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LH.C0 Current LHC schedule: (=

‘New’ (as of 2014) LHC schedule beyond LS1

Only EYETS (19 weeks) (no Linac4 connection during Run2)
LS2 starting in 2018 (July) 18 months + 3months BC (Beam Commissioning)
LS3 LHC: starting in 2023 => 30 months + 3 BC

H Injectors: in 2024 => 13 months + 3 BC
ere
2015 2016 2017 2018 2019 2020 2021
WeE are |[qgle[alu|a[e[asla|ale[a|a|ale]a]a|a@[a|a|ae]a]a|ale]e]a
LHC
Injectars
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LHC schedule approved by CERN management and LHC experiments spokespersons and technical coordinators
Monday 2™ December 2013

Future of CERN: LHeC, FCC. N.Armesto, 06.12.2014
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LH.O Contents: FCC

FCC-hh: Kickoff workshop, Geneva, Feb 2014: https://
| . FCC-hh(AA); indico.cern.ch/event/282344/;

espace2013.cern.ch/fcc/;
A. Dainese in QM2014, https://indico.cern.ch/event/219436/
session/20/contribution/480/material/slides/0.pdf; workshop

9/14, https://indico.cern.ch/event/33 1669/, 1407.7649.

® Accelerator.

® Physics.

(no AA-specific
detector foreseen).

LHeC/FCC-he: CDR, arXiv:1206.2913, J. Phys. G 39 (2012)
2. LHeC/FCC-he (fOI‘ 075001;arXiv:1211.4831;arXiv:1211.5102;

cern.ch/lhec;
the LHeC StUdy GI‘OUP). LHeC 2014 workshop http://indico.cern.ch/event/278903/;

® Accelerator. CERN Courier https://cds.cern.ch/record/1704948/files/
e Detector. CERN%20Courier%20June?%2020 [4.pdf.
® Physics.

3. Summary and
outlook.

Future of CERN: LHeC, FCC. N.Armesto,


https://indico.cern.ch/event/282344/
https://indico.cern.ch/event/331669/
http://arxiv.org/abs/arXiv:1206.2913
http://arxiv.org/abs/arXiv:1211.4831
http://arxiv.org/abs/arXiv:1211.5102
http://cern.ch/lhec
https://cds.cern.ch/record/1704948/files/CERN%20Courier%20June%202014.pdf

LH.O Contents: a==

FCC-hh: Kickoff workshop, Geneva, Feb 2014: https://
| . FCC-hh(AA); indico.cern.ch/event/282344/;

espace2013.cern.ch/fcc/;
A. Dainese in QM2014, https://indico.cern.ch/event/219436/
session/20/contribution/480/material/slides/0.pdf; workshop

9/14, https://indico.cern.ch/event/33 1669/, 1407.7649.

® Accelerator.

® Physics.

(no AA-specific
detector foreseen).

LHeC/FCC-he: CDR, arXiv:1206.2913, J. Phys. G 39 (2012)
2. LHeC/FCC-he (fOI‘ 075001;arXiv:1211.4831;arXiv:1211.5102;

cern.ch/lhec;
the LHeC StUdy GI‘OUP). LHeC 2014 workshop http://indico.cern.ch/event/278903/;

® Accelerator. CERN Courier https://cds.cern.ch/record/1704948/files/
e Detector. CERN%20Courier%20June?%2020 [4.pdf.
® Physics.
This is NOT a review of the full menu
3. Summary and of future opportunities at CERN!!!
outlook. | will focus on those aspects of

interest for this conference.

Future of CERN: LHeC, FCC. N.Armesto,
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=) The Future Circular Collider:

Future ircular Collider Study - SCOPE

CDR and cost review for the next ESU (2018)
il .

§

Forming an international
collaboration to study:

« pp-collider (FCC-hh)
- defining infrastructure

requirements
~16 T =100 TeV ppin 100 km

+
f_

~20 T = 100 TeV ppin 80 km et
« et*e collider (FCC-ee) as ffn;&onm
potential intermediate step
|20-350 GeV
« p-e (FCC-he) option
. 80-100 km infrastructure LIPS
in Geneva area ‘alaz

Future Circular Colllder Study
Michael Benedikt
> FCC Kick-Off 2014

Future of CERN: LHeC, FCC N.Armesto,



FCC The accelerator:

Heavy lon Pre-Accelerator Chain

The requirements and performance of the pre-accelerator chain for FCC are under studied.

0 R&D

Straw-man assumption to estimate (conservative) beam parameters and luminosity:
LHC, as it is today, but cycling to 3.3 Z TeV, is assumed to be the injector for FCC-hh.

Present heavy-ion
pre-injectors

Baseline: Inject one
LHC beam into 1/4

FCC, no waiting.

HI source LEIR

+ LINAC 3

2014/09/22 M. Schaumann, Workshop on lons at the FCC, CERN 5

Future of CERN: LHeC, FCC N.Armesto,



Conservative filling scheme!!!

