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Contributions to cost

==Linac
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Civil Engineering
4 Different Options
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J.Osborne, et al

| FCCEh

60 GeV ERL tangential to FCC-hh. IP: L for geological reasons.
L= 1.5 1034 Higher s, Q2, 1/x 5



60 GeV Recovery Linac

comp. RF Loss compensation 2 (90m) Loss compensation 1 (140m)
injector

tune-up dump

10-GeV linac

Linac 1 (1008m) —/
Injector

20, 40, 60 Gev Matching/splitter (31m)
Matching/combiner (31m)

10, 30, 50 GeV Arc 1,3,5 (3142m) Arc 2,4,6 (3142m)

Bypass (230m)

Linac 2 (1008m)

/N

IP line  Detector

I
¢ final focus CERN 1 Matching/splitter (30m) CERN 2

<+ 10-GeV linac

Matching/combiner (31m)
0.03 ki

Tnjector

Linac 1 e 10GeVIinac 300 Mey

10 GeV/ipass

X/
; 1.0 km dump g "”47..4.
" I N T

Injection phase 005 !, injection phase
102875 GeV arc -0211966 Agl, phasc advance E
202837 GeV arc 0231414 A2, phasa advance | o3
30.2687 GeV arc -0.166757 Ag3, phasc advance b
5 > 40.3649 GaV arc 0.322776 Apd, phase advance 2
"-‘—, 503649 GeV arc -0.00580018 Mp5, phase advance ’g

60 GeV arc 2.586565 Ag6, phase advance

605 GeV

10.35-GeV linac )
"D, Splitter
5 Gy e o (N

Combiner 60
Jlab

CDR: Default configuration, 60 GeV, 3 passes, 720 MHz, synchronous ep+pp, L.,=1033

6

e



Luminosity for LHeC, HE-LHeC and FCC

parameter [unit] LHeC CDR | ep at HL-LHC | ep at HE-LHC | FCC-he
E, [ToV] 7 7 25 50
E. [GeV] 60 60 60 60
/5 [TeV] 1.3 13 1.7 3.5
bunch spacing [ns] 25 25 25 25
protons per bunch [101] 1.7 2.2 2.5 1
Yép [pm] 3.7 2 2.5 2.2
electrons per bunch [10] 1 2.3 3.0 3.0
electron current [mA] 6.4 15 20 20
I[P beta function /3 [cm] 10 7 10 15
hourglass factor Hgeom 0.9 0.9 0.9 0.9
pinch factor Hy_, 1.3 1.3 1.3 1.3
proton filling H_..; 0.8 0.8 0.8 0.8
luminosity [1033cm=2s71] 1 8 12 15

Oliver Briining!, John Jowett!, Max Klein?,

Dario Pellegrini', Daniel Schulte!, Frank Zimmermann

EDMS 17979910 | FCC-ACC-RPT-0012

Contains update on eA:
6x1032 jn e-Pb for LHeC.
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Powerful ERL for Experiments

Collaboration of BINP, CERN, Daresbury/Liverpool, Jlab, Orsay INP+LAL
CDR 2016/17, TDR 2018/19 ..

lof 115 AUTHOR SUBMITTED MANUSCRIPT - JPhysG-101971.R1 WHY PERLE?
® - An Accelerator Test Facility
®_ Supporting the LHeC
PERLE

PERLE

Powerful Energy Recovery Linac for Experiments

University of Liverpool, November 2017
Conceptual Design Report

Version fomPublication in J.Phys.G

for the J

CELIA Bordeaux, MIT Boston, CERN, Cockcroft and Saturday, November 11, 2017
ASTeC Daresbury, TU Darmstadt, U Liverpool, Jefferson Lab
Newport.News; BINP Novosibirsk, IPN and LAL Orsay
Jg,tﬁe?son Lab

https://indico.cern.ch/event/680603/
arXiv: 1 70508783 ERL facility: high current and energy

low energy nuclear, particle and astro-physics
J Phys G in print




PERLE at Orsay

PERLE at Orsay (LAL/INP) Collaboration: BINP, CERN, Daresbury/Liverpool, Jlab, Orsay
3 turns, 2 Linacs, 500 MeV, 20mA, 802 MHz, Energy Recovery Linac facility

