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European Strateqgy 2006

. Timeline decided in June 2005 (CERN Council).

« The Strategy Group composition and mandate
approved in September 2005.

o Input from community: Nov 2005 — March 2006
« Open Symposium Jan 30 - Feb 1 2006 in Orsay

« Workshop in Zeuthen 2-6 of May 2006.
The Zeuthen workshop resulted in a Draft
Strategy Document submitted to Council

« Approved at a special CERN Council meeting
July 20006 in Lisbon.
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European Strategy for Particle Physics

e Current strategy was adapted by the Council in July 2006
e It consists of 17 strategy statements:
— two General 1ssues; necessity of strategy

— el ght Scientific activities (LHC, Accelerator R&D, ILC, Neutrino,
Astroparticle, Flavour, Nuclear physics, Theory)

— four Organizational 1ssues
e CERN Council’s role in coordinating European particle physics
e Globalization
* Non-member state relation
e Relation with EU
— three Complementary i1ssues
e Outreach
. Technology Transfer Network

e Relation 1ndu try
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General issues

1. European particle physics is founded on strong national
institutes, universities and laboratories and the CERN
Organization; Europe should maintain and strengthen its

central position in particle physics.

2. Increased globalization, concentration and scale of particle
physics make a well coordinated strategy in Europe
paramount; this strategy will be defined and updated by CERN

Council as outlined below.

Scientific activities

3. The LHC will be the energy frontier machine for the
foreseeable future, maintaining European leadership in the
field; the highest priority is to fully exploit the physics potential
of the LHC, resources for completion of the initial programme
have to be secured such that machine and experiments can operate
optimally at their design performance. A subsequent major
luminosity upgrade (SLHC), motivated by physics results
and operation experience, will be enabled by focussed R&D;
to this end, R&D for machine and detectors has to be vigorously
pursued now and centrally organized towards a luminosity

upgrade by around 2015.

4.

In order to be in the position to push the energy and
luminosity frontier even further it is vital to strengthen
the advanced accelerator R&D programme; a coordinated
programme should be intensified, to develop the CLIC technology
and high performance magnets for future accelerators, and to play
a significant role in the study and development of a high-intensity
neutrino facility.

Itis fundamental to complement the results of the LHC with
measurements at a linear collider. In the energy range of
0.5 to 1 TeV, the ILC, based on superconducting technology,
will provide a unique scientific opportunity at the precision
frontier; there should be a strong well-coordinated European
activity, including CERN, through the Global Design Effort, for
its design and technical preparation towards the construction
decision, to be ready for a new assessment by Council around
2010.

Studies of the scientific case for future neutrino facilities
and the R&D into associated technologies are required to
be in a position to define the optimal neutrino programme
based on the information available in around 2012; Council
will play an active role in promoting a coordinated European
participation in a global neutrino programme.

A range of very important non-accelerator experiments
take place at the overlap between particle and astroparticle
physics exploring otherwise inaccessible phenomena;
Council will seek to work with ApPEC to develop a coordinated
strategy in these areas of mutual interest.
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Strateqy Update

« At appropriate intervals, at most every 5 years,
the European Strategy Session of Council will
re-enact the process aimed at updating the
medium and long-term European Strategy for
Particle Physics, by setting up a Working
Group, the European Strategy Group (ESG) (...)
The remit of the ESG will be to establish a
proposal for the European Strategy Session of
Council to update the medium and long-term
European Strategy for Particle Physics.

Council, September 2007
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Strateqy Update

Proposed timeline (June 2011)

 Kick-off meeting in July 2011
- Dedicated session at EPS-HEP 2011, Grenoble
o Invitation to submit input: end 2011
« Open Symposium: April 2012
- Too early for concluding LHC results (?!)
- Expecting new nutrino results by mid 2012
» Strategy Workshop: September 2012

« Final approval: December 2012 (in Brussels)
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Strateqy Update European Strat

Proposed timeline (updated Oct 2011)

 Kick-off meeting in July 2011
- Dedicated session at EPS-HEP 2011, Grenoble
o Invitation to submit input: Feb 2012

- Deadline for symposium: end of July 2012
- Deadline for strategy document: October 15t

« Open Symposium: September 2012
« Strategy Workshop: January 2013

. Final approval: May/June 2013 (in Brussels)
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Purpose of this Open Symposium

Review the current scientific situation in particle physics:
high energy frontier, flavour and symmetries,
strong 1nteractions, astroparticle (scientific enlargement),
neutrino, theory
and related area:
accelerator, detector, computing, general infrastructure
by plenary speakers. Talks reflect the community inputs but
contain speaker’s private view as well.

