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Accelerators:
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ePb
Parameter Unit LHeC FCC-eh FCC-eh
(E,=20TeV) (E,=50TeV)
Ion energy Epy PeV 0.574 1.64 4.1
Ion energy/nucleon Epy, /A TeV 2.76 7.88 19.7
Electron beam energy E, GeV 50 60 60
Electron-nucleon CMS ,/s.n TeV 0.74 1.4 2.2
Bunch spacing ns 50 100 100
Number of bunches 1200 2072 2072
Ions per bunch 10® 1.8 1.8 1.8
TETE—— Normalised emittance €, pm 1.5 1.5 1.5
Mev. 7 Electrons per bunch 10° 6.2 6.2 6.2
nrf:d . Electron current mA 20 20 20
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Detectors:

L=13.2 m [FCCeh:19.3 about CMS size]

[6.2 FCCeh]

«— 335

Solenoid
EMC-Barrel

e . Tracker p/A

FHC-Plug-Fwd

=» Modular structure for fast installation, fitting inside the L3 magnet in IP2.

=¥ Forward-backward symmetrised version would allow eh and hh
collisions in the same IP (2201.02436).

=» Large acceptance, precision
device: design determined by
kinematics and high precision

(H—bb in CC).

=¥ Low radiation (1/100 that of
pp) enables sensitive
technology such as HY CMOS
to be used.

=?» Low field dipole inserted
before the HCAL to ensure
head-on ep collision;
conventional solenoid.

=» Forward (p,n) and backward
(e,Y) tagging detectors.
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DIS at the energy frontier:
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® Deliverables of ep/eA:

=¥ Highest resolution microscope:
discovery in QCD.

=» Empowering the LHC/FCC
programmes.

=¥ Precision Higgs facility together with
HL-LHC/FCC-hh.

=¥ Precision and discovery facility (top,
EWV, BSM).

=» Unique nuclear physics facility.

e Contribution to LHC/FCC:
=?» Improve SM measurements.

=¥ Searches for BSM.

=¥ Flavor physics of heavy quarks and
leptons.

=¥ Higgs properties.

=*» QCD at high density/temperature.
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DIS at the energy frontier:

T TTTT T TTTH o TTTTI FF O TETED T TTTTT

ol

i alElED ) ol

I |

ITT]

T

11111

- FCC-he
- K LHeC
[ SLAC = —
- S A
i e ‘%‘»:0
S e e
=3 SSee——s =
- e S R e ]
5 SISO KZ:
u LTSS TS
s g ey S s e ety
.4 Ao < %ooo‘g =2 2N |
10 “ & S5 TSI TFESTSE
s SSSoe—— - =
n LSS s e
3 , T S
: TS SSF o g o
I ]~
10 & s ose e e e e
) € = : BRSO e e g I
- \/ e 3 BT - o T Tl e
> - - S ST e e e e
' i e =R
- i / S Fe e
. B A 5 SS o= S oS S /]
. / — 2= - Se s s le e
| l E =~ R oS T T -
W 2 } = - -
. » - 2 _,,z""'\ ~ P !,/-"'"-; - (‘-:. o B < —
— Jp— — _1 B \ , =
\ b Q I 10 Ll Ll ;
\ ' ,F "

TR ¢ E

P __g: —, low x ‘ﬂm;\/

x wol

' NV
K : K
. . : . \\/
o -
& > A

® Deliverables of ep/eA:

=¥ Highest resolution microscope:

discovery in QCD.

=» Empowering the LHC/FCC
programmes.

=¥ Precision Higgs facility together with
HL-LHC/FCC-hh.

=¥ Precision and discovery facility (top,
EWV, BSM).

=» Unique nuclear physics facility.

e Contribution to LHC/FCC:

=?» Improve SM measurements.

=¥ Searches for BSM.

=¥ Flavor physics of heavy quarks and
leptons.

=¥ Higgs properties.

=*» QCD at high density/temperature.
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DIS at the energy frontier:
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® Deliverables of ep/eA:

=¥ Highest resolution microscope:

discovery in QCD.

=» Empowering the LHC/FCC
programmes.