-Demonstrator of ERL for ep at LHC/FCC
-SCRF Beam based development facility

- et o -
7 i
/ - {/ =

-Low E electron and photon beam physics e
fa

_High intensity: O(100) x EL| I~

CDR to appear in J Phys G [arXiv:1705. 08783]

A.Bogacz

https://indico.cern.ch/event/698368/




| LH.O
Why PERILE [as seen from ILHeC]?

o
FUNDAMENTAL MOTIVATION: ..PERLE

» Validation of key LHeC Design Choices

» Build up expertise in the design and operation for a facility with a
fundamentally new operation mode:
ERLs are circular machines with tolerances and timing requirements
similar to linear accelerators (no ‘automatic’ longitudinal phase stability, etc.)

» Proof validity of fundamental design choices:
Multi-turn recirculation (other existing ERLs have only 1-2 passages)
Implications of high current operation (2 * 3 * [6EmA — 25mA] = 30-150mAll)

» Verify and test machine and operation tolerances before designing
a large scale facility
Tolerances in terms of field quality of the arc magnets and cavity alignment
Required RF phase stability (RF power) and LLRF requirements
Halo and beam loss tolerances

PERLE Collaboration meeting in Daresbury: 15-16 January 2018 Oliver Briining, CERN 10



PERLE Magnets

70 dipoles 0.45-1.29 T

+20 mm aperture, 1=200,300,400 mm
May be identical for hor+vert bend

7A/mm? (in grey area) water cooled

DC operated

250 mm

a0 380 mm
/ N N
AN . /

WW 02¢é

114 quadrupoles max 28T/m
Common aperture of 40mm all arcs
Two lengths: 100 and 150mm

DC operated

P Thonet, A Milanese (CERN), C Vallerand (LAL), Y Pupkov (BINP) 11



F. Marhauser et al (Jlab)

1st 802 MHz Cavﬂ:y

CERN-Jlab design, produced at Jefferson Laboratory November 2017
Goal: 16 MV/m, Q, > 10" operated in CW in the PERLE+LHeC ERLs, prototype also for FCC-ee

12



Initial 2K Test of 802 MHz Nb Cavity
December 2017

Qo(2K)
lell

W

Quality Factor

1el10

1e9

0 5 10 15 20 25 30 35
Eacc (MV/m)
High quality, CW: operation point at about 18 MV/m. Quench at 31 MV/m

Rerinsing for field emission suppression, observed at higher gradients.
Next: HOM adapter and cryomodule design - cavity production to proceed.
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LHeC Detector Basic Layout

P. KOStka All Numbers

[cm]
1316
> < 438

<+ 275

<+ 108

<« 46

p/A

http://cern.ch/lhec

CDR: “A Large Hadron Electron Collider at CERN” ,
LHeC Study Group, [arXiv:1206.2913],

J. Phys. G: Nucl. Part. Phys. 39 (2012) 075001

“On the Relation of the LHeC and the LHC” [arXiv:1211.5102] 15



FCC-he Detector Basic Layout FKostka

All Numbers [cm]

<+ 433

154

46

p/A

Length of Solenoid ~10m

Based on the LHeC design; Solenoid&Dipoles between Electromagnetic Calorimeter
and Hadronic Calorimeter.

16



= Installation

Study

to fit into LHC
shutdown needs

directed to IP2
Andrea Gaddi et a/

Detector fits in L3 magnet support

Modular structure

LHeC INSTALLATION SCHEDULE

ACTIVITY Q1 Q2 Q3 Q4 Qs Q6 Q7 Q8

DETECTOR CONTRUCTION ON SITE TO
START BEFORE LHC LONG SHUT-DOWN

LHC LONG SHUTDOWN START (T0)
COIL COMMISSIONING ON SURFACE
ACTUAL DETECTOR DISMANTLING
PREPARATION FOR LOWERING
LOWERING TO CAVERN

HCAL MODULES & CRYOSTAT

CABLES & SERVICES

BARREL MUON CHAMBERS
ENDCAPS MUON CHAMBERS
TRACKER & CALORIMETER PLUGS
BEAMPIPE & MACHINE

DETECTOR CHECK-OUT

LHC LONG SHUTDOWN END (T0+24m)



Physics Highlights

18



LHeC Physics Programme

CDR, arXiv:1211.4831 and 5102
http://cern.ch/lhec

QCD Discoveries
Higgs

Substructure

New and BSM Physics
Top Quark

as < 0.12, gseq # G, instanton, odderon, low z: (n0) saturation, uw # d
WW and ZZ production, H — bb, H — 4l, CP eigenstate
electromagnetic quark radius, e*, v*, W?, Z7?, top?, H?

leptoquarks, RPV SUSY, Higgs CP, contact interactions, GUT through a,
top PDF, zt = xt?, single top in DIS, anomalous top

Relations to LHC

SUSY, high x partons and high mass SUSY, Higgs, LQs, QCD, precision PDFs

Gluon Distribution
Precision DIS

saturation, x =~ 1, J/v, T, Pomeron, local spots?, Fy,, F5
Sag ~0.1%, SM,. ~3MeV, v, 4, ayq to 2 —3%, sin®’O(p), Fr, F¥

Parton Structure
Quark Distributions

Proton, Deuteron, Neutron, Ions, Photon
valence 10~% < 2 < 1, light sea, d/u, s =§?, charm, beauty, top

QCD N3LO, factorisation, resummation, emission, AdS/CFT, BFKL evolution
Deuteron singlet evolution, light sea, hidden colour, neutron, diffraction-shadowing
Heavy lons initial QGP, nPDF's, hadronization inside media, black limit, saturation

Modified Partons

PDF's “independent” of fits, unintegrated, generalised, photonic, diffractive

HERA continuation

Z -
Fr, zFs3, FJ“, high = partons, as, nuclear structure, ..

Ultra high precision (detector, e-h redundancy)
Maximum luminosity and much extended range
Deep relation to (HL-) LHC (precision+range)

- new insight
- rare, new effects
- complementarity

Strong coupling 0.1%; Full unfolding of PDFs; Gluon: low x: saturation?, high x: HL LHC searches...




_ﬁl> . —
6 so 8l [LLHeC Experiment: RPV SUSY, LQ
- E XXX Substructure ?
o - HERA Experiments: P D D
'8 105 I (] H1 and ZEUS H>HH [
© - Fixed Target Experiments: : 1
§- © ] mMe High : Large x
p* 104 ©£22 Bcoms Precision |
7 ¢ UL E66S QCD &
k= ] sLAC :
.
E FSSSSSS
z . o =
5 10 2| h A g5 Q:Q:Q:Q:Qy
S O/ V5 S S S A ST E
E | <C : SRS |
s | 2o e
L10 - High Density Matter | —Proton =" s
3 . - New form of : iy 2
v F . i :
gluonic matter? P -

UHE Neutrinos =

L.LJ) lllLll

1
10 3

L 11111

— 2 1l 23 v aaanl 23 saanl 2 sl s sl 1 aaanl AL 1 1a1s
-7 -6 -5 -4 -3 -2
10 10 10 10 10 10

Relation to pp : x, ,= (M/Vs) exp(ty) & Q%= M?

HERA
established
the validity of
pQCD down to

x>10+4
(DGLAP)

due to a very

high lever arm
in Q2.

Extensions of
both x and Q2

ranges are
crucial for new
experiments
and HEP
theory
developments!
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Gluon distribution at Q? = 1.9 GeV? Gluon distribution at Q% = 1.9 GeV? aI'XiV: 1 802 .04331 7

o7 L L of‘m;""l""I”"I""I""I""I""I"";
% % o om0 Gluino Pair Production PDF Uncertainty
O 6 T(S&%C‘L) ] (0] B wworso ] _ nC/lTMl:T s
2 | 7 2 o 1 JeE=
‘; 55.& zmumou I 1 %;:::‘T::" E i — fsgcl '
S sl
B E 107F \ N\
2 % Y - \ 0.5
7% B Kt —
1 B i . o © M= M, [Tev]
10%F
: : Strong reduction of
. . A parton pdf uncertainties,
_ S WE R with largeimpact on high-
10° 10* 10° 102 01 02 03 04 05 06 0.7 0.8 0.9 X physics in pp
X X
case cut [Q? (GeV?)| | uncertainty | relative precision (%)
HERA+jets Q%> 35 0.00099 0.82 down to
LHeC only Q%> 35 0.00020 0.17 0.1% error
LHeC+HERA Q?>35 0.00013 0.11 in ag
LHeC+HERA Q*>7.0 0.00024 0.20
LHeC+HERA Q? > 10. 0.00030 0.26 21



High Precision for pp

NNLO pp—Higgs Cross Sections at 14 TeV

< 60
a iHixs1.3
S’ L
c 58 M = 125 GeV
.0 - NNPDF2.1(0.121)
o
8 L
n 56 -
@ i _ NNPDF2.1(0.119)
o i
o -
S 54 i
L cTio MSTWO8 HERA15
52
i o 124 GeV
50 — 125 GeV
48 -
46 7 JROOVF
x
4 4
\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\‘\\\

0 01 02 03 04 05 06 07 08 09 1
arbitrary

Can achieve <0.5% precision in pdf
uncertainty, thus removing this
uncertainty from the prediction of the
Higgs cross-section.

IM'IN

D,

AR =
W-boson mass  preliminary
expected uncertainites
HERA : ——
LHeC ot
FCC -
LHeC & FCC ro-
PDG [2016] —o—

\

i T R i L1
83.3 83.35 83.4 83.45
my, [GeV]

Reduce pdf error 2.8 MeV -
Remove PDF uncertainty on M, LHC

Spacelike M, to 10 MeV from ep
- Electroweak test at 0.01% !
22



eA Collisions

< 10°

Q

S

% 10°
Extension of kinematic
range of eN scattering by 1p¢
orders of magnitude in Q2

and 1/X 103
Complementarity to AA
and pA physics: initial

state of QGP, 10

hadronisation and
mechanism of
confinement, colective
phenomena seen in AA,

pA and pp 107

nuclear DIS - F, , (x,Q%)
Proposed facilibes:

| LHeC
[ ] eRHIC

Fixed-target data:

- NMC

E772
B E139
E665

. EMC

Q’ (Au, b=0 fm) / y

| LR
N\

perturbative

—non-perturbative

p—
o

l'l'l"‘ |

/

/‘” e-Pb (LHeC)
~ (70 GeV - 25 TeV)

'l*‘l!"'i""“lll | | lll""‘ Ll

10° 10°

10

10° 102

1
10 23

1
X

YEnterria arXiv0707.4182



LH.O eA: inclusive

1.1

e Large impact on nPDFs,: 1 0ol
possible to make a Pb fit 7 !’ 1 S g f”%ﬁ
without proton PDFs : o=y T fmjm T e T g T aw ]
e Large room for R e ST P SRR SRS
imprc?vements: NC+CC at: o/ Pl - 7 mf:mm ﬁif
several energies, flavour “ &} o T caec T conv T cimert oo
decomposition,... A

R(Pb) Baseline
valence

X X X 24



Direct Measurement of |Vu)|

1. . .
including top-quark mass uncertainty
% Gypeo: NLO PDF4LHC11
NPPS205 (2010) 10, CPC191 (2015) 74
including beam energy uncertainty

C.Schwanenberger

e

VCKM =

Takes advantage that tt
production is suppressed in ep.
FCC-eh with 2 ab! would further
improve the result significantly.

ATLAS+CMS Preliminary
LHCtopWG

5
[fVil = V% from single top quark production November 2017
theo

Giheo- NLO+NNLL MSTW2008nnlo
PRD 83 52011 091503, PRD 82 (2010) 054018,
PRD 81 (2010) 054028

AGy .- scale ® PDF

My, = 172.5 GeV

—t++—
total theo

[f vVl £ (meas) * (theo)

t-channel:
ATLAS 7 TeV' = 1.02+ 0.06 + 0.02
PRD 90 (2014) 112006 (4.59 fb™') :
ATLA " [T 1.028 + 0.042 + 0.024
EPJC 787 %01%) 531 (20.2fb7")
CMS 7 TeV et 1.020 + 0.046 + 0.017
JHEP 12 (2012) 035 (1.17-1.56 fb™") :
CMS 8 TeV o 0.979 + 0.045 + 0.016
JHEP 06 (2014) 090 (19.7 fb™)
CMS combination 7+8 TeV HeH 0.998 + 0.038 + 0.016
JHEP 06 (2014) 090 :
CMS 13 TeV? —ire+— 1.03 £ 0.07 + 0.02
arXiv:1610.00678 (2.3 fb™") :
ATLAS 13 TeV*® H—t—] 1.07 +0.09 + 0.02
JHEP 04 (2017) 086 (3.2 fb™")

Wi: :
ATLAS 7 TeV I - | 1.03727°+0.03
PLB 716 (2012) 142 (2.05fb™") : e

) B ) +0.16 +0.03

QF'}ALS1170 L%Ya) 022003 (4.9 fo™") I 1 101 013 —0.04
ATLAS 8 TeV"” , —t—— 1.01+0.10 + 0.03
JHEP 01 (2016) 064 (20.3 fb™") i
CMS 8 TeV' —feo—t+— 1.03+0.12+ 0.04
PRL 112 (2014) 231802 (12.2fb™")
LHC combination 8 TeV iHctopwa ——— 1.02 + 0.08 + 0.04
ATLAS-CONF-2016-023, :
CMS-PAS-TOP-15-019
ATLAS 13 TeV*® , I ; T—— | 1.14+£0.24+0.04
arXiv:1612.07231 (3.2fb™") :

s-channel:
ATLAS 8 TeV® I . i 0.93%%18 + 0.04
PLB 756 (2016) 228 (20.3 fb™") i 0.20

1.000+0.01
LHeC : ted
1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 i 1 1 1 I 1 1 (gxlpelc I el 1 )I I
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
|fLVth|

LHeC, 100 fb~

25




TOp Qual’k Anomak)us C.Schwanenberger
Couplings

€ (&

t*.q

P p

=1in SM

in \! P
gD D
. v Rqg+ v J— —_
—%Euj‘; e (-, 4 TRPR)tWM"+h.c. L=~y q; quqwﬂ (fa + hq75)a A + hec. L= K'tuhtUh + litchtCh + h.c.
w ,C

Dutta, Goyal, Kumar,

Turk Cakir, Yilmaz,

Mellado, Eur. Phys. J. Denizli, Senol, Karadeniz, . . Sun, Wang,
DELPHES €75 (2015) no.12, 577 DELPHES 0. Cakir, Adv. High Energy par‘amefl"lsa‘rlon arXiv:1602.04670
Kumar, Ruan, to be publ.

Phys. 2017, 1572053 (2017)

o
o

05 10000 : '
N . 20 | 50Teves0GeV
. Hadronic I:If‘L f“‘ observation 30 50

Hoa 5o i Bqys=5% FCC - ep
DfZL DflR N 10 ;r‘
1 1000 F : E [~ —20
\ N\ Lo~

} \ » ‘l"-, o
Jo2 —~ ) ’ X B
< - . N\ . - pe’— v, (h—bb)b
0.14 % .

LHeC

=3
@

=)

w

Limits of couplings at 95% C.L.

o
)

Br(t—uh)

............. P.=0.8 .
o1 \ : \ ,\\050-09 E A N observation
t\\\\" N ,‘ .. NRNEEN RN S > s <004 &t NN Y

e — °<0.01 ol NNl e, T

-0.1 7—0.1 Fcc-ep
3 104
o | o2 1 L ! I ! I I I I I I |
102 o jos 10-6 10-5 1 0-4 100 200 300 400 50071 600 700 800 900 1000
Integrated Luminosity [fb] BR (t . qY) L[fb™]
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it is remarkable that VBF : :
diagrams were calculated for LeP’ﬂ:jn "T“"S bly qua;k ,I—ulnes
lepton nucleon collisions before °U' omnym‘r Y 99

At LHC replace

for pp!

e:i:

LSmall theoretical uncertainties

U Topological requirements
effective in background
suppression

dLarge S/B w.r.t. pp, e.g. in h->bb
expect S/B=3



LHeC, a Higgs Facility

-> for first time a realistic option of an 1 ab! ep collider (stronger e-source,
stronger focussing magnets) and excellent performance of LHC (higher
brightness of proton beam); ERL : 960 superconducting cavities (20 MV/m) and

Ultimate polarised

e-beam of 60 GeVY
and LHC-p beams,

10 years of
operation

=» Decay to bb is
dominating
HFL decay
modes :

Higgs decay to cc

is factor 20 less

likely than Hbb

times the ratio of

detection
efficiencies-

9 km tunnel [arXiv:1211.5102, arXiv:1305.2090; EPS2013 talk by D. Schulte]
Vs= 1.3 TeV LHeC Higgs CC (e p) | NC (e p) | CC (e*p)
Polarisation -0.8 -0.8 0
Luminosity [n,l)_l] | | 0.1
> need of | (055 Section [fb] 196 25 58
different Decay BrFraction N{{(; e p N,{\I'(;' e p 1\'%(, etp
models : H — bb 0.577 s _ 113 100 13 900 3 350
cc: ‘sm-full’ | 17 — 0.029 <L = 5700 700 170
H—= 77~ 0.063 12 350 1 600 370
H — 0.00022 50 5
H — 4l 0.00013 30 3 —
H —212v  0.0106 2 080 250 60
gg, vv: ‘heft’ H — gg 0.086 16 850 2 050 500
H—-WW 0215 42 100 5 150 1 250
H—=ZZ  0.0264 5 200 600 150
H — vy 0.00228 450 60 15
H — 7ZA 0.00154 300 40 10

Uta Klein, Higgs to HFL

squared! 2g



€

B.Coleppa, M.Kumar, S.Kumar, B.M., Phys. Lett. B770 (2017) 335

Top Yukawa coupling

Introduce phase dependent top Yukawa coupling

L = —iﬁt—[cos (o +iyssind|th

Enhancement of the cross- b

section as a function of phase
25

E, = 60 GeV
R Fe T —— 9om/10

20 47/5

Tw/10

15 3n/5

27t/5
10 + .
3n/10

/5
5t

/10
0

0

1 10 100 1000

0 /5 21/5 371/5 4r/5 T Luminosity [fb™]

¢,
Observe/Exclude non-zero phase to better than 40.
Measure coupling with 17% accuracy with zero phase 2°



Signal Strength of SM Higgs decay in ep

S/ [%] See U.Klein’s talk
50
20 preliminary
30 W LHeC
20 W HE LHeC
FCCeh
10
0 -

bb WW gg 1t cc ZZ vy bb WW gg tt cc ZZ vy

M+U.Klein, 6.3.18

Charged Currents: ep > vHX Neutral Currents: ep > eHX

2 br,=0.99+0.01 precise reconstruction of full width from 7 most frequent decays
(2% at LHeC, and 1% at LHeC+LHC). Charged currents only