Understand the situation in other regions: plenary speakers
from Americas and Asia. (global perspective needed)

Discussion session to collect opinions on the scientific
priority in Europe by various communities.

Starting point to build up a common understanding among
the different communities in particle physics.
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Sessions

 |ntroduction

* Physics at High Energy Frontier and Flavour Physics

e Strong Interaction Physics

o Astroparticle Physics, Gravitation and Cosmology

* Physics of Neutrinos

» Accelerator Science and Technology

* |Instrumentation, Computing and General Infrastructure
e Particle Physics Theory

o Status of Other Regions and Closing Discussion
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High Energy Frontier
and Flavour Physics
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max. local significance: 3.3 o at my=135 GeV

global significance (115-150 GeV) : 3.1 o

local significance at my=125 GeV : 2.8 o

measured o x BR about 2x higher than expected for a SM H at 125 GeV
so far, most direct probe of Higgs coupling to bottom quarks

Here shown: latest, most significant result, not include other channels
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Exotica: Executive summary

Q CMS searches at ICHEP2012 (lower limits in TeV), similar picture for ATLAS

Z'SSM I

='_+_u b’ = tW, (31, 2)) + b-jet
Z' SSM tau t
, C | fad — q’, b'/t’ degenerate, Vtb=1
Z’, ttbar, hadronic, width=1.2% )
Z’, dijet ' b’ = tW, l+jets 41_h
Z’, tthar, lep+jet, width=1.2% j B’ = bZ (100%)
Z'SSM |l (fob=0.2) ) Generation
G, dijet — ﬁ T = 1tZ (100%)
G, ttbar, hadronic j t' = bW (100%), l+jets
GletsMET WM =02 | t' = bW (100%), I+
G yy k/M = 0.1 ‘ !
G, Z(I)Z(gq), k/M=0.1 ; | 6
W,\'g..:; _r—" gluino, Stopped Gluino
Wt %—' stop, HSCP
W’— WZ(leptonic) —_— stop, Stopped Gluino
WR' = tb = stau, HSCP, GMSB
—
WR, MNR=MWR/2 ‘ hyper-K, hyper-p=1.2 TeV

WKK p = 10 TeV ' fractional charge, q=2/3e
pTC, nTC > 700 GeV fractional charge, q=1/3e

String Ball M, MD=2.1, Ms=1.7, gs=0.4 multiple charge, g=2e

— .
String Resonances (qg) j multiple charge, g=3e
) neutralino, ctau=25cm, ECAL time

s8 Resonance (gg)
s8 Rescnance (gg/bb), fbb=1 w— . . 0 1 2 3 4 5 6

EB diquarks (gq) )
)

Axigluon/Coloron (gqgbar)

1

gluino, 3jet, RPV ‘3 ’ 1 ’ LQ1, B=0.5
0 1 2 3 4 5 6 LQ1, B=1.0 .
a" (qg), dijet tgz g‘:ﬁ LeptoQuarks
* y =1 |
+ qu} LQ3, (bbnunu) BrLQ — bvr) = 1 — orioct
. d?et qair LQ3, (btau) p=1.0 C.I. A, X analysis, A+ LL/RR
q ,qjeip stop (biau} C.I. A, X analysis, A- LL/RR

g*, boosted Z
e*, A=2TeV
L, A=2TeV

0 1 C.l., dimuon, destructve LLIM

Compositeness

0 1 2 3 4 5 6

15

Black
MBH, rotating, MD=3TeV, nED = 2, BlackMax Holes
MBH, non-rot, MD=3TeV, nED = 2, BlackMax

MBH, rotating, loss, MD=3TeV, nED = 2, BlackMax

MBH, boil. remn., MD=3TeV, nED = 2, Charybdis
MBH, stable remn., MD=3TeV, nED = 2, Charybdis

MBH, Quantum BH, MD=3TeV, nED = 2

Krakow

Sep 12 G. Dissertori : Experimental Status, HEF 32


https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO/exo-limits-ichep2012.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsEXO/exo-limits-ichep2012.pdf

£ Parton luminosities

100

40-50
O
-
O
| -
=~
= 10
(7))
@)
=
=
=
1

Krakow
Sep 12

.
7N\ ETH Institute for
Particle Physics

from http://www.hep.phy.cam.ac.uk/~wjs/plots/plots.html WJS2012
R ! ! ! I I ! ! ! ! ! ! ! ! I ! ll ! dl
[ ratios of LHC parton luminosities: // i
|, 8TeV/7TeVand 14 TeV /7 TeV /;// |
-
I : :// !
g9 v '
a -
— hs I3
---- Xqq %
</} \
et r/ / II T
qg 77 1} /
C W’ 3 i
L ’/ / 3 //‘ el
- s - . _
L '/' / g // /| _
o y ly rise because
I o P : i | of steep
[ a4 0 1| fall-off of the
B - " e : P 1| lower-energy
............. " Y PDF, at large x
__________ 1.
I e MSITW2008NLO
1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1
100 1000 2 TeV