The accelerator

- o AR wmmm= w &~ 1

Unit LHC FCC FCC
Design Collision | Collision
Luminosity
Operation mode - Pb-Ph Ph-Ph p-Pb
S-function at the TP m)| 0.5 1.1
[nitial RMS beam size at 1P pom] 15.9 8.8
Initial luminosity ‘Hz/mb 1 2.6 213
Peak luminosity Hz/ mb} 1 7.3 1192
Integrated luminosity per fill b~ <15 HT7.8 21068
Integrated luminosity per run | [nb™" - 8.3 1784
nitial bb tune shift per _ _ 1.8 3.7 3.7
Total cross-section b] 515 H97 2
Peak BFPP beam power W] 26 1705 0
Initial beam current lifetime h] <11.2 (2 exp.) 10.9 39.3
Luminosity lifetime (£y/¢) h] <5.6 (2 exp.) 6.2 14.0

Schaumann

Future of CERN: LHeC, FCC

Note: the ALICE goal for Run 3/4 is 10 nb"!
in PbPb; the 2013 pPb run got ~30 nb-'.

N.Armesto,




ek Physics: global properties
® Using data-driven extrapolations from lower energies to the LHC:

dN_,/dn x 1.8 Volume x1.8 dE-/dn x2.2

o~ Phys. Lett. B 696 (2011) 328 (values scaled)
* | @ PbPb(0-5%)ALICE 2 pp NSD ALICE T ~
810~ = PbPb(0-5 %) NA50 C pp NSD CMS E £8852.7,3.3,3.8, 4.3 GeV 12 ropl, 0-1% AuAu
< A AUAu(0-5 %) BRAHMS % pp NSD CDF - NA498.7,12.5, 17.3 GeV <
Y1 B D 5 CERES 17.3 GeV > L —— E802, 0-5% AuAu
Y] ~ * AUAu(0-5%) PHENIX o pp NSD UA5 - AL o 1o-
S B e ohosos - PP NSD o § PHOBOS 624, 200 GeV = D
<" [V AuAu(0-6%)PHOBOS x pp NSD STAR o ALICE 2760 Gy e o el ™ WAZ8, 0-5% PbPb
_g - o:5° e =L U] = PHENIX, 0-5% AvAu
T 6 — ~ & |  CMS,0-5% PbPb
= e Z 6 .
Zo - ™ ~ - — RHIC parametrization )
T 4 < = L ---0.46 Spoy \/S 2 8.7 GeV T
e - 5 4 i o . ~
i W
20— S
0 1 1 1 11 1 11 L 1 1 'S i1 1 1 1 1 11 1 11 1 500 o

(dN_/cn)

Quantity Pb-Pb 2.76 TeV  Pb-Pb 5.5 TeV = Pb—Pb 39 TeV
m)d N, /dn at n =0 1600 2000 3600

Total N, 17000 23000 50000
m)dEr/dnat n=0 2 TeV 2.6 TeV 5.8 TeV
=) BE homogeneity volume 5000 fm* 6200 fm* 11000 fm?

BE decoupling time 10 fm/c 11 fm/c 13 fm/c

A. Dainese at QM2014 pPb: 63 TeV/n

Future of CERN: LHeC, FCC N.Armesto, 6



G Physics: global properties

e Using data-driven extrapolations from lower energies to the LHC:

Tten ] Volume x1.8 dE/dn x2.2
FCC? SB and B} Phys. Lett. B 696 (2011) 328 (values scaled)

LRRRN |

|+ FOPI, 0-1% AuAu

L —— E802, 0-5% AuAu

| 4 NA49, 0-7% PbPb

- -~ WA98, 0-5% PbPb

| = PHENIX, 0-5% AuAu
| e CMS, 0-5% PbPb
. RHIC parametrization ‘
- 0465y, \5,,287GeV !

-—h
n

E£8952.7,3.3,3.8,4.3 GeV
NA498.7,12.5,17.3 GeV
CERES 17.3 GeV

STAR 62.4, 200 GeV
PHOBOS 62.4, 200 GeV
ALICE 2760 GeV

(fm*

ey
o

estim ate
39 TeV

(o]

CE
3
CC
m0
o
!")’\
=
&

n
o
o
o

(AEJan)/(N_, /2) (GeV)

N
L T

- 1500 s 0
time (fm/c)

Quantity Pb-Pb 2.76 TeV  Pb-Pb 5.5 TeV Pb-Pb 39 TeV
) dN,, /dny at n =0 1600 2000 3600

Total Ny, 17000 23000 50000
m)dEr/dnpatn=0 2 TeV 2.6 TeV 5.8 TeV
=) BE homogeneity volume 5000 fm® 6200 fm* 11000 fm?®

BE decoupling time 10 fm/c 11 fm/c 13 fm/c

A. Dainese at QM2014 pPb: 63 TeV/n

Future of CERN: LHeC, FCC N.Armesto, 6



Physics: global properties

e Using data-driven extrapolations from lower energies to the LHC:

Volume x1.8 dE;/dn x2.2

7 [fm/c] Hydrodynamic freeze-out curves
(S. Flérchinger) The medium:
oot

'S -
b —d— ® |s larger;

® Lives longer;

® Reaches higher T’s;
® Equilibrates faster.
= larger opportunities

be-Pb 5.5 TeV

Pb-Pb 39 TeV

to see collective effects.

=) BE homogeneity volume 5000 fm” 6200 fm” 11000 fm®
BE decoupling time 10 fm/c 11 fm/c 13 fm/c
A. Dainese at QM2014 pPb: 63 TeV/n

Future of CERN: LHeC, FCC N.Armesto, 6



~==) Physics: global properties (ll)

® Charm becomes |p/r* L /1% «n, .

an active flavour . -

and can be s | grurdisre I N,
abundantly . : Jrurds
produced o 1204.0995
secondary | e e
interactions: O a0 w0 0 e e a0 B0 T

T[MeV]
® Higher
multiplicity e

14

12

may profit 1
collective flow <.

studies e.g. T =

A N N N
100 200 300 400 500 600 700 800

dependence of T e

n/s.

Future of CERN: LHeC, FCC

vn{2}

65| 50 %
i Pb+Pb 40 A TeV i
60 of=1.4 mb 35 % -
55 | - dET/dq =6512 GeV —
---------------------------- (o)
50 — — 1,=0.2 fm/C 20 A
4 5 = — = 7,=0.4 fm/C B
B --- To=0.6 fm/C
40 [ . . . , | . . . . | .
0 5 10
t (fm/c)
T | T T T T T T
Full line: vy{2} QGP n/s T-dep slope 0.0 —
Dashed line: va{2} QGP n/s T-dep slope 0.2 == -
Dotted line: v4{2} QGP n/s T-dep slope 0.5
Dot-dashed line: vs{2}
0.1
Denicol
0.01 e = -
300 400 500 600 700 800 900 1000 1100 1200
dN/dn
N.Armesto,



(FER Physics: small x

Y =In1/x4
Saturation
InQ%(Y)=AY
@ Dilute system
I BFKL
>
In A2, In Q2
2
:UGA I Q ~—
(27 28) ~ 1 : Q? OCAl/gx 0.3
TR Q%
x [fixed Q]
—
=
DENSE

REGION

ep

DILUTE

REGION @

Future of CERN: LHeC, FCC

In A

® Test whether (perturbative) saturation

lies in the accessible kinematic region,
and understand how it works.

Q? (GeV?)

10°

108

| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIﬂ'HT

I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIH-I-%

10°®

10”7

10°®

107

10* 10° 107
Xa

N.Armesto,
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FCC Physics: small x

V=it Suturaton ® Test whether (perturbative) saturation
@ e lies in the accessible kinematic region,
and understand how it works.
D”UteSyStem 109"§_| [ TTTIT [ TTTTI [ TTTIT [ TTTTIT [ TTTTI [ TTTTI [ TTTTI I IIIITI%
BFKL 108 i_ _i
D=0
In Agco sz 106; N
G a(z, QF) 2 1/3 .~—0.3 st
RRQE T AT < 7
x [fixed Q] S 10%s
< % 10k
DENSE - Qsat Pb(x)
10°E E
DILUTE @ 10'1J:—| IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIII-I-Ii
REGION 108 107 10° 10° 10* 10% 102 107 1
In A XA
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FCC Physics: small x

V=it Soturation ® Test whether (perturbative) saturation
n 25 =AY o . o o . .
@ e lies in the accessible kinematic region,
and understand how it works.
@ D”UtesyStem 109:4_E| [ TTI [ TTTTI [ TTTIT [ TTTTI [T TTTI [T TTTI [ TTTTI [ TTTI 'TE
l[ BFKL 108;_ ‘i
D=0
In Agco In Q>2 106; i
:UGA (ZC, Q2) 2 1 ~— - i
s/ 1 A /3 0.3 _10° |
RERQz AT e i
B |
i [ﬂxed Q] c\%?, 104 ? ............... ' x"
E DENSE 7 10° 2 / i
REGION - ) $7 S |
o 10; & 'aAUC;‘?fiDrese t;
E ,,""RH i:f:jj DIS Yf
V 1§“ fibidibaidaiod bt u u u u u r-%
DILUTE @ 10'1J:—| IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIII-I-Ii
REGION 108 107 10® 10° 10* 10°® 102 10" 1
In A Xa
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S Physics: small x
V=it ®Samraﬁon ® Test whether (perturbative) saturation

e lies in the accessible kinematic region,
and understand how it works.

Dilute system

109"E_| [ TTTIT [ TTTTI [ TTTIT [ TTTTIT [ TTTTI [ TTTTI [ TTTTI I IIII
BFKL e i_ ‘i
' |
. § |
In Agco In Q2 106 —— |
rGa(x : : : - ’ |
AL, Q' (x=00D)=NQ’ Q' =0.168 GeV ptA=>y+m+X 63TeV  7m=n-3 |
7TR124 Qg T 1 T T l T 1 T 1 T 1 1.6 T 1 T .l T T pY -ph n i
x £ STV Rezaeian T
= o - -—-10GeV - |
< s 5GeV |
Lower p.r i
& "
DY =
Eé'é:gi PR o b bl vl o
2 3 4 5 | 102 10" 1
A
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o Physics: hard probes

® Hard probes are much abundantly produced: tops, Z+jets,...

. 9 108E NLO (MCFM):
0(\/3) / 0(5 5 TeV) <= ' F p=m, CT10 PDF, EPS09 nPDF /" _
; E ttbar ° 105? - -’—‘
005 - Z+1jet (>50 GeV £ T
g % g ’ : jet ( ) 10 § Pb-Pb _ e~ (single-top) T
0 10°E ) L
3 10 2: tt+X ’—-pﬂ'
5 10 ,—"
s S L=~ (single-top)
g 105 /
2 i 1 - tt+X ',-"'-‘
3 = ""’
§ 1 S I d 10_1; ,/"(single-top)
: ol ’ .
SR T Mt -t 107, d’Enterria
0 20 40 60 80 100 10-3_ i | T N
Sart(s] [TeV] 10 20 30 100
Vsw (TeV)

® This could make possible the study of boosted tops, boosted
colour singlets, mapping the medium evolution via hard probes,...

e New temperature and density range may affect hard probes: Y
melting, bbar regeneration,...

Future of CERN: LHeC, FCC N.Armesto,



o Physics: hard probes

® Hard probes are much abundantly produced: tops, Z+jets,...

o(\s) / 5(5.5 TeV)

nbar

g
a

- Z+1jet (>50 GeV)

T P @278TeV
pPb @ BB TeV

-
o
MR |

Ay Debye length from lottice QCD

—
T

J /W0.29 fm)

Ratio with PoPb@LHC [5.5 TeV]

©

| ~ Salgado
TR R SR | —_—1 N 1
0 20 40 60 80 100

Sqrt[s] [TeV]

® This could make possible the
colour singlets, mapping the m

e New temperature and density range may affect hard probes: Y
melting, bbar regeneration,...
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=) Physics: UPCs, high multi pp

;510' «t J-F. Grosse-Oetringhaus | © UA5200GeV
A . oMsTIv ® Much larger multiplicity in
0 B . Nepo2Tev 3 piicity In pp
- 3 o nevTTey would help to understand the
10 eventual onset of collectivity in
L pp and pA: flow-like features,
— ridge, <pT>,...
10-5....\...ﬁ.+.\l....l...>l. L
0 50 100 150 200 250 Nf:)O
o o o § ; Ultra-peripheral QQ: Nuclear DIS & DY data:
® Exclusive VM production in §10t| = rrov (y1<25 B SLAC 125 (D19
U P C . I I I . e} FHC :J/‘I’ (lyl<2) FNAL-E865 (DIS)
S W] EXP .ore new regions A AL ETT2 Y
of the kinematic plane. W
:.““ ."%’ RERRRRENERENE
107 ;
® HE collider data essential to TN ot g
- non-perturbative ] a
construct models for VHE ol R .
. . : * d’Enterria
hadronic interactions of use for el el il

UHECR 107 10° 10° 16‘4 10'31 102 “1&‘ ;1
Future of CERN: LHeC, FCC N.Armesto,



LH-C

|.FCC-hh(AA):
® Accelerator.
® Physics.
(no AA-specific
detector foreseen).

2. LHeC/FCC-he (for
the LHeC Study Group):

e Accelerator.
e Detector.
® Physics.

3. Summary and
outlook.

Future of CERN: LHeC, FCC.

Contents: FCC

FCC-hh: Kickoff workshop, Geneva, Feb 2014: https://
indico.cern.ch/event/282344/.

espace2013.cern.ch/fcc/;
A. Dainese in QM2014, https://indico.cern.ch/event/219436/
session/20/contribution/480/material/slides/0.pdf; workshop

9/14, https://indico.cern.ch/event/33 1669/, 1407.7649.

LHeC/FCC-he: CDR, arXiv:1206.2913, . Phys. G 39 (2012)
075001;arXiv:1211.4831;arXiv:1211.5102;

cern.ch/lhec;

LHeC 2014 workshop http://indico.cern.ch/event/278903/;
CERN Courier https://cds.cern.ch/record/1704948/files/
CERN%20Courier%20June?%2020 [4.pdf.

N.Armesto,
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LH-C

LHeC/FCC-he:

o LHeC, FCC-he — ep/eA experiment using p/A from the LHC/

FCC: E,=7/50 TeV, EA=(Z/A)E;=2.76/19.7 TeV/nucleon for Pb.
® New e*/e” accelerator: Ecm~several TeV/nucleon (Ec=50-175 GeV).

e Compatible with synchronous LHC/HL-LHC/FCC operation.
® Large physics case beyond our interests: precision QCD and EWV,

small x, eA, Higgs, BSM.

Lepton—Proton Scattering Facilities

[

=
[y
(=]

~~
T LTFC
[0}
¥ 9
e 107 = u HERA and CERN
o - MESA ]
8 8 Jlab 6+12 = EIC Projects
© 10" = LA m Fixed Torget
~ |
SLAC
2 107 -
(O}
S 06
£ o108
£
>
-

[
<o
[0}
\

3
107 ¢ CEICT %”*%I COMPASS

2
10 “ & BCDMS

HERMES HERA
L ] [ |
10 - NMC
1 i 1 1 \\\\H‘ 1 1 \\\\H‘ 1 1 \\\\H‘ 1 1 \\\\H‘ 1 1 L1l
-1 2 3
10 1 10 10

10
cms Energy (GeV)
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[a—
o

[a—Y
o
N

W
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)
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[ |||||I T T l|l|||| T T TTTTTT T |l||l|| T LIRS
;_ LLHeC Experiment: RPV SUSY, LQ Z
= RXX oLl ) Substructure ? [

HERA Experiments: I
; ] H1 and ZEUS |
= Fixed Target Experiments: i
- 3 NMc - Large x
- BCDMS Elgh , Gluon il

1] E665 recision Higges

QCD &

[ sSLAcC Boson
L El.weak
= Physics
3 Nuclear

ég Structure
. . N
= High Density Matter ! i !
QGPlasma
I I|||| | | ||]I|| | 1 ||||||| | | IIIIIII 1 |
6 -5 4 3 2 -1
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Bjorken x
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LH-C Relevance for the HI program:

® Nuclear
wave
function at
small x:
nuclear
structure
functions.

® Particle production at
the very beginning: which
factorisation in eA!

® How does the system
behave as ~ isotropised

so fast?: initial conditions
for plasma formation to

be studied in eA.

Gluons from saturated nuclci”{a?f—) QGP = 'wt

® Probing the
medium through
energetic particles
(jet quenching
etc.): modification
of QCD radiation
and hadronization
in the nuclear
medium.

Future of CERN: LHeC, FCC: 2. LHeC, FCC-he

N.Armesto,

|3



Relevance for the HI program:

Gluons from saturated nuclei = Glasma? - QGP =

1.6

R.’(x,1.69 GeV?)

14

1.2

1
[

f
0.8f

® Nuclear

0.4

0~

wave e Reso

Cole

function at
small x: N

1.2

nuclear 1

I
0.8

structure

0.4

functions. 1+ FGS10 |

1 1 1 1 il
10 10°  10* 10° 102 10"

X

1

10 10° 10* 10° 10?2 10" 1

NLO anaIyS|s

1.6

1.2
1
mEEm
0.8}
l
0.6
0.4
0.2

0 il 1 1 1 1
10 10° 10* 10°® 102 10"

1.6

0.8f
[
[
0.6
[
I
0.4
[
[
0.2f
[

[
0™

1.6

14 Mg
12F

:

14F Mg
12F
1

!
0.8
0.6
0.4}

0.2f

0
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1 1 1 1 1
10®  10° 10* 10°® 102 10"

particles
ching
dification
radiation
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LH.O

Arct, 3,5

1034 cm? s Luminosity reach

Beam Energy [GeV]

Luminosity [10*3cm™2s]
Normalized emittance vg, , [um]
Beta Funtion B*x, [m]

rms Beam size o*x' [um]

rms Beam divergence o’ *x, [urad]
Beam Current [mA]

Bunch Spacing [ns]

Bunch Population

Bunch charge [nC]

10 GeV/pass

Linac 2

10 GeV/pass

LHeC: Linac-Ring option

injector

Arc2,4,6+ 02

Future of CERN: LHeC, FCC: 2. LHeC, FCC-he

Post CDR - CDR

PROTONS ELECTRONS PROTONS  ELECTRONS

7000 60 [} 7000 60

16 16 || 1 1|

2.5 20 | 3.75 50

0.05 0.10 || 0.1 0.12

4 a ) 7 7

80 a0 | 70 58

1112 25 | 430(860) 6.6

25 % || 25 (50) 25 (50)

2.2*1011 100 ] 17*00 (1*20%2%10°

35 0.64 |} 27 (0.16) 0.32
N.Armesto, 14



LH.C  LHeC: Linac-Ring option

injector

10 GeV/pass

Arct, 3,5

Arc2,4,6+ 02

Linac 2

10 GeV/pass

Post CDR - CDR
1034 cm? s Luminosity reach PROTONS ELECTRONS PROTONS ELECTRONS
700 o 00 o
Luminosity [1033cm2s™] 16 16 I 1 1
Normalized emittance vg, , [um] 2.5 20 I 3.75 50
g - = =
— a ) 7 7
Luminosity per nucleon (CDR) 2] 70 58
r { 9x 10*! em™2s~!  (Nominal Pb) = I 430 (860) 2
N7 1.6 x 1032 em 257! (Ultimate Pb) 25 I DI, 22120)
| - a100 ] 17710t (14107 2%10°

Bunch charge [nC] 35 0.64 I 27 (0.16) 0.32
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LH.O FCC-he:

F. Zimmerman (Chavannes, Jan.2014)

- -

FCC-ee (80-100 km,
e*e’, up to
~350 GeV c.m.)

FCC-hh

(PP, up to
100 TeV c.m.)

FCC-he complimentary
to FCC-hh, with no disruption
for it while running!

LHeC/FCC-he: e* (60-175 GeV) - p (7 and/or 50 TeV) collisions
>50 years e*e’, pp, e*p/A physics at highest energies!

LHeC could lso be FCC-
ee injector !

Future of CERN: LHeC, FCC: 2. LHeC, FCC-he N.Armesto,



LH.O FCC-he:

F. Zimmerman (Chavannes, Z5EE S m s FCC ERL FCC-ee rmg m

species e (e*?)
beam energy [GeV] 60 60 120 50000
bunches / beam - 10600 1360 10600
bunch intensity [101] 0.05 0.94 0.46 1.0
beam current [mA] 25.6 480 30 500
rms bunch length [cm] 0.02 0.15 0.12 8
rms emittance [nm] 0.17 1.9(x) 0.94(x) 0.04][0.02y]
Bx’y*[mm] 94 8,4 17, 8.5 400 [200 y]
o,,* [um] 4.0 4.0,2.0 equal
beam-b. parameter & (D=2) 0.13 0.13 0.022 (0.0002)
hourglass reduction 0.92 ~0.21 ~0.39

(HD=1'35) F.Zimmermann

ICHEP14, June
LHeC could CM energy [TeV] 3.5 3.5 4.9

. L PRELIMINARY D1
ee injector luminosity[10%¢cm™s] 1.0 6.2 0.7 Lis 1000*HERA

LI | W VY EEERLY I“lllllllb.

LHeC/FCC-he: e* (60-175 GeV) - p (7 and/or 50 TeV) collisions
>50 years e*e’, pp, e*p/A physics at highest energies!

Future of CERN: LHeC, FCC: 2. LHeC, FCC-he N.Armesto, 15



LH.0 The detector

Solenoid

Future of CERN: LHeC, FCC: 2. LHeC, FCC-he

N.Armesto,
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LH.0 The detector:

dipoles forward tracker L H eC solenoid central tracker

dipoles

calorimeter calorimeter
inserts inserts
backward
tracker
hadronic '

calorimeter

muon detector electromagnetic calorimeter

e > < p/A
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LH.0 The detector:

dipoles LHeC

forward tracker solenoid central tracker

dipoles

® Other detector options: solenoid

outside, also considered.

® Plus luminosity detector, electron
tagging, polarimeter, ZDC and leading

calorimeter proton detector.
inserts

calorimeter
‘ inserts

backward

tracker
hadronic '

calorimeter

muon detector electromagnetic calorimeter

e > < P/A
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The detector:

Muon Detector

Dipole
e

Solenoid2

Crab cavities for p instead of dipole magnet for e bend to ensure head on collisions
1000 H = pp may call for better muon momentum measurement

H-> HH = 4b (and large/low x) call for large acceptance and optimum hadr. E resolution
Detector for FCC scales by about In(50/7) ~2 in fwd, and ~1.3 in bwd direction

Full simulation of LHeC and FCC-he detectors vital for H and H-HH analysis
Future of CERN: LHeC, FCC: 2. LHeC, FCC-he N.Armesto,
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LH.O Kinematics:

H
i
i

Q° (GeV?)
2

| IIIIIIIIE IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIH‘I‘H]L

[T =0 TTTI
(I \S)
Q
=i
U
O
_—
X
N’

IIIIIrIEL
IIIIIIIIE l

N
E

10
10 107 10° 10° 10* 10° 102 10T
Xa

—
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LH.O Kinematics:

H
i
i

29%pp(2750)+e(60)

| IIIIIIIIE IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIH‘I‘H]L

Q° (GeV?)
2

10% 107 10° 10° 10* 10°® 10° 10 1
Xa
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Kinematics:

*E—I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| [ TTTTIT [ TTTTI [ TTTTI I TTI I
108;_208Pb(2750)+e(60) ]
107 g— / - i
' 1

i )/./667 1

e = lak
s F |
g g.. / ............................. ), x

‘//7 4 eV g/
S /.. ,6.6yf g“

~Present..

4
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LH.O Kinematics:

10°

® The LHeC/FCC-he “’7

will explore a region o

overlapping with the < ¢

LHC/FCC-hh: S 10°

=% in a cleaner R

experimental setup; 102

=¥ on firmer theoretical ok
grounds.

L

10

1

Future of CERN: LHeC, FCC: 2. LHeC, FCC-he

::|=' IIIIIII| ] IIIIIII| ] IIIIIII| ] IIIIIII| ] IIIIIII| ] IIIIIII| ] IIII-I-II
0® 107 10°® 10° 10* 10® 102 10" 1
Xa
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LH:C Diffraction in ep and shadowing:

e Diffraction is linked to
nuclear shadowing through
basic QFT (Gribov): eD to
test and set the
‘benchmark’ for new
effects.

Future of CERN: LHeC, FCC: 2. LHeC, FCC-he
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LH:C Diffraction in ep and shadowing:

e Diffraction is linked to
nuclear shadowing throu
basic QFT (Gribov): eD to
test and set the
‘benchmark’ for new
effects.
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LH-O eA inclusive: constraining PDFs
Effects in nPDFs, LHeC

Currently no real data constraints!

Pb Pb eh
l:‘valence I:‘sea I:‘gluon
~ 1y U daby D Y 14 S
> r 7 r B i
) 1.2 [ - 1.2 § | 1.2 5
g 1.0 _ITITITTTT.” ........... — 1.0 1.0 I e e s e e e el e e
({e) 1) ! L
= 09 Huuuul l | o8] | o8]
G ol it o '_mmnu_l_}fﬂx
o L ine fi | [ | [
o 0.4 i Baselineg fit : 0.4 _ [ 0,4. TTTTIITTL
g~ 02| 1 Newfit -+ 0.2 | - 0.2 |
X g0 [ | | 1 1 i 0.0 [ 1 I 1 1 | 0.0 I | | 1 l
10° 10* 10° 102 10" 1  10®° 10® 10° 10% 107 1 10®° 10* 10° 10° 107 1
X X X Paukkunen

® New realm in nPDFs, to put them at the same level as those in p:
=» Reduction of uncertainties at small and large x.
=?» Getting rid of assumptions in fits.
=» Addition of CC to perform flavour separation.

Future of CERN: LHeC, FCC: 2. LHeC, FCC-he N.Armesto, 19



LH:C Elastic VM production in eA:

f Y(Q) VM
SV D P
kw) 4 coherent - b—Sat
A A Z * t=0, Q=0
N Q
- > ~ . nosat|
s 3 Saturation -
©
= effects .|
® For the coherent case, DR
predictions available. ~ o
1.5 -

Cdlcium

® Challenging experimental f
problem (neutron tagging in ZDC?).

Q) VM Lead
. 0.5
incoherent
(W)
C - n 0 A R S N RS N SR RS
kt’J\ — A 0 200 400 600 800 1000
(t) W (GeV)
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LH:C Elastic VM production in eA:

v %
[ N ) Y +p =J/y +p
10 E T T rrrrr T T T T [ A
KW) * E v  HI1 data (2005) ,
A L O HIdata (2013) E
_ L A ZEUS (2002)
t 3 E516, E401, E687 . ﬂ@g@jt‘
10 F LHeC Simulation il qﬁ Iration .-
= [© LHCD (2014) e - C
[ |>__ALICE " 1 fects .
® For th I - :
PrediCtiC.S 2 - ]
S 10°F 3 -
© : g~ 5 y
® Cha”e I @ 1402.483 1 . / Cqlciumi
problem ' '
| 01 2 CGC (IP-Sat, b-CGC)
% (Qz) : 1] MNRT (LO) = Lead
NAVAVAY | C MNRT (NLO) -
(W) " -
A 0] a2 a2l r ol w
— 1 10 7 2 3 4.
10 10 10 10 koo 800 1000
W, [GeV] W (Gew
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C Elastic VM production in eA:

Y(Q°
[
— JYA
(W) ¢ h—Sot
A 0, @*=0
t nosat |
Satu ration -
® For the effects .-
prediction ' | C ith breakup poton
)/
® Cha”en Cqlcium
problem ( >
) < Lead
(W)
A

005 008 006 008 01 O E O OIe 018 |y
t (GeV?) W (GeV)
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LH-C Dihadron azimuthal decorrelation:

® Dihadron azimuthal decorrelation:
currently discussed at RHIC as
suggestive of saturation.

e At HE eA it could be studied far from the kinematical limits.

0-24 ) I ) I L} I L} I L} I
= - Proton 2.75 TeV
3 002 p, >2 GeV/c STAI(% PI;(I)EL_ELI;AINARY [ |----Proton 7 TeV
o - ’ « p+p (0. - |_ead Nucleus 2.75 T eV
© + 1 GeVic <p <P, . d+Au central (-0.0145) | 0.20 |- -
0.015—
i Albacete-Marquet ’10 pr'ead>3 GeV
1 ; 1 016 P -
001" £ iy PT >?2 GeV
- i A | Zlead=Zass=0.3
0.005:— I“- 0.12 - )’=O7 7
- L Q2=4 GeV?
o— ' ... 0.08
0 6
oo4r /S
C((D ) 1 doY N—hiha+X R i
S d"“'gg_’hlx) dzp1dzpoddro 0.00 == : . . . .
n 2.6 2.8 3.0 3.2 3.4 3.6
(|)12
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LH:C Summary:

o FCC-AA: extension of the pA/AA program to higher energies

leading to
=¥ Hotter, longer-lived medium with larger opportunities to observe
collectivity from small to large systemes.
=» New degrees of freedom may become active.
=» Access to a large perturbative domain at small x: saturation.
=¥ Larger rates of harder probes, with new possibilities.
=¥ Tests of interaction models of wider interest.

o LHeC, FCC-he: eA colliders in the TeV cms regime providing
=» Clean access to a large perturbative domain at small x: saturation?
=?» Determination of nPDFs for nuclear colliders, with the possibility of
releasing many of the current assumptions.
=>» Studies of QCD radiation and hadronisation inside the nuclear medium.
=?» Transverse scan of hadrons and nuclei: nGPDs.
=¥ Diffraction.

=>» ... with implications on our understanding of pA and AA collisions.