E.= 60 GeV LHeCE =7 TeV L=1ab! HE-LHC E,=14TeV L=2ab? FCC: E,=50TeV L=2ab!
30



SM Higgs Couplings, kK, with LHeC

Ok/k [%]
8
preliminary
6
4 — M HeC
CLIC350
2 r
N . :
bb WW gg T cC 7 Y

LHeC: 60 GeV x 7 TeV. CLIC: 350 GeV [arXiv:1608.07538, “model dependent fit”]

31



NS W Bk Ul O

SM Higgs Couplings, kK, with FCC-eh

Ok/K [%]

preliminary

" HE LHeC
M FCC-eh

bb WW gg T ccC 7 Y ttH

arXiv:1702.03426

M+U.Klein, 5.4.18
Coleppa, Kumar”2, Mellado

NC+CC Analysis using overconstrained system of couplings

E.= 60 GeV L=2ab! HE-LHC E,=14TeV  FCC:E,=50TeV
32



Growing interest in BSM physics with ep  See talk by M.D’Onofrio

number general
1 Acar, Y. C., Akay, A N., Beser, S., Karadeniz, H., Kaya, U., Oner, B. B., & Sultans

S., FCC Based Lepton-Hadron and Photon-Hadron Colliders: Luminosity and Physics., hitp:/arxiv.org/abs/1608.02190
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Sterile Neutrinos at ep colliders

- Antusch et al.Int. J. Mod. Phys. A 32 (2017) no.14, 1750078
O.Fischer
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» Neutrino oscillations — type | seesaw

» Lowscale seesaw models allow large

production xsections at colliders o
o .o
> Present constraints: || < 103
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» Searches via lepton-flavor violating
final states: p +jets, ur + jets e o
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» Displaced vertex searches for heavy neutrino masses < myy 34



Higgsino search at FCC-eh ¢ Hen ? LR Pan K Wang, arXiv:1802.03679

Higgsino: Higgs partner in supersymmetry, e — — Ve See talk by
difficult to probe at the LHC(C. Han et al, JHEP 1402 (2014) 049) e M.D’Onofrio
e e |14 17‘3
ZIy W
p ———=
i e — .
W, Z/y
p > J P > »
Higgsino production Standard model main backgrounds
Typical signal: electron + jet + missing energy 1% sys, o CoCeVE = o0TeY
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Outlook and Conclusions

dProgress in devising concurrent ep/pp running

AQUnique DIS facility at CERN with 1034 instantaneous
luminosity, opens new horizon for particle physics

UPERLE collaboration formed, conceptual design
(ODemonstrator for ERL; envisioned at Orsay
dFirst 802 MHz cavity produced
Passed tests and quality factors requirements
dComplete design of FCC-eh detector

L Complementarities of the ep/pp programs strongly
benefits HL(HE)-LHC, FCC prospects:

dPrecise measurements and discoveries in QCD
LOExploration of new nuclear substructure in new domains
Precise/complete determination of SM Higgs couplings
OUnprecedented precision in top physics topics
LAdditional sensitivity to physics BSM 36
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Why PERILE [as seen from ILHeC]?

FUNDAMENTAL MOTIVATION:

» Validation of key LHeC Design Choices

» Build up expertise in the design and operation for a facility with a

fundamentally new operation mode:

ERLs are circular machines with tolerances and timing requirements
similar to linear accelerators (no ‘automatic’ longitudinal phase stability, etc.)

» Proof validity of fundamental design choices:

Multi-turn recirculation (other existing ERLs have only 1-2 passages)
Implications of high current operation (2 * 3 * [6EmA — 25mA] = 30-150mAll)

» Verify and test machine and operation tolerances before designing

a large scale facility

Tolerances in terms of field quality of the arc magnets and cavity alignment
Required RF phase stability (RF power) and LLRF requirements

Halo and beam loss tolerances

PERLE Collaboration meeting in Daresbury: 15-16 January 2018

Oliver Brining, CERN



PDFS AT THE LHEC S.Forte

e UNCERTAINTIES DOWN TO PERCENT LEVEL IN WIDE KINEMATIC REGION
e WITH DEUTERON BEAMS, FULL LIGHT FLAVOR DECOMPOSITION

e THANKS TO HIGH ENERGY, NC+CC => PRECISION STRANGENESS DETERMINATION
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Impact of LHeC at small x

now... gluon distribution at Q2 = 1.9 GeV2
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LH-O

