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Legacy of HERA
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Legacy of LHC
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What it takes to get SM from LHC
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Theory4LHC

Where do we stand?

» Witnessed an NLO revolution

» NLO and parton showers

» Substantial progress on NNLO calculations

Future Directions
» NLO+PS as new standard for event generation
» NNLO automation

» Beyond NNLO T S wrw-ax
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LHC 8 TeV -
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PDF uncertainties
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J.Huston, PDF4ALHC, April 2015

c) New (arxiv:1510.03865): USing a combined
PDFLHC15 set constructed from CT14,

MMHT14 NNPDF3.0

A statistical combination of 3 sets

* Reproduces the total uncertainty with only

30-100 error sets

* Eliminates redundant comparisons of 3

global sets

* can be used in many (not all) cases
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Down from 7% to 3%

from Pavel Nadolsky
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Spin
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Progress towards understanding the 3-dim. picture of the nucleon from exclusive
processes (from Ralf Seidel)
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Glossary of future colliders

* Hadron machines

HE - LHC, pp 28 TeV

FCC - pp 100 TeV, 80 to 100 km tunnel, 16 to 20 T magnets
SppC - pp 50 to 100 TeV, 50 km tunnel.... (China)

« Electron-positron machines

ILC -linear collider, 500 GeV baseline (expandable to 1 TeV)
CLIC - linear collider, 380 GeV to 3 TeV

FCC ee - circular collider, 240 to 350 GeV

CEPC - circular collider, 240 GeV

* Muon collider - Higgs factory and energy frontier
Circular collider - 120 GeV (expandable to 5 TeV), 300 m long

* vy colliders, ep colliders (derivatives of ee and pp colliders)
* Plasma wake field accelerators (laser or beam driven)
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Choice of experiments for precision Higgs physics
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Projected Higgs coupling precision (7-parameter fit)
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Choice driven by cost, consensus and ... globalization

NATURE|COMMENT -

Nigel Lockyer

Particle physics: Together to the next frontier

SCOTT GARRETT

4/13/16



Luminosity [cm2s]

LHC roadmap: Goal of 3’000 fb' by mid 2030ies

6.0E+34

5.0E+34

4.0E+34

3.0E+34

2.0E+34

1.0E+34

0.0E+00

e Peak luminosity

—|ntegrated luminosity

T - Ty y ) | 3500
§ 5 § § 3000 fb!
1 =
G i 2500 &£,
) AENSARRA SRRt At | Reat ettt -
I : et
P | 2000 &
el JS g
T ‘ﬂ """ T N I=
Runl Run 2 Run3 1500 =
A ! 3 ©
- S IS . %
P e ®® : . 1000 =
: e} ngh gf
P | Luminosity =
T E----? b= ----? --------- _1 o I-HC 500 -
: o 300ﬂb
ol 3 ' 300
* 30fbr ; |
e 7 . \ ; 0

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

LHC timeline

\

J

Year

High Luminosity project (HL-LHC)



e e,

’ ,l i Fﬂ_ﬁ_. \\‘\::\\‘\‘ Yo daT=-% 4 ~ = A i ala
7 R l/ ) \ \‘/’/ r - ~ &> © _\ = -
N\ e /) (VIGAKIIELS: NEVY LlIIELDICEL
SRS & s

-

Dipole Field for Hadron Collider

20 HE-LHC
18 o
16 WS

E 14 HL-LHC

] 12 Nb,Sn -

€ 10 | e

= —

g ° NbTE ™

o i vTevatron —”‘HERA RHIC
2 PO
0 SPS & Main Ring (resistive)

H- h f |d M t 1975 1985 1995 2005 2015 2025 2035
igh-fie agnets —

HE-LHC a distinct possibility




Particle Physics Perspective

(C Egg’ CERN Circular Collider
Timescale
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lepton-proton scattering facilities
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CEIC1 = Chinese version

of Electron-lon Collider
(“A dilution-free mini-COMPASS’)

MEIC1 = EIC@Jlab
eRHIC = EIC@BNL

LHeC = ep/eAcollider

@ CERN
CEIC2
MEIC2
HL-eRHIC
FCC-he
SehC
18
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Timeline and Envision of SehC Staging

RIPESLL6
JUNOSZLE

MBI R [ BREERY L%
BESIIISCL
BELLEII/PANDA

ATLAS/CMS/LHGb i=21T 5 H %%

"1 nd
| cEpcxm
| B+ TR | SehC-l 5% | SehC-ll Lk

Pelican Brief

] |-
2020 2030 2040 2050

from Yuhong Zhgng




Particle Physics Perspective
VHEep project by Matthew Wing
Plasma wakefield accelerator (AWAKE scheme)

Long proton beam
—— e ——

* Long beam modulated into micro- .

bunches which constructively
reinforce to give large wakefields.

« Self-modulation instability allows current beams > meduisted anverbesm
to be used, as in AWAKE experiment at CERN. 6 (©)

Neutral plasma

» With high accelerating gradients, can have 51
- Shorter colliders for same energy
- Higher energy

LHC

[PV SN

,1{. . TC V

*» Using the LHC beam can accelerate electrons up to
6 TeV over a reasonable distance.

o = N

1
1
1
1
* We choose E; = 3 TeV as a baseline for a new 0 2 4 6 8 10 12 12 16
collider with Ep =7 TeV = Vs = 9 TeV. " L.km

- Centre of mass energy x30 higher than HERA. A. Caldwel & K. Lotov, Phys. Plasmas
18 (2011) 103101
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Colliders of the 21st Century
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Markus's map if 750 GeV feature confirmed
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European Strategy - next update > 2019

« Europe's top priority should be the exploitation of the full potential of the LHC,
including the high-luminosity upgrade of the machine and detectors with a view

to collecting ten times more data than in the initial design, by around 2030.
(HL-LHC)

« CERN should undertake design studies for accelerator projects in a global
context, with emphasis on proton-proton and electron- positron high-energy

frontier machines. These design studies should be coupled to a vigorous accelerator
R&D programme (CLIC, FCC hh,eeep .. AWAKE)

« There is a strong scientific case for an electron-positron collider... The Technical
Design Report of the International Linear Collider (ILC) has been completed, with
large European participation... Europe looks forward to a proposal from

Japan to discuss a possible participation. (Waiting for Japanese Gov. decision)

« CERN should develop a neutrino programme to pave the way for a substantial
European role in future long-baseline experiments. Europe should explore the

possibility of major participation in leading long-baseline neutrino projects
in the US and Japan. (LBNF in FNAL - DUNE in S. Dakota)

4/13/16 H. Abramowicz - DIS2016 24
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ep in CERN agenda

International Advisory Committee + Mandate

Guido Altarelli (Rome)

Sergio Bertolucci (CERN)
Nichola Bianchi (Frascati)
Frederick Bordry (CERN)

Stan Brodsky (SLAC)

Hesheng Chen (IHEP Beijing)
Andrew Hutton (Jefferson Lab)
Young-Kee Kim (Chicago)
Victor A Matveev (JINR Dubna)
Shin-Ichi Kurokawa (Tsukuba)
Leandro Nisati (Rome)

Leonid Rivkin (Lausanne)
Herwig Schopper (CERN) — Chair
Jurgen Schukraft (CERN)
Achille Stocchi (LAL Orsay)
John Womersley (STFC)

IAC Composition June 2014, plus
Oliver Briining Max Klein ex officio

Max Klein ICFA Beijing 10/2014

4/12/16

The IAC was invited in 12/13 by the DG with the following

Mandate 2014-2017

Advice to the LHeC Coordination Group and the CERN directorate
by following the development of options of an ep/eA
collider at the LHC and at FCC, especially with:

Provision of scientific and technical direction for the physics
potential of the ep/eA collider, both at LHC and at

FCC, as a function of the machine parameters and of a
realistic detector design, as well as for the design and
possible approval of an ERL test facility at CERN.

H. Abramowicz - DIS2016
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Summary

The below represents my private view on the future of DIS

Given

« the number and size of projects, the existing commitements and
the global nature of decision making,

 the timeline of the various projects,

 the unique potential of DIS in exploring the structure of the
proton (large x) and QCD dynamics at high density (low x),

 given the "interdisciplinary nature” of ep/eA scattering (between
particle physics and nuclear physics = hadronic physics)

EIC looks like the most realistic project for the "near” future
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