Future of CERN: LHeC, FCC N.Armesto, 22



LH-C Outlook: =

® FCC-AA (espace2013.cern.ch/fcc/)s
=» CDR for the next European Strategy for Particle Physics in 2017/2018.
=¥» Organisation: collaboration established, with FCC-hh, FCC-ee and FCC-he
groups.
=? Initial physics document to be produced for next summer.
=» FCC-AA coordinators: A. Dainese, S. Maschiocci, C.A. Salgado, U. A.Wiedemann.
=» Regular workshops: 12/13,09/14.

o LHeC, FCC-he (cern.ch/lhec):

= TDR for the next European Strategy for Particle Physics in 2017/2018.

=?» Organisation: new |AC, new Coordination Group, several working groups, in
the Study Group.

=?» Updated physics summary to be produced for next June.

=» ERL Test Facility in CERN mid term plan since last June: Lol for end 2015.
=?» Small-x/eA coordinators: NA, Paul Newman, Anna Stasto.

=>» Regular workshops:01/14,24-26/06/15 Chavannes-de-Bogis.

e FCC week 2015:Washington D.C.,23-27/03/2015, hh, ee, he.

Visit the web pages: everybody is more than welcome to join!!!
Future of CERN: LHeC, FCC N.Armesto,
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LH-C Outlook: s

o FCC-AA (espace2013.cern.ch/fcc/):

=>» CDR for the next European Strategy for Particle Physi~- "~ (S fof
=?» Organisation: collaboration established, with F~ - €
groups. T.h

= Initial physics document +~ a \ot 10 Andreﬂ,
=?» FCC-AA coordinato. Thﬂnks -On,to

=» Regular workshops: |.

* LHeC, FCC-he (cei ein 9" for your
=% TDR for the next Europ. 0 YOU rhysics in 2017/2018.
=?» Organisation: new |AC, n. h Group, several working groups, in
the Study Group.
=?» Updated physics summary to be produced for next June.
=» ERL Test Facility in CERN mid term plan since last June: Lol for end 2015.
=?» Small-x/eA coordinators: NA, Paul Newman, Anna Stasto.

=>» Regular workshops:01/14,24-26/06/15 Chavannes-de-Bogis.

o FCC week 201 5:Washington D.C,,23-27/03/2015, hh, ee, he.

Visit the web pages: everybody is more than welcome to join!!!
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Nuclear DIS & DY data:

® NMC (DIS)

m SLAC-E139 (DIS)
FNAL-E665 (DIS)

A EMC (DIS)

* FNAL-E772 (DY)

PbPb@LHC

Q? (Pb, b=0fm) ———

perturbative a2

Ultra-peripheral QQ:
= LHC Y (lyl < 2.5)
LHC JAw (lyl < 2.5)

non-perturbative A
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LHC vs. LHeC:
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Diffraction in ep and shadowing:

® 1106.2019

e Diffraction is linked to nuclear shadowing through basic QFT
(Grlbov) eD to test and set the benchmark for new effects.
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Diffraction in ep and shadowing:

(Grlbov) eD to test and set the benchmark for new effects.
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LH:C Transverse scan: elastic VM

o t-differential
measurements
give a gluon
tranverse
mapping of the
hadron/nucleus.

hadron

virtual photon
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LH:C Transverse scan: elastic VM

e t-differential
measurements
give a gluon

tranverse
mapping of the
hadron/nucleus.

® Large extent in
t with good
precision.

e Sizable
saturation effects
expected (also in

ep, 1402.4831).

do/dt (nb/GeV?)
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LH-C Radiation and hadronization:

® | HeC: dynamics of QCD radiation and hadronization.
® Most relevant for particle production off nuclei and for QGP

analysis in HIC. Rh (o) — L ng(;,u)/ 1 dNB(z,v)
A 2, V) =
. N¢  dvdz Ne  dvdz
® Low energy: hadronization A TV D Ve )
. . . . 1 /%
inside = formation time, | T TS T T

(pre-)hadronic absorption,...

e,
[
P m LT LT . ........................
L L

~ratio of FFs A/p

Z—Phadr/Pparton

Ehadron rest frame
V=Estruck parton

® High energy: partonic evolutlol’l/>/

altered in the nuclear medium. == o= |/ 200 o

o MSTWOBLO+EPS09, ghat=0

s MSTWOSLO+EPS09, ghat=0.72, Lo,
E MSTWOBLO+EPS09, ghat=0.72, tm
-’--| 0.4 ;\ \\\\\H‘ | \\\\\H‘ | \\\\\H‘ | \\\\\H‘ | \\\\\H‘ | \\\\\H‘
10 10° 10° 10" 10° 10°
v (GeV)
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LH-C Radiation and hadronization:

® | HeC: dynamics of QCD radiation and hadronization.
® Most relevant for particle production off nuclei and for QGP

analysis in HIC. Rh (o) — L ng(;,u)/ 1 dNB(z,v)
A Z, V) =

L N¢ dvdz N¢  dvdz

® | ow energy: hadronization A ave D CVC/

1 /%

’ ’ N 10°
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