=¥ Precision Higgs facility together with
HL-LHC/FCC-hh.

=¥ Precision and discovery facility (top,
EWV, BSM).

=» Unique nuclear physics facility.

e Contribution to LHC/FCC:

=?» Improve SM measurements.

=¥ Searches for BSM.

=¥ Flavor physics of heavy quarks and
leptons.

=¥ Higgs properties.

=*» QCD at high density/temperature.
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Synergies between eh and hh programes:

High precision ep ep analyses with
measurements used sensitivity complementary
as input in hh to hh analyses to

analyses for their ey
Improvements

I i

complete the overall hh
physics program

input

ep measurements to considerably
improve hh physics output, e.g., in
final combinations
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Synergies between eh and hh programes:

ep analyses with
sensitivity complementary

High precision ep

measurements used
to hh analyses to

as input in hh
analyses for their complete the overall hh
improvements Guinie physics program

— Empowerment of hh
program.

— Input to pp physics
analyses improving sizable
uncertainties and limitations.

ep measurements to considerably

improve hh physics output, e.g., in
final combinations
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Synergies between eh and hh programes:

High precision ep ep analyses with

measurements used sensitivity complementary

as input in hh to hh analyses to
-]

analyses for their — — complete the overall hh
improvements Ginii® physics program

input

— Empowerment of hh ,
program.

— Input to pp physics X
analyses improving sizable

uncertainties and limitations. | S O

— Competitive measurements and combination of results.

— Uncorrelated uncertainties.
— Resolve common/correlated expt. uncertainties.
— Resolve correlations in parameters of interest.

— Empowers global fits.

ep measurements to considerably
improve hh physics output, e.g., in
final combinations
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Synergies between eh and hh programes:

High precision ep ep analyses with

measurements used sensitivity complementary

as input in hh to hh analyses to
-]

analyses for their — — complete the overall hh
improvements Ginii® physics program

input

— High precision QCD analyses.
— High precision measurements
of specific parameters.

— Empowerment of hh ,
program.

— Input to pp physics X
analyses improving sizable — Searches in complementary
uncertainties and limitations. “ phase space regions.

— Competitive measurements and combination of results.

— Uncorrelated uncertainties.
— Resolve common/correlated expt. uncertainties.
— Resolve correlations in parameters of interest.

— Empowers global fits.

ep measurements to considerably
improve hh physics output, e.g., in
final combinations
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EVV physics:VV mass

e Many EWV physics opportunities (spacelike vs.
timelike in e*e- /pp) through PDF+EWV fits:W&Z

mass, sin” H‘if;ﬁl, V and A NC/CC couplings to

light quarks,...

e LHeC will provide additional precision, though
PDFs, to the determination of Mw at HL-LHC.

- | | |
— ATLAS Simulation Preliminary

>’

O

% 18:_\/§=14TeV,<u>=2

E 16 m, fromm &p., | <4
S 7 1

CT10 CT14

I POF

O N B~ O

MMHT2014

B Stat. ® PDF 200 pb’
Stat. ® PDF 1 fb”

AMw=16 MeV
(HL-LHC)

— +2 MeV (HL-
LHC + LHeC
PDFs)

T T ' |
W-boson mass
HL-LHC + LHeC PDFs 34 Amw = =|2 MeV
Direct measurements
LEP2 °
Tevatron o
ATLAS °
CDF ——
Indirect determinations
LHeC-50 V.
LHeC-60 —
FCC-eh —
FCC-eh + LHeC-60 >
arXiv:2203.06237
PDG [2020] | ° |

80.35 80.4
m,, [GeV]
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EVV physics:VV mass

e Many EWV physics opportunities (spacelike vs.
timelike in e*e- /pp) through PDF+EWV fits:W&Z

mass, sin” H‘if;ﬁl, V and A NC/CC couplings to

light quarks,...

e LHeC will provide additional precision, though
PDFs, to the determination of Mw at HL-LHC.
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7Pt []LHeC-50 _ >
[ LHeC-60 (with G, as additional constrainf)] =
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EW physics: sin” 0y,

® Direct constraints on sin Heffl hlgher order
corrections included:

sin” 0y

‘(1) = nca(p2)sin®y

® Scale dependence through simultaneous fits with PDFs.