Small-x: inclusive

NLO DGLAP cannot accommodate F, and F, in
presence of saturation
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FCNC Branching Ratios at Colliders

C.Schwanenberger
ATLAS+CMS Preliminary

E.=60 GeV
1000 fb1

LHC topWG
BR(t— Hu)

Each limit assumes that all other processes are zero

November 2017
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S 1'HER 1S |. .
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C.Schwanenberger
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Structure of HVV couplings

FSM — —aM )
higgs + 2jets: VBF (LHC), higgs + jet + missing Ep (LHeC) pv gg V 9u
FESM(]'), Q) = —7‘ [y [)‘ (p "4 — pl/qu,) + N E;u/pappqa]

Can consider azimuthal angle
correlation between scattered
neutrino and quark. Other
observables can be used too.

hadron collider

ep collider

ep process uniquely addresses the HWW vertex. 0.06 |

Model independent separation of HWW
and HZZ coupling, unique capability of
ep collisions, not available in pp and
e*e collisions

0.04 |

0.02 |

Normalised Cross-section/bin [arb.unit]

i E.= 140 GeV
0 . M B I BT BT B
B.Biswal, R.Godbole, S.Kumar, B.M., S.Raychaudhuri ° ! 2 3

Phys.Rev.Lett. 109 (2012) 261801 A ey, [rad]




Compositeness

4-fermion EFT: Lepton-quark compositeness scale
Quark radius

Leptoquarks and RPV squark decay

Accessible range largely excluded, but not completely
Better measure of LQ characteristics, if they exist

Anomalous Triple Gauge Couplings

Comparable to LHC

Top FCNC couplings

couplings — great potential wrt HL-LHC

Vector-like leptons, heavy/excited
leptons, bileptons, higher isospin lepton
multiplets

No constraints on VLL, so far, at LHC
Extend sensitivity to for lower masses

Heavy neutrinos, Majorana neutrinos,
sterile neutrinos

Symmetry-protected see-saw model
LHeC reach similar or better than HL-LHC

SUSY EW: compressed scenario,
Higgsino, (dark sector)

Long-lived neutral particles
Disappearing tracks — low background, compensate the
low signal production rate

Anomalous Quartic Gauge Couplings

Better control on background:
no gluon exchange diagrams (mostly FCC?)

extended Higgs sector: higher isospin
multiplet

Singly- and doubly- charged higgs by VBF
(mostly FCC) 46




mass

Sterile Neutrinos at ep colliders

» Neutrino oscillations are evidence for non-zero m,,.

Treee Cenerations
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Antusch et al.; Int. J. Mod. Phys. A 32 (2017) no.14, 1750078
O.Fischer

» Lowscale type | seesaw with sterile neutrinos
— heavy neutrino mass eigenstates with M ~ vgw

» Neutrino mixing |0,

, = e, 1, 7 = Weak current production.

> Present constraints: |fe| < 10—3 = sizable cross sections at ep.

Antusch, Fischer; JHEP 1410 (2014) 094



O.Fischer
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Displaced vertices: 0010

» Heavy neutrino-antineutrino oscillations

» Oscillation from Am - can be ~ mm.

Antusch et al.; [1709.03797]

Lepton flavor violation:
» Unambiguous: p +jets, 7 +jets, um + jets
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» Highest sensitivity to |fef,|%, a = u, T

Antusch et al.; Int. J. Mod. Phys. A 32 (2017) no.14, 1750078
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o in fb

0.1

E, =50 TeV

Cross-sections

= _wcev 1IN the SM
50 160 1%0 260 250
E. in GeV

300

Considering highly
asymmetric
collisions
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Effective vertices. Note the dependence on momenta in non-SM
vertices. This induces significant impact on scattering kinematics.

. . 1
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