).

1-4_'I'I'__'I'I'__'I'I'__'I'I'__'I'I

?j _________ Jﬂ% ........ M ....... - e ...... /

(charm) /oP(charm)
=
!
L1 1 i |
-
LI B | ! LI |
|
|
|
|
|

[Q*=10°GeV?  TQ?=2x107GeV’ IQ*=5x10Gev? TQ*=10°GeV?  TQ*=2x10°GeV*
I I I I

Pb
I
o
ro

a
[
(-]
!
illl
!lll
|
|
O
0
T
=
Q. B
=
Bl_l
|

b L projection

of 1] charm

Q% = 5 10°GeV? 1Q% = 1|04 Gov‘l2 1@ = 2 10* cl;e\f? _
6

- o

100 1 10 10° 1 10% 100 1
€T €r €T

eA and high parton densities at the LHeC and FCC-he: 2. Nuclear PDFs. 28 N.Armesto, 07.07.2022




LH.O EPPS | 6*: results

® Large effect of NC+CC LHeC pseudodata, and of charm on the glue at small x.

e Limitation on u/d decomposition inherent to almost isospin symmetric nuclei (u/d difference
suppressed by 2Z/A-1). Y EPPS16* LHeC fit no charm

LHeC fit full
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LH.O EPPS | 6*: results

® Large effect of NC+CC LHeC pseudodata, and of charm on the glue at small x.

e Limitation on u/d decomposition inherent to almost isospin symmetric nuclei (u/d difference
suppressed by 2Z/A-1).
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LH.O EPPS | 6*: results

® Large effect of NC+CC LHeC pseudodata, and of charm on the glue at small x.

e Limitation on u/d decomposition inherent to almost isospin symmetric nuclei (u/d difference
suppressed by 2Z/A-1). 16 EPPS16*

LHeC fit no charm LHeC fit full
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LH.O EPPS | 6*: results

® Large effect of NC+CC LHeC pseudodata, and of charm on the glue at small x.

e Limitation on u/d decomposition inherent to almost isospin symmetric nuclei (u/d difference
suppressed by 2Z/A-1).
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LH.O EPPS | 6*: results

® Large effect of NC+CC LHeC pseudodata, and of charm on the glue at small x.

e Limitation on u/d decomposition inherent to almost isospin symmetric nuclei (u/d difference
Suppl‘essed b)’ 2Z/A-1 ) 16 EPPS16* 16 LHeC fit no charm 16 LHeC fit full
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LH.O xFitter: method

e Extraction of Pb=only PDFs by fitting NC+CC pseudodata, using xFitter (1410.4412)1.2.2 to

estimate the uncertainties coming solely from the achievable experimental precision.
=» HERAPDF2.0-type parametrisation (1506.06042,14 parameters), NNLO evolution, RTOPT

mass scheme, 0s=0.1 | 8. xU = xu + xc. xU = xi1 + xc. xD = xd + xs. xD = xd + x5
xg(x) = Ag.\'Bg(l — x)b — A;.\ (1 — x)%,
xuy(x) = Ay xPu (] — x)Cw (1 + E, .\‘3).

xd,(x) = Ag xPar (] — x)Ce
xU(x) = Agx®2(1 — x)? (1 + Dgx).
xD(x) = ApxP2(1 - x)°P.

=» Central pseudodata values from HERAPDF2.0: neither parametrisation bias nor theory
uncertainties.
=» Standard xFitter/HERAPDF treatment of correlated/uncorrelated systematics; tolerance

Ax2=1 (note Ax2?=52 in EPPS|6%).
=» Only data with Q2=3.5 GeV?, initial evolution scale 1.9 GeV-.
=» Proton PDFs extracted in the same setup for consistency.
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LH.O Elastic VM production:

2 o .
M VM e Challenging experimental Y (@) M
) problem. NV D
(W) e Coherent case: energy (W)
. n
A A A dependence and dips. A A=
N— . o o o \—& - A
- ® Incoherent case: sensitivity to T n
(t) fluctuations. _
<™ e+p(Pb) — e+p(Pb)+J/y C— ipole, 02-0.16ev2 - 3(ePb)/[208% o(ep)] .
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LH.O Azimuthal correlations (ll):

e Studying dijet azimuthal
decorrelation or forward jets
(pT~Q) in ep/eA/pp/pA would

a”OW tO underStand the | X bi ‘ X by small

mechanism of radiation:
=» kt-ordered: DGLAP

=¥ kr-disordered: BFKL.

=¥ Saturation!
® Further imposing a rapidity gap
(diffractive jets) is most
Interesting.

W evolution
o

from large
E to small x

‘forward’ jet
R EEED E:
0 Yo e
A < 120 : X
)=

Jet  Eproton

e Nuclear and saturation effects on usual BFKL signals (e.g. dijet azimuthal
decorrelation, Mueller-Navelet jets) has not been extensively addressed (Kovchegov-|alilian-
Marian, see also A. Ramnath et al, K. Kutak et al.): A-dependence?
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LH.O Azimuthal correlations:

® Dihadron azimuthal decorrelation: XA<<Xj ADO=0;
currently discussed at RHIC as
suggestive of saturation.

® |o be studied far from kinematical limits.

1 da'y‘N—)hlhg-f-X
C(¢12) = — .
3 W =15TeV do(y ;\_’,_’hl"‘ ) dzp1dzpadoro
P € [6,7.4] ,m,€ [0,6] Zh1
b= =- W, =2TeV e [024]GeV o
Wrﬁfp = % Tev | l Protoln 2.75'TeV I | | | | | |
[ |----Proton 7 TeV
) [ — — Lead Nucleus 2.75 TeV |
k. —. - W“rp 4 TeV 0.20 | | PTIead>3 GeV
Y15 I.\ 0.16 |- prss>2 GeV
| ' ‘ — [ \ ' Zlcad=Zass=0.3
| A < 012r 1 y=0.7
! S - 4 \ ] Q2=4 GeV2
v ~\ 0.08 |-
05 //\’\ Y
] \
. 0.04 |-
0 [ — ) \ p— |
0 1 2 3 4 S 6 N S
AQ 26 2.8 3.0 3.2 3.4 3.6
central-forward exclusive dijets in ep/eA, )
1511.07452

h-h in ePb
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LH.O Azimuthal correlations:

® Dihadron azimuthal decorrelation: XA<<Xj ADO=0;
currently discussed at RHIC as
suggestive of saturation.

® |o be studied far from kinematical limits.

[ / /
e Nuclear and saturation i 5
effects on usual BFKL | o
signals (e.g. dijet azimuthal -
gnale o8 e

decorrelation, Mueller-Navelet
jets) has not been extensively
addressed in pA, less in DIS: A-

dependence?

E to small x

‘forward’ jet
AARAEAl Ejet
o Yo -k
Ad* < 120 - X
C

Jet  Eproton

€A and high parton densities at the LHeC and FCC-he: 3. Further topics. 34 N.Armesto, 07.07.2022




LH.O Jets:

(G=D )

® |et observables in AA: energy LHeC CDR 1206.2913
loss + response of the medium edo'gi /dE .., (ub/GeV per nucleon) d(t'(‘;’izoldniet (ub per nucleon)
must be disentangled for " i
characterisation of the medium. 10* %1105
- ;
® Jets not suppressed inpPb @ | 3
LHC: compatibility with softer aqw’
observables! = small systems. ™ <. 10°
: : : : e c
® Jets (inclusive and diffractive) . 2: £ 520 GeV S
. - 02 - -—
abundantly produced in eA up to NLO OCD ]’ - 3
. 8 > —_
sizeable Et, they can be used to " w1 10 - g
L p=n=) E /2 e(50)+p(7000), CTEQ6.1M .
test factorisation and for 0E Lt GRV-RO 1 8
precision studies of changes ) aléomhm .y | 10+{S(50HPD(Z760), CTEQG.1M 5
e : 107 K- > L 110 : ®
of QCD radiation in the i 1<3.1 (5°<6.<175% El 2(50)+Pb(2750), CTEQ6.1M+EPS09 ‘%
nUCIear enVironment ﬁ 10“ lllpltlllll llﬂllllllllll | 10.2 -lllllllllllllllllllllllllllllllllllll lﬁ
S0 100 150 200 250 -3 -2 -1 0 1 2 3
hard probes of the QGP. Erpe (GeV) Mt
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LH.0 Fragmentation functions:

® cA: dynamics of QCD radiation and hadronization for light and heavy particles (energy loss of
light and heavy, and quarkonium production and suppression), relevant for particle
production off nuclei (hnPDF determination in pA) and for QGP analysis in AA.

: : . 1 dAN?(z.v 1 dNR(z. v
=¥ High energy: partonic evolution RY(z,v) = e lA(l ) / e 1D( 12
, , dv dz dr dz
altered in the nuclear medium. - A , R Lmé
1 10 10 10 10 10
ﬁ ““ 7IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII|
>
é‘% [N T SR riuiely e T)' - '_.';'-L:;-;';';- ;-_f:_'-';-';-'_'-';':;';'_"."-'-'.-".-".i'.;'.-".-"_*'.‘i":""
o %5& \ = ’ i
RSP LHeC CDR [ ~ratio of FFs A/p

N [ -
.' I 206.29 I 3 @ 0.8 / l,' Z_Phadr/Pparton
i _Ehadron rest frame
’ 7 ¢ V=Estruck parton

MSTWOBLO, ghat=0
MSTWOBLO+EPSO9, ghat=0
MSTWOBLO+EPS09, ghat=0./2, L,

=» Low energy: hadronization inside — - | S | e
formation time, (pre-)hadronic absorption,... fixed-target colliders v (GeV)
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