® Indirect determination through improving LHC
measurements (FB asymmetries).

LEP-1 and SLD: Z-pole average
LEP-1 and SLD: A%

SLD: A

Tevatron

LHCb: 7+8 TeV

CMS: 8 TeV

ATLAS: 7 TeV

ATLAS Preliminary: 8 TeV

ATLAS Simulation Preliminary

0.23152 + 0.00016
0.23221 = 0.00029
0.23098 = 0.00026
0.23148 = 0.00033
0.23142 + 0.00106
0.23101 = 0.00053
0.23080 = 0.00120
0.23140 = 0.00036
0.23153 + 0.00018

HL-LHC ATLAS CT14: 14 TeV B
HL-LHC ATLAS PDF4LHC15,, .o 14 TeV| —— 0.23153 = 0.00015
——HLLAC ATLAS PDFLHeC: 14 TeV B - | | 023153 = 0.00008—
023 0.231 0.232 N

sine.,
I N—

CMS preliminary

LHeC PDFs

P
Asin2@_(FCC-eh) = +0.00011
— i0.000lO(e“ +0.00004, =
.
p
Asini’ew (LHeC-50) = #0.00021
Asin28W (LHeC-60) = #0.00015
~ Asin?0  (FCC-eh+LHeC) = +0.000086
\_
| |
sin0y|
LEP+SLD -
Tevatron P
LHC P
LHeC-50 >
LHeC-60 >
FCC-eh = W
FCC-eh + LHeC .
Standard Model [pPpG2o ad |
0.231 0.2315 0.232
SR

2007.11799,2203.06237

ILHeC and FCC-eh:Top and EW measurements: 2. EW.

N.Armesto, 10.04.2024




EW physics: sin” 0y,

l 4 ™
® Direct constraints on Sin Heff higher order .
5 2 Asin?8, (FCC-eh) = +0.00011
corrections included: sin? 050 (u2) = rne,e(p?)sin?fwy = $0.00010, +0.00004, _
T ) - ) - . /
e Scale dependence through simultaneous fits with PDFs. [ Asin?8_, (LHeC-50) = +0.00021 |
e Indirect determination through improving LHC Asin®9, (LHeC-60) S s
: ~ Asin?g  (FCC-eh+LHeC) = +0.000086 |
measurements (FB asymmetries). N -/
0.245 RGE Running . Sinzﬂaf,fl | - - |
A Particle Threshold ,
, proposed cccen LEP+SLD o
0.24 SLAC-ELSS o rrradills Tevatron o
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v; eDIS k & LHeC LHeC-50 -
ar 0.235 Peedeer L LHeC-60 X
= Cp iR e
wn
e FCC-eh ——
0.23 T FCC-eh + LHeC -
[ »2 | SOLIP Standard Model poczo  ® ‘
0.225 , 0.231 0.2315 0.232
10*  10° 102 10 1 10 102 10° 10° sinzﬁs\ffl
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2007.11799,2203.06237
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EVV physics: couplings to light quarks

o Coupling of y,Z,WV to light flavours not accessible in other

£ \/'ONC fPNC.f I, fo
processes; also BSM contributions (e.g., in the SMEFT o
. V — \/'ONC prCf (ILf 2Qfl(fl(f sin” QW)
framework) and running are measurable.
" All felrmliorllsl B
f 13 1'01__|:|FCC-eh |
84 = A/PNC,f I, ¢ D receo | _
f 3 2 1.005+ _ riLEP+SLD Ieptons (uncertainty only) 2
§v = V/PNC.f (IL,f — 20k sin 9W) < /
L i
| FlC(l_;_elh ' r ! LS  | | " : I ' IFdC'lehl L dl L l. ‘ l_ E ( _— ]
-1 LHeC-50 . OFr—1LHeC-50 — 0.995F | 68% C L-
0.4~ H1 U B - H e 1 0995 1 1005
- LEP & SLD : - LEP&SLD - Pres
-_DO | - — DO 4 1.U3 — ......I' ———rr
0.3 SM | i _0,2_.;. SM — : FCC-eh ¢ H1data
_ =L ' - I . i : oo Il LHeC-50 - SM -
=3 ' [ LHeC-60
0.2k N . 1.01 -
- 1 :
0.1+ - :
L 0.99} .
0.4 : R |
g‘; 0-9810 100 1000
2007.11799,2203.06237 /@2 [GeV]
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EVV physics: couplings to light quarks