G. Dissertori : Experimental Status, HEF

33


http://www.hep.phy.cam.ac.uk/~wjs/plots/plots.html
http://www.hep.phy.cam.ac.uk/~wjs/plots/plots.html

M

wteg)  EXEcutive Summary W D

Krakow
Sep 12

©

the SM (in terms of its QCD and EWK parts) works perfectly well, up to the % level,
at the highest energies probed so far (7 and 8 TeV).

We have very advanced theory tools at hand

there is a new boson of mass ~125 GeV, with properties consistent with the SM Higgs,
within the current uncertainties.
More data needed to ascertain the nature of this object.

so far, no indications of BSM physics from direct searches at the HEF:
¢ colored SUSY particles (first generations) ruled out up to O(1 TeV), for a light LSP;
¢ “natural” SUSY probed at level of a few hundred GeV of 3rd generation spartners;
¢ exotica: heavy objects probed up to masses of 2-3 TeV,
¢ a lot of room still to be explored, 14 TeV will be essential!

very few anomalies in the world-wide HEF data, no strongly smoking gun

most important: at the LHC, we are JUST AT THE BEGINNING of the HEF exploration!
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Back to Reality

For many years, physicists kept repeating:
Zhe wulmost /‘Mporztdnf ?aeé Zion 1h parz‘/c/ e p/’]yS 1C5
1S o discover Che Y//&gé

After July 4™, things have changed and physicists now want to:
f?/‘M/ y elucidale its nalire and 1Zs role in Zhe

mel hAarn Sr»r of el ecz‘rowedlé S ymmeZ‘ry Area,é/ng

In the absence of any direct evidence of new physics, the Higgs will be (one of?)
the best source of information about possible new physics and we need to make
sure that the future experimental program is well designed to answer questions like

™ what are its quantum numbers: J?¢? SU(2)xU(1) charges?
& what screens the quantum corrections to its mass?

™ is it an elementary scalar or a composite bound state?

™ is it alone or part of an extended sector?

™ is it a portal to SM-neutral new physics?

Christophe Gr?/'ean IMP/ icclions of Possible Newo p/?}/\S/‘CS 3 Kracoeo, 1077 Sept. 2012



Theory speculations/implications

Many of my theory colleagues also started wild speculations/extrapolations

the SM vacuwum 15 stable/metastable
and the val /a’/fy of the SM can be extended wp o the P anck scale!
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Higes mass M, in GeV Higes mass M, in GeV

It i1s almost certain (>40) that my > Mpestability and Totally certain that my< Miandau
Not totally clear yet if my is above Mstability, but rather important question since

o if my> Mstability, the Higgs could serve as an inflaton

& if mp= Mstability The SM is asymptotically safe, ie consistent up to arbitrary high energy

need precise Higgs&top mass/couplings (and o) measurements (ILC, u coll.)

Christophe Gr?/'ean Im/?//caz‘/onj of Possible Newo Physfcs 6 Kracoew, 1077 Sept. 2012
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Chiral Lagrangian for a light Higgs

SM \\
a=b=c=d3=ds=1

CQQp:CWW:CZZ:CZWZCWWZ...:O

A few (reasonable)
U h h . :
- Z My Py (1 T ey T Cg T assumphons.

b=u,d,l

& spin-0 & CP-even

p NN

— 2
3 (CWW W/j_yWuu + Czz ij + CZ~ Zuy’y’uy) - + ... Vy WW & 77
h h B2 ™ custodial symmetry
_+...>+wa<cgg;+02990—2... r\i
EWPD
. @ no Higgs FCNC
Chhgg G2 M + Chhgg G. G W + (generalization of Glashow-Weinberg th.)
A2 v ,U2 A2 pup I pv ’U2 .

R
\ Flavor
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Higgs couplings measurements

g(hAA)/g(hAA)| -1 LHC/ILC1/ILC/ILCTeV
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Figure 2: Comparison of the capabilities of LHC and ILC for model-independent measure-
ments of Higgs boson couplings. The plot shows (from left to right in each set of error
bars) 1 o confidence intervals for LHC at 14 TeV with 300 fb~!, for ILC at 250 GeV and
250 tb~! (‘ILC1’), for the full ILC program up to 500 GeV with 500 fb=! (‘ILC’), and for a
program with 1000 fb~! for an upgraded ILC at 1 TeV (‘ILCTeV’). The marked horizontal
band represents a 5% deviation from the Standard Model prediction for the coupling.

5-10% @ LHC 07 1-5% @ ILC/CLIC
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Which Higgs couplings?

lot of study on SM-like Higgs couplings
_ m’”‘bu’r should also access the prospec’rs for' non-SM couplings=—e—
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tests of Higgs non-linearities, can answer crucial questions:

o is the Higgs composite or elementary?

& is the EW sym. breaking sector strongly coupled?

™ is the Higgs a doub

o is the Higgs a doub

et or a sing

et or a sing

et (egadi

et (egadi

ilaton): b-1 = 2(a®-1)?
ilaton): 3bs = 4a(b-a?) ?

require a new facility beyond current LHC

Chris fop/ﬁe Gr?/'ean
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ILC

Two single-beam linacs with superconducting RF accelerating cavities ~40 MV/m

Positron source Detectors Electron source

Electrons Positrons

Main Linac Damping Rings Main Linac

Schematic layout of the ILC complex

* For Vs =500 GeV total length of facility ~30 km
e Established technology

— Industrial production of high field superconducting cavities now
well established



C Ll C Overview of the CLIC layout at Vs = 3 TeV

819 klystrons

. " 819 klystrons
15 MW, 142 ps circumferences 15 MW, 142 ps
H | | I delay loop 73 m | | | H
drive beam accelerator CR1293m drive beam accelerator
CR2439m

2.5km 25km
. delay loop » 4 delay loop
TWO dOUble_beam IInaCS Dl'lve S e e decelerator, 24 sectors of 878 m
: A
»  Low energy, high current ‘mmm s o AT T L T
drlve beam pOWGFS Nloo (TA/¥ o main linac, 12 GHz, 100MV/m, 21 km AR 2o e* main linac %
MV/m RF cavities in main s\ /)
. CR combiner ring
Ilnac -[P';%R %EE&%E’;% ng Ivbooster Iina(—
 Two scenarios considered for staged Projected integrated luminosity
construction of machine for CLIC “scenario B”
 Scenario A employs higher aperture ‘s MTntegrated uminostty| 1
cavities for 500 GeV running: >%000p = Total ]
— allows higher beam current and factor 2 2 ’
: : S O [ 05Tev | 15Tev | 3Tev
increase in luminosity < 5000
=
above 99% of Vs E i
— but these cavities must be replaced for 3 TeV 3 I
running T 1000
e Scenario B employs nominal aperture g:’ ;
cavities throughout the programme to = 0

minimize overall cost



Circular e*e colliders

Accelerator ring

Collider ring

E.g., LEP3:
* Vs =240 GeV in the LHC tunnel to produce e*e=>»ZH events
Short beam lifetime (~16 mins) requires two ring scheme
— Top up injection from 240 GeV “accelerator ring”
“Collider ring” supplying 2-4 interaction points L = 103*cm=s per IP
Re-use ATLAS and CMS and/or install two dedicated LC-type detectors
*  Current design uses arc optics from LHeC ring
— Dipole fill factor 0.75 (smaller than for LEP)
— increased synchrotron energy loss (7 GeV per turn)
— redesign possible?
e e*polarization probably not possible at Vs = 240 GeV
* In principle space is available to install compact e*e facility on top of LHC ring
— Is this really feasible?
— Alternatively wait until completion of LHC physics programme and removal of LHC ring?
*  SuperTRISTAN is a proposal for a similar machine in Japan

E.g., TLEP:
 Vs=350GeVin 80 km LHC tunnel to reach thresholds for top pair and ete=2»vVVWW=>VVH



HIGGS FACTORIES e+te-

250 GeV

500 GeV

Linear 250 GeV + Klystron based

Colliders 500 GeV

> 500 GeV

e+ e- LEP3 at LHC tunnel

Circular DLEP — New tunnel, 53 km
Colliders

TLEP — New tunnel, 80 km

250 GeV-40, 60 km tunnel
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HIGGS FACTORIES e+e- R&D & main issues

Linear Colliders

Circular Colliders

Almost ready SC rf technology, need
of opt for low energy, TDR by end ‘12,
XFEL as test facility

Low E : X-band Klystron technology
Demonstrated High gradient cavities
Sinergy with XFELs

> 500, CDR, need of >10 years R&D
CTF3 test facility

Low E - Tunnel ready (not available) ,
technology ok, SCrf cavities ok

Super
TRISTAN

P/12 Krako

hish Enarayy Accalarad ol

Long tunnel, high costs,
environment impact

Technology assessed,

tunnel & site ???

-
Sscart LILLE S

IMMLITCTEY ACLTITTAatutr S




HIGGS FACTORIES e+e- rough costs estimations (BS)

Linear Colliders

e+ e-

Circular Colliders

Super
TRISTAN

B 500 GeV: 7BS (2007), 31 km
next costing end ‘12

240 Klystron based — costing not
ready

500 GeV : 8BS (2012), 13 km
next costing end '12

>500 GeV staging up to 3 TeV
Costing to be defined

LEP3: 1.5BS

DLEP, TLEP (40, 80 km), 3-4B$

2.7, 3.5BS (40, 60 km), 250 GeV
4BS - 60 km 400 GeV

- 12/09/12 Krakow ~ ESG 5BS — 60 km 500GeV




S A P P H i R E 500 MeV e-injector

tune-up dump

11-GeV linac

~0, 20, 40,
60 GeV for
10, 30, 50,70 GeV e* (8 arcs!)
total electric power WA el
beam energy 80 GeV total circumference ~ 9 km
beam polarization P 0.80 Fo—
bunch population 1010 L1km
repetition rate f 200 kHz
bunch length 30 mm 11-GeV linac
crossing angle 220 mrad KB i E|ght arcs per side
normalized horizontal 5 mm
emittance
normalized vertical 0.5 mm
emittance
e-e- geometric luminosity 2x1034cm2s?t

Challenges: ERLs physics (emittance preservation...)



CLICHE (2001) Proposal of using first stage of CLIC
for y—y collider

Laser y dete{rztor Laser y
main linac . main linac

¥~ drive beam decelerator™”

< -
“

drive beam drive beam

delay loop
\ }

-— combiner rings

drive beam accelerator




Muon collider

FRONT END MUON SOURCE 6D COOLING ACCELERATION RING
0 o
= 0.2-2000 GeV _P
Q) © [e—
I i
— T _ -“-Q-—- BB
Proton Source gg 3 % L
35 58 E9 P
PR 32 =0 ~ 4 km
O a0 E >
1
Potential advantages wrt. e*e  TargetL=10%cm2sperIP
Smaller facility size « Many technical challenges to be
— Synchrotron radiation losses ~ E*/m*r faced
Smaller energy spread — Intense proton source
— Beamsstrahlung ~ E#/m — Muon cooling
s-channel Higgs production ~m?2 — Can detectors survive muon decay

rate and still do the physics?

 Could be a follow-on from (or
precursor to) a v-factory
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Figure 7: Ingredients for a possible muon-facility staging plan: a) ¥STORM; b) IDS-
NF Neutrino Factory; ¢) Muon Collider as Neutrino Factory upgrade; d) possible siting of
multi-TeV Muon Collider at Fermilab.



Proton-proton colliders

Facility Years Ecm Luminosity int Luminosity | Comments
[TeV] [1034 cm2s2] | [fb!]
1-2 300

nominal LHC 2014-2021

HL-LHC 2023-2030 14 5 3000 luminosity
levelling

HE-LHC >2035 26-33 >2 100-300 / yr dipole fields
16-20 T

V-LHC 42-100 new 80 km
tunnel

c.f. previous steps in Vs at hadron colliders

SppS =» Tevatron =» LHC
0.63 = 2 = 14 TeV

N.B. Very significant challenges to operate trigger/detector and do
physics at very high luminosity/high pile-up at HL-LHC and beyond



Increasing proton energy beyond 7 TeV:
(2010: study group and workshop)

* reuse of the CERN infrastructure
» “ease” in producing luminosity with proton circular collider
* practical and technical experience gained with LHC

Beam energy set by SC magnets dipole field:
16-20 T == 26 to 33 TeV in the centre of mass.

12/09/12 Krakow — ESG
C.Biscari - "High Energy Accelerators"



R&D on high field SC magnets

R&D started in view of VLHC and ITER - Multi Labs and Industrial Collaborations
examples: LARP - bnl - fnal- lbnl — slac (prototype for 2012)

FRESCA - EuCARD WP7 — 12 Institutes - main involvement from CERN, FERMILAB, LBNL,
BNL, KEK

e Robust, ductile, well extablished techology
eB<10T

e Heat treatment, brittleness
eB<15T
e US-LARp, Bruker - Prototyping

e KEK, Hitachi
e Subscale Magnet for demonstration (B =13 T)

eBuptod5T
e R&D on wires, still long road for High fields magnets
e Mechanical weakness




HE-LHC needs substantial advance in many
other domains:

e accelerator physics

e collimation (with increased beam energy and energy density)

 beam injection — strong Injector upgrade (...SPS 1 TeV)

* beam dumping

* handling a synchrotron radiation = 20 LHC > challenge for
vacuum and cryogenics.

Synchrotron radiation will also constitute a real advantage for HE-LHC design: for the
first time a hadron collider will benefit of a short damping time 1-2 hours instead
of 13-25 h (longitudinal and transverse respectively) of the present LHC.

12/09/12 Krakow — ESG
C.Biscari - "High Energy Accelerators"



The super-exploitation of the CERN complex:
Injectors, LEP/LHC tunnel, infrastructures

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

LHC _ - Construct. Physics
HL-LHC _ Construct. Physics

HE-LHC - - Construct.  Physics

Figure 10. The possible timeline of LHC and its upgrades.




Beyond HE-LHC : new tunnels in Geneve area
47 km — 80 km

1) 42 TeV c.o.m. with 8.3 T (present LHC dipoles)
2) 80 TeV c.o.m. with 16 T (high field based on Nb3Sn)
3) 100 TeV c.o.m with 20 T (very high field based on HTS)

John Osborne (CERN), Caroline Waafjer (CERN) ,‘«.’QL’ e

Figure 9. Two possible location, upon geological study, of the 80 km ring for a Super HE-LHC (option at
left is strongly preferred)




G. Isidori — Symmetry Physics Implications ESPP Open Symposium [Cracow, 10-12 Sep. 2011]
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* (General consideration:

Quark & Lepton flavor physics are a complementary (and necessary)
ingredient to better understand the Higgs or, more generally, the
symmetry-breaking sector of the theory.

* Two key open questions:

*» What determines the observed pattern of masses and mixing angles of
quarks and leptons? [is there a rational behind the observed hierarchies?]

» Which are the sources of flavor symmetry breaking accessible at low
energies? [Is there anything else beside Yukawa couplings & the neutrino
mass matrix that distinguishes the three families?]



Indirect Searches for NP

If the energy of the particle collisions is high enough, we can discover NP detecting the
production of “real” new particles.

If the precision of the measurements is high enough, we can discover NP due to the
effect of “virtual” new particles in loops.

Contrary to what happens in “non-broken” gauge theories like QED or QCD, the effect
of heavy (M>qg?) new particles does not decouple in weak and Yukawa interactions.

Therefore, precision measurements of FCNC can reveal NP that may be well above the
TeV scale, or can provide key information on the couplings and phases of these new
particles if they are visible at the TeV scale.

Direct and indirect searches are both needed and equally important, complementing each other.

AF=2

B, 2 w'pw Higgs “Penguin” B_—B. oscillations: “Box” diagram



Future facilities in heavy flavour physics

 LHCb upgrade
— In 2012 luminosity levelled at 4 x 103> cm=s!
* Mean number of collisions per crossing p~ 1.6 (design 0.4)
— By 2017 can expect to collect total of ~7 fb!
— 2018 upgrade

* Readout entire detector at 40 MHz + software trigger
* Replace precision tracking detectors

— 2019 onwards
* Luminosity levelled at 1-2 x 1033 cm™2s? (u ~ 2-4)
* Collect ~5 fb'l/year to achieve total of ~50 fb!
* Next generation B factory
— SuperKEKB and Super-B (Frascati)
— Luminosity ~103¢ cm=s?
* approaching two orders of magnitude increase wrt. first generation B factories
— Collect ~50 ab™ or more on Y(4s) and several ab™* on Y(5s)
— Substantially improved detectors wrt. first generation
 Many HF observables sensitive to contributions from potential BSM
physics

— e.g., B>y, b=>»sy, B*=>T"V complement SUSY constraints from
direct searches at ATLAS/CMS

33
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» Future prospects

“Minimalistic” list of the key (low-energy) quark flavor-violating observables:

Clean (tree-level) determination
* y from tree (B — DK, ...) of the main SM inputs
. . . [key ingredient to improve
» |Vyp| from exclusive semi-leptonic B decays the precision of AF=2 tests]
* Bgqg—=I'T Higgs-mediated FCNCs [ o(fg) < 5% (from lattice) ]

CPV in Bgmix. [¢s] New CPV (SUSY, ...) [ 6(Syq) ~ 0.01 ]

B — K® [T, v Non-standard FCNCs [ 6(Agp) S 5% |

B — v, uv (+D) Scalar charged currents [ o(fg) — 5% (from lattice) ]

K — v Best probe of non-MFV [ 6(BR) < 5% ]

CPV in charm Key window on up-type dynamics [ more work on the th. side ]
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» Future prospects

“Minimalistic” list of the key (low-energy) quark flavor-violating observables:

v from tree (B — DK, ...) S-LHCb

Vbl from exclusive semi-leptonic B decays  S-Bfactory [SuperKEKB & SuperB]

Bgq— Il S-LHCb + ATLAS & CMS

CPV in By mix. [¢;] S-LHCb +ATLAS & CMS

°* B — KO® [T, v S-LHCb / S-Bfactory
* B— v, uv (+D) S-Bfactory
* K — vy Kaon beams [NA62, KOTO, ORKA]

CPV in charm S-LHCb / S-Bfactory



G. Isidori — Symmetry Physics Implications ESPP Open Symposium [Cracow, 10-12 Sep. 2011]

* The key role of LE'V and EDMSs

LFV in charged leptons at “‘visible rates” if there are new particles carrying lepton
flavor not too far from the TeV scale:

E.g.: SUSY “_X _____ § errmerC

T v V13V23* [GUT]
(8LL)12 ~

yv32 U3Uy," [see-saw]

tanB]2 0.5TeV]' (Or 1o ’
10 m 10'4

~~/

B(p—ey) ~ 109 [

...and similar expressions holds in many other models:

=> MEG has realistic chances to see u—ey (but remember that I' ~ A‘4)
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* The key role of LE'V and EDMSs

The recent MEG bound, BR(p—ey) <2.4x107'2, and its final sensitivity (~107'%),
can be taken as reference values to estimate potentially interesting levels for
future LFV searches in different channels:

same O(a/m) suppression
n—ey flavor u—3e if dipole dominated
=
same / Key observables & planned exp. Limits:\
dynamics ‘u—ey  5x107M [PSI/MEG-II]
Y su—3e  10°19[PSI/u3e]
_ 107> — 1018 [JPARC/COMET
T— Uy [ < 4x10 9} °MN—>6N 01 — 018 [J C/CO ]
1015 — 10718 [FNAL/Mu2e]
enhancement of .
O(103%) [CKM hierarchy] *touy  2x107 [S-Bfactory (50ab7)]

\%—)3 o 10°-1071° [S-Bfact., S-LHCb]/




Summary by Belle
collaboration
demonstrating
complementarity of next

generation B factory and
LHCb

Assumed integrated
luminosities:

Belle Il: 50 ab!
LHCb: 10 fb

Theoretical uncertainties
and “gold-plated” tests of
SM:

What is the quality of the
gold-plating?

Observable Expected th. | Expected exp. Facility
accuracy uncertainty
CKM matrix
|Vus| [K — mlv] ok 0.1% K-factory
V| [B — Xclv] o 1% Belle 11
V| [Bg — wlv] * 1% Belle 11
sin(2¢1) [ceK g b 8-1073 Belle 11/LHCb
bo 1.5° Belle T
o3 rx 3° LHCb
CPV
S(Bs — ¥9) o 0.01 LHCb
S(Bs — ¢9) o 0.05 LHCb
S(Bg — ¢K) o 0.05 Belle IT/LHCb
S(Bs — n'K) orx 0.02 Belle 11
S(By — K*(— K27°)y)) ik 0.03 Belle II
S(Bs — ¢7)) o 0.05 LHCb
S(Ba — pv)) 0.15 Belle 11
Ad, s 0.001 LHCb
As, *Hk 0.001 LHCb
Acp(Bg — s7) * 0.005 Belle 11
rare decays
B(B — 1v) ok 3% Belle 11
B(B — Dtv) 3% Belle II
B(By — pv) *x 6% Belle 11
B(B; — pp) b 10% LHCb
zero of App(B — K*up) wx 0.05 LHCb
B(B — K™%vv) *rk 30% Belle II
B(B — sv) 4% Belle 11
B(B; — 7v) 0.25-10"% | Belle 11 (with 5 ab™1)
B(K — mwv) ok 10% K-factory
B(K — emv)/B(K — pmv) ok 0.1% K-factory
charm and 7
B(t — py) e 3-1077 Belle II
la/plp ok 0.03 Belle II
ok 1.5° Belle 11

arg(q/p)p

1



Concluding remarks on heavy flavour

LHCb upgrade and next generation B factory physics
programmes are largely complementary

— LHCb dominates most measurements with B, b-baryons, decays
to final states consisting entirely of charged particles

— Next generation B factory dominates measurements in final
states containing invisible or neutral particles

Both are likely to make important contributions

Physics programme of next generation B factories consists
largely of refining measurements and searches for rare
decays
— No guarantee of BSM effects — maybe results will be “only”
improved limits?
— Motivation for two facilities (SuperKEKB and Super-B)?
e C.f. when the first generation B factories were proposed
* A major new observation was expected (CPV in B°)

42



Discussion

 Physics scenarios
« HL LHC

» Higgs factories/Linear colliders

* Flavour physics
« multi TeV

12 pazdziernika 2012 A.F.Zarnecki 9



Discussion w-'@

 Physics scenarios

— SM-Higgs-like particle also consistent with SUSY
(predicted to be below 135 GeV)

— Higgs properties need to be studied in detail, but
Jpriorities” not clear

 h3 coupling crucial for confirming Higgs mechanism
* hVVV coupling much more sensitive to NP

— What are implications of the discovery on cosmology?
— Precision of m; measurement limits theory predictions

— Many ,natural” SUSY models predict light weakly
interacting particles, hard to find at LHC

12 pazdziernika 2012 A.F.Zarnecki 10



Discussion m@

e HL LHC

— There are measurements which require ,highest
possible” luminosity

— Expectations for HL LHC ,conservative” - experiments
performing much better than expected.

— Qualitative difference between 1000fb-! and 3000fb-"
not demonstrated

— R&D almost complete

— Substantial investments required to continue running
beyond LS3 even without HL upgrade.

— Need to keep ,luminosity doubling” time short to
attract young people.

— What if we will not find any trace of NP till 2017-187?

12 pazdziernika 2012 A.F.Zarnecki 11




Discussion w-'@

* Higgs factories/Linear colliders
Japan strategy document (Feb. 2012):

Should a new particle such as a Higgs boson with a mass
below approximately 1 TeV be confirmed at LHC, Japan should
take the leadership role in an early realization of an e*e" linear
collider. In particular, if the particle is light, experiments at low
collision energy should be started at the earliest possible time.
In parallel, continuous studies on new physics should be

pursued for both LHC and the upgraded LHC version.
Japan Policy Council proposal (July 2012):

Creation of Global Cities by hosting the International
Linear Collider (ILC)

12 pazdziernika 2012 A.F.Zarnecki 12




Discussion w-'@

» Higgs factories/Linear colliders

— ILC can be constructed in stages:

o 250 GeV - Higgs Factory

e 350 GeV — Top Factory

« 500 GeV

e extension to 1TeV possible, if there is a case for it

— First stages could run in parallel with LHC, we need
these results soon!

— It is very important to ,take momentum” from the Higgs
discovery. We have our ,window of opportunity”

— We should not discuss ,if” but ,how” we should best
support building ILC

— Technology is ready for construction

12 pazdziernika 2012 A.F.Zarnecki 13




Discussion w-'@

» Higgs factories/Linear colliders

— We have only 1% of LHC luminosity. We should still
wait for possible discoveries.

— It is important to keep the possibility to go higher in
energy, if there are suprises from LHC in few years.
— There are other options for Higgs Factory - LEP3

* Not mature projects, significant differences to LEP
* High running costs (saturate CERN power limit)

e It is much more difficult to ,sell” old technology

« At CERN: only after LHC

— CERN can loose its position
— There are not enough resources

12 pazdziernika 2012 A.F.Zarnecki 14




Discussion w-'@

» Higgs factories/Linear colliders

— Separate decision on ILC from strategy towards
possible future HEF machine at CERN

« HE-LHC, CLIC, TLEP, VLHC, up ...
— European contribution to ILC

e Estimated to ~70-100 M$ per year (informal !)
It will not ,kill us”, it is not competition for CERN...

* There are industries interested
e Japan has invested a lot in Europe...

— Possibility to get ,fresh money” still to be verified.
We have to make a strong case...

— We have no other choice but to join and keep
community strong and active...

12 pazdziernika 2012 A.F.Zarnecki 15




Discussion w-'@

* Flavour physics
— No discussion...

e Multi-TeV

— We should not discuss 80km collider, as it is beyond
2040...

— If LHC finds SUSY, we will hold another meeting...

— Building ILC soon opens path to next generation, high
gradient e*e- machine (in the same tunnel?)

— Globalisation is a must, but survival of few large HEP
laboratories worldwide is crucial

12 pazdziernika 2012 A.F.Zarnecki 16



Strong Interaction Physics

12 pazdziernika 2012 A.F.Zarnec Ki 17



Strong Interactions and QCD

Open Fundmental Questions Practical Concerns
<>
- Confinement - Proton parton densities
- Hadronic mass generation - Photon, pomeron, nuclear
- High energy unitarity parton densities
- Spin " Crisis’ - Multi-parton / heavy flavour
- 3 dimensional structure final states
- Coupling unification - (Non)-factorisation schemes
- Strong CP / axions - Hadronisat" & fragmentat”
- