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ep collisions: DIS

 Traditional and best way to probe the inner structure of
nucleons and nuclei

- At high energy, electroweak bosons (Z/W) play roles in
addition to r
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HERA: the last ep collider

« Ee=27.6 GeV, Ep =920 GeV, vs =318 GeV

« Most precise measurement of PDF (parton distribution functions)
up to Q2~ 104GeV2, down to x ~ 10

* Indispensable inputs to energy-frontier hadron collider (LHC)

H1 and ZEUS
- : H1 and ZEUS
N - e HERANC ¢p 04 fh™

2 107 Y a1 o~ E T T T T TIT] | T T T TTT] T [
L 107 m HERA NCe'p 0.5 fb °;'> = =
Zo T e xy= 000005621 Vs =318 GeV @ ol O HERANC €p 04!
2106 .. xy; = 0.00008, i=20 ‘1 Fixed Target o) 10: P 3
g - Xg; = 0.00013, =19 = M i 3
©ITeee TwStAn s e HERAPDF20¢pNLO s F O HERANCEpOSH! >
10 5 E - r":/r“‘:_...rr' BJXBj = 0.0065, i=16 mmm HERAPDF2.0 e+p NLO & §_ Q) O s HERAPDF2.0 NC e-p _§
S Xg; = 0.0008, i=15 ) = 3
A _,% Xp; = 0.0013, =14 o - S x mssm HERAPDF2.0NC e'p O
s L x5 = 0.0020, i=13 S g —=
e - _’_,.—---"""""‘“_.-H ! = 107 E E
- e S 0.0032,i=12 B = s ©) E
C - xg; = 0.005, i=11 = - :
F -7 W Xpi = 0'(113’ 1=9__ E = | @ @ E
10 2| " -_UJ_'-If.'.—".—'_- piaint SRS Th 0.02,1=8 B || ]
I - =t x,=0032,i=7 30 i
E Sk X, = 0.05,i=6 103§_ y<09 " E
10 = —rohEr— s —= e e s Xp; = 0.08,i=5 = \F=318 GeV -
00 0 Booodh XBj = 0,13, i=4 I~ =
I , xg; = 0.18,i=3 3 E
1 g B Xy = 025,12 oF ® HERA CC €p 0.4 fb! -
0 1 ; Py 1 ity '—i".\N f xBj =040,i=1 10 g_ [ HERA CC e+p 0.5 fb-l \\ _§
I e, ! - HERAPDF2.0 CC ep Q-
- L 2l _ E E
10 - : = 065,10 = HERAPDF2.0 CC e'p =

10-3:\‘ | | \\HH‘ | | \\HH‘ | | \\HH‘ | | \\HH‘ | | \\HH‘ | I | 10-7_ I I I I - I|3 I I I I I = I| I I I
1 10 10° 10° 10 102'5 ) 10 10* s 5

Q°/ GeV Q*/ GeV



Future of DIS - ep(eA) collider

+ Use a p(A) beam of the hadron collider, M. Kiein
CO Iide With a new (po arized) e-beam esolving Proton Structure

« LHeC: 60 GeV e x 7 TeV p
— Js=1.3TeV

» FCC-eh: 60 GeV x 50 TeV p 107
— /s =3.5TeV
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* No major additional investment in
hadron beam facility: affordable cost!
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New e-beam by ERL
* Energy Recovery LINAC (3 turns of 2x10 GeV)

» Decelerate unconsumed beam, whose power is
recycled (accel. and decel. beams in opposite RF phase)

tune-up dump
I I 10-GeV linac comp. RF

injector

0.12 km

-
comp. RF 20, 40, 60 GeV

2.0 km

10, 30, 50 GeV
total circumference ~ 8.9 km

dump

+«+ 10-GeV linac
0.03 km
e- final focus 5



ERL design

« 802Hz, 5-cell s.c. cavity, 18 MV/m
» Aiming at L~1034 (100 fb-'/year)

D. Pellegrini, DIS17
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Location and footprint

M. Klein, DIS17

FCC

Civil Engineering
Different Options

Fraction 1/3-1/4-1/5
Pt2 and P18

» - R - -
LR, & ¢ 1'% 5 R,

A 9km ERL is a small add-on for the FCC
Energy — Cost — Physics — Footprint Doubling the energy to 120 GeV hugely
are being reinvestigated Increases cost and effort.