o Coupling of y,Z,WV to light flavours not accessible in other

g \/'ONC fPNC.f I, fo
processes; also BSM contributions (e.g., in the SMEFT o
= ./p ONC., I 20 K’k £ sin” 2 0w
: 8V \/ NC, f F\'Lf — eXTr s
framework) and running are measurable.
" All felrmliorllsl S o
f 13 101" —Fcceeh |
84 = +/PNC.f 1L 7 | DlLHec50 _
f 2 2 1.005+  1LEP+SLD Ieptons (uncertainty only)  —
R . _ | #SM P -
8y = A/ PNC,f (IL,f —2Qf«y Sin QW) < /
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EVV physics: couplings to light quarks

o Coupling of y,Z,WV to light flavours not accessible in other
processes; also BSM contributions (e.g., in the SMEFT
framework) and running are measurable.
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7 3 Lo fermons :
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EVV physics: couplings to light quarks

e Coupling of v,Z,W to light flavours not accessible in other 2306.05564

processes; also BSM contributions (e.g., in the SMEFT Oup = (! Du‘p)*(‘p’r D" )
framework) and running are measurable. 0% — (o' D, 710)(g7"7q)
8,{ :\/PNC,f IE,f’ 95% CL, A = 1 TeV', 17d fit
o 0s———T—
g{; — \ /ONC,f (I]if — 2Qf Kf Sln29W) ] f

0 Joint EIC
0 Joint LHeC

0 Joint FCCeh -
1| A S :

—-10 ) 0 5 10
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EVV physics: triple and quartic gauge coupllngs

® Triple and quartic gauge couplings

0.2 prre e e
can be probed (D. Britzger, EPS- cor | AN N
: F |5 ﬂ(\ \ . LEP |1 LHeC Y
HEP2023) (aISO In yy mOde). 01k J '." \ \5 \Charged-current
TE100 [
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Top physics: CKM

l ® At the LHeC, limits on several CKM

. . . ATLAS+CMS Preliminary ‘ O meas . . November 2020
matrix elements can be set using single LHGlopWG KoVl = 52 trom single top quark producion
. o G,ppo: NLO+NNLL MSTW2008nnlo e
top production (Vi to 1% at LHeC PRD 83 (2011) 091503, PRD 82 (2010) 054018, {012l 100
. . . AG,, .. scale @ PDF
and FCC-eh): polarisation essential. M2 172.5 GoV
Y If,, Vil = (meas) * (theo)
- t-channel: :
e 3= :
(S \/ ﬁ;releoSs*(gohf‘g 3'8%8 TeV ot 1.020 + 0.040 + 0.020
) :
\ l CMS 13 TeV’ ———— 0.98 + 0.07 + 0.02
" W- PLE 800 (2019) 135042 (3591 ) :
\ - ATLAS 13 TeV® VT 1.07 + 0.09 + 0.02
. W< l JHEP 04 (2017) 086 (3.2 1b°)
€ b ﬁTELPAoi+(gO¥S ggas Tev"” ———d 1.020 + 0.090 + 0.040
ATLAS ggoge\é; e — e 1.14 + 0.24 + 0.04
_ 18)63 (3.217) :
p LHeC o~ 1.9pb CMS13Tev M. 0.94 + 0.07 + 0.04
) (35. l :
- FCC-eh 0~15.3pb '
s-channel: ‘ :
‘%_‘TEIEA(%&%%S) 8 gev‘ WY S— 0.970 + 0.150 £ 0.020
all channels: |
V V V ATLAS+CMS 748 TeV " - 1.020 + 0.040 + 0.020
ud Us ub JHEP 05 (2019) 088 :
4 s U u |
Veers =l V V.. V FCC-eh R e 125 Ap———
C K M S Cd cS Cb : 1 : m..ludmg t:ean' energy uncenanty ' :
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td (s Ifiv Vo]
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Top physics: anomalous couplings

® Anomalous couplings can be probed, limits
competitive with HL-LHC.

® Checks of SM

Lwiy = %
1

2 mw

predictions.

W ty" (Viy f{* P + fi* Pr)b

N
\'\

W“,,t—a“”(f’glifL + [5\PRr)b| + h.c.

N\

Tatetetete e tete e
?ﬁ?@&ﬁﬁf %

NN

Limits of couplings at 95% C.L.

\‘\
.
0-25 | | ] | ] ] || | I || | ] 1l | | 0-25
| N
=1 (M)
0.15 0.15
%’00
0.1 RERRRANRNK 0.1

7

J
O

L/

()
@

L)
%%
L)
%
S
&

e
2
o
%

¥
et e et oot tete b te e
%ﬁ%@*@%&?& Qﬁgﬁ@ﬁ@%»
0.05 BERRIEIIEKNKS SIS 0.05
SO OSEEAEEAS o telete a0 e te e
BSOS IIOAREEEN SERSIBNNNES I3RS
e et et e b te ke otete et e s ORI
BNERRRIRIARN RO RIANHIRSS SRR
SN ote e o e e e 0 et SN
0 0
o i a'A A TATATAYAC AYA T AY \ YLYAYA" YAYACAYAYAYAYA A YA YAYATYAY, Yavan
PRIBODIIOL LR EDIIR R0 RRIAIR IR R R IR R KRNI KK W N
Ot e e e e e e T e et e te G KRR IR SRIIRE
’ ot et e tete e o e te e et te e e SRR NN
0.05 & ORI IR KKK K IKHH I KKNR CRARIIARXIIN] 0,05
~0.09 § G R RANH A ICHK RN ] .
R R SRR IIRRIN BRI,
e te e e e e e e e te e bt te e te te e e b e e otetetetelete Pets !
o000 50 00 00 00 0 0t Ve e te Vet ta Y e e e e 58 % %%
R H R AR IR IRXIHIRIIRKRN OLRRIRIR SRR
-0.1 XXM \ 0.1
-0.15 0.15
e
025 | 1 | 1 | I I | I | 1 | | 1 | I | 3025
10° 10

1307.1688

Integrated Luminosity [fb™]

V |

is

10

1

'L Srqu\ﬂ.‘
— Signal 2

SM arxiv:1501.05013

curmrent direct 20 limit

107
L[fb ]

FCC-eh

P,=0.8

5% sys.
95%C.L. limit

arXiv:1709.07887

<+— |LHC

— |Vts|<0.037

10

ILHeC and FCC-eh:Top and EW measurements: 3. Top.

13

N.Armesto, 10.04.2024




Top physics: FCNC

® Also top FCNC (suppressed in the SM and enhanced through BSM) or CP violation in top
Yukawa couplings: competitive/complementary with other machines.

95%CL upper limits <4 ATLAS <$® CMS
Eoch it o~ [1] JHEP 02 (2017) 079 [2] ATLAS-CONF-2018-049
ach hmil assumes thal
all other processes are zero [3] JHEP 06 (2018) 102 [4] JHEP 04 (2016) 035
[5] EPJC 76 (2016) 55 (6] JHEP 02 (2017) 028
Theory predictions [7] CMS-PAS-TOP-17-017 [8] JHEP 07 (2018) 176
from arXiv:1311.2028 (8] JHEP 07 (2017) 003
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e LHeC and FCC-eh:

=¥ Have a physics case on their own:
obviously QCD (both precision and
discovery in ep and eA), but also EWV,
top, Higgs, BSM.

=?» Enlarge the reach of hadronic
colliders into (higher) precision

(PDFs, factorisation), both for pp and
for AA.

=» Have complementarities and
synergies with the other collision
modes: hh and ete-.