Eng. consideration

Civil En. in ring D Pellegrini, DIS17
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Demonstrator: PERLE

« 8-cavityx2, 3 turns — 1 GeV e-beam, 10~20 mA
* Proposal at LAL (Orsay) with 1/2 RF (400 MeV)

PERLE at Orsay: New Collaboration: BINP, CERN, Daresbury/Liverpool, Jlab, Orsay +

* Probe ERL operation s

3 turns, 2 Linacs, 15mA, 802 MHz ERL facility
-Demonstrator of LHeC

i N M U Iti - M VV reg i me “Technology (SCRF) Development Facility

-Low E electron and photon beam physics o
-High intensity: 100 x ELI ) g

- >

» Can do low-energy, s
high-intensity ep/eA /i,///
(rp/r A) beam physics
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Detector design

* Asymmetric energy — asymmetric detector

* Very low-angle tagging is important

All Numbers

1316 A[cm]
> « 438
Muon Detector
************************ - 275
Hadron Hadronic Calorimeter | " ao
Solenoid - o

PK: Status 11/16
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Physics at the LHeC/FCC-he

* Any interesting physics in energy-frontier ep(A)?
* Yes!

e.g.. P. Newman [NPPS 191 (2009) 307]
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Physics example: PDF

Kinematics of a 100 TeV FCC

10° =

C. Gwenlan, DIS17

Plot by J. Rojo, Dec 2013

large X relevant in searches for new, very high mass states
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small x becomes relevant even for “common” physics (EG. W, Z, H, t) »



xf(x,Q)

PDF for E-frontier physics
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Relevance of ultra-precise PDF

NNLO pp—Higgs Cross Sections at 14 TeV
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* High-mass gluino xsec
uncertainty >> 100%
— squeezes to < 10%

PDF-uncertainty of Higgs
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combined fit to PDFs+as using LHeC data

Strong coupling constant

500

400

300

~ 0.3% precision from LHeC
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LHeC could resolve a > 30-year old puzzle:
s consistent in inclusive DIS, versus jets?

expected 0.1% precision when combined with HERA

o C. Gwenlan, PDFs and QCD at the LHeC
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ep collider as Higgs factory

- Assumed 1000 fb™" of statistics. (~10 years running for LHeC.)

+ Veto efticiency ot 90% for photo-production background is assumed,
using forward electron tagging.

M. Tanaka, DIS17
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Applying BDT analysis further increases statistics (next page) —




Huge statistics Higgs physics

- Assume a 60 GeV polarized electron beam and 1000 fb™! (~10 years running)
+ Expected number of signal events and error of coupling constant from BDT results.
- Background assumed to be known to ~2%

Cross section of CC: H—bb U Klein (Liverpool
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Electroweak physics

 Polarization of e-beam possible (80%)
* Inclusive NC and CC events — EW & PDF fits
« E.g. W mass from CC — very competitive

«10°© FCC-eh

preliminary

D. Britzger, DIS17
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Beyond SM searches

G. Azuelos
* Example: Leptoquarks ? R T

* Production depends on MR 0 T W s il
e-g-LQ coupling A P/
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Diffraction / Nuclear PDF
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Conclusions

* A new electron-hadron collider, using a hadron beam of
existing/planned hadron colliders, is a cost-effective and
attractive future program.

« An ERL with 60 GeV is extensively designed by experts and
a demonstrator PERLE is proposed.

« ep (eA) energy frontier machine with 100x Q2 reach and

1000x luminosity of HE
complementary to HL-L

* Different objective from

RA — rich physics program

IC and FCC-hh
low-energy machine EIC in US, which

focuses on spin and medium-x structure of nucleons/nuclei.

A dedicated workshop happens 11-13/Sep:
https://indico.cern.ch/event/639067

« Also visit http://cern.

ch/lhec/
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