ILHeC and FCC-eh:Top and EW measurements.
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LH.O Plans:

The ep/eA study at the LHC and FCC — new impactful goals for the community

(7)) (7, 7y
2023 S 2024 3 2025 § input to ESPP

= typically 2-3 conveners

per theme
proton and nuclear structure from EIC and HERA to LHeC and FCC-eh
novel QCD with high-energy DIS physics: what do we discover when breaking protons and nuclear matter in smaller pieces = annual ep/eA
workshops (WS)
general-purpose high-energy physics programme: precision physics and searches = final thematic
enabling direct discoveries and measurements in EW, Higgs and top physics with high-energy DIS collisions workshop with closing

reports to inform the

ep/eA-physics empowering pp/pA/AA-physics (LHC and FCC) :f;:g;nﬁif;r?;iyaful

improving the ATLAS, CMS, LHCb and ALICE discovery potential with results from a high-energy DIS physics programme information (TWS)

= inform the community

with regular ep/eA
Newsletters

developing a general-purpose ep/eA detector for LHeC and FCC-eh
critical detector R&D (DRD collaborations), integrate in the FCC framework, one detector for joint ep/pp/eA/pA/AA physics

developing a sustainable LHeC and FCC-eh collider programme - te(;’?;}’:wy Is welcome

design the interaction region, power and cost, coherent collider parameters & run plan, beam optimization, ...

Adapted from Jorgen d’'Hondt

Coordination Panel: N. Armesto, M. Boonekamp, O. Briining, D. Britzger, J. D’Hondt (spokesperson), M. D’Onofrio,
C. Gwenlan, U. Klein, P. Newman, Y. Papaphilippou, C. Schwanenberger, Y. Yamazaki
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LH.O Plans:

The ep/eA study at the LHC and FCC [tful goals for the community

7)) 7))
2023 S 2024 E input to ESPP

= typically 2-3 conveners
per theme

i)
O proton and nuclear structure from EIC and HERA to LHe(

- novel QCD with high-energy DIS physics: what do we discover when breaknatter in smaller pieces = annual ep/eA
:E workshops (WS)

o general-purpose high-energy physics programme: precis rches = final thematic thematic

— enabling direct discoveries and measurements in EW, Higgs and top physillisions workshop with closing kshop with closing

g)o reports to inform the rts to inform the

- ep/eA-physics empowering pp/pA/AA-physics (LHC and upcoming Strategy pming Strategy

@) ! na the ATLAS. CMS. LHCh and ALICE di tential with | phvsi process with impactful ess with impactful
—_ improving the y y an iscovery potential with resul physics programme information (TWS) rmation (TWS)

: IR i
§ developing a general-purpose ep/eA detector for LHeC : wi&r?;;ufa:‘;?/"gxmty ":;;ufa:‘zsgxmty
- critical detector R&D (DRD collaborations), integrate in the FCC framewor p/pp/eA/pA/AA physics Newsletters sletters

Y

. . . = everybody is welcome body is welcome
= developing a sustainable LHeC and FCC-eh collider progi to jgn Y ooy
2 design the interaction region, power and cost, coherent collider paramete nization, ...
Coordination Panel: N. Armesto, M. Boonekamp, O. BJ. D’Hondt (spokesperson), M. D’Onofrio, M. D’Onofrio,

C. Gwenlan, U. Klein, P. Newman, Y. P&Awanenberger, Y. Yamazaki
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Plans:

‘ from Jorgen d’'Hondt

The ep/eA study at the LHC and FCC [tful goals for the community

7)) (7))
2023 S 2024 E input to ESPP

= typically 2-3 conveners

th
proton and nuclear structure from EIC and HERA to LHe( Per theme

novel QCD with high-energy DIS physics: what do we discover when breaknatter in smaller pieces = annual ep/eA
workshops (WS)

general-purpose high-energy physics programme: precis rches = final thematic

enabling direct discoveries and measurements in EW, Higgs and top physillisions workshop with closing

reports to inform the

. . . . : upcoming Strategy
ep/eA-physics empowering pp/pA/AA-physics (LHC and Srocess with impactful

improving the ATLAS, CMS, LHCb and ALICE discovery potential with resul physics programme information (TWS)

= inform the community
with regular ep/eA

developing a general-purpose ep/eA detector for LHeC :

i "- nnl n’nf‘or#nr Dpn /nDn ﬂﬂ’lﬂ"‘f\l’ﬂ" nnc‘ n#nnrnfo 1" 'l'hn L'f'f' frﬂmn " n/nn /o/\ /n/l /A /\ nh e ire e e B e O | i TSI e, O R

0 T hank you very much to:
’ = The organisers for the invitation to deliver this talk.
=» Maarten Boonekamp, Daniel Britzger and Christian Schwanenberger for material

and feedback.
=¥ You for your attention!

thematic
kshop with closing
rts to inform the
pming Strategy

ess with impactful
rmation (TWS)

rm the community
regular ep/eA
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Backup:
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Accelerators:

Lepton-proton/nucleus scattering facilities

Resolving Proton Structure

10 ‘:‘ N | ' 1 ] 1 § I . I
‘i: 107" = LTFC £ : -
7 9 - H & - |
- = HERA and CERN S 10°L |
8 e Jiab 6+12 = EIC Projects = Finite p Radius
g 10 3 1 '_ m Fixed Torget A “ g : nford :
~ - e e N civil ELn:le:eerlng
B S I_AC it TN P 4 Differentoptions - - -
2 107 - Dl l
¢ - ‘ T F E
c 6 al: :
= 10" = - -
= - : :
~ 10° - CEIC2 H - -
i S vEC2 107 3
T Yl MEIC\ G i HLRHI F ek S
- eRHIC B -
10° ¢ CEICT %@I COMPASS p . " Dynamics
2| | 107 ¢ Y E
10% L BCDMS : :
- HERMES i I
: - - ﬁ ] h l
10 = NMC . . %, % :
- E 10 L (“,-/;(:%. i
1 i L] BN RN L] R 1000 = of})/o 3
1 2 3 r L/ Dedicated : 2. - :
10 1 10 10 10 800 I %, i
cms Energy (GeV) Run b >
°0 ; FCC-he
107 -
° ° ° 400 1 1 1 1 1 1 1 1 1
Luminosities: ~1034 (1033) cm-2s-! Run 5 Run 6 B
200
. . LS4 LS5 i I I LS6 3 year
in ep (ePb) (details in backup). o —=m_ A RRRTNEN
6 7 8 9

1 2 3 4 5

011213115 |[8]10.13022

years
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Luminosities:

ePb

Parameter Unit LHeC FCC-eh
CDR Run5 Run 6 Dedicated EszO TeV E'p=50 TeV Parameter Unit LHeC FCC-eh FCC-eh

E GeV 60 30 50 50 60 60 o I ikl

,e 11 Ion energy Epy, PeV 0.574 1.64 4.1
N, 10 1.7 2.2 2.2 2.2 1 1 Ton energy /nucleon Epy, /A TeV 2.76 7.88 10.7
€p fem 3.7 2.5 2.5 2.5 2.2 2.2 giectmﬂ beain engrfi\éEc ({Ee;‘; 0-504 16(_)1 é’%

y - - ectron-nucleon CMS /s.n e N .
ICY mA 6.4 15 20 ol 20 20 Bunch spacing ns 50 100 100
N, 107 1 2.3 3.1 7.8 3.1 3.1 Number of bunches 1200 2072 2072
3* cm 10 10 7T T 192 15 Ions per bunch 10® 1.8 1.8 1.8
' Normalised emittance ¢ m 1.5 1.5 1.5
s it 3, m—2.—1 n K
Luminosity 10™ cm™s 1 9 9 23 8 15 Electrons per bunch 10° 6.2 6.2 6.2
Electron current mA 20 20 20

IP beta function 37 cm 10 10 15

ep 1810.13022 N Ly P S
1000 - |

| Ufot SediNted . .
800 SClIeRre I e P=10.8 (electrons): important for Higgs, not

N
Run .

500 used in BSM.
400 /

Run 5 Run 6
200 - . . . .

1S4 S I LS6 ® ePb integrated luminosities can be estimated
O . - [ [ [ [ , [ . [
6 7 8 9

® Positrons: P=0,~1/1000 luminosity.
e FCC-eh could deliver ~2 ab-!.
L 0 11 15 13 14 1 I./IOO thosg in ep (10 times .smal.ler luminosity
vears  times 10 times smaller running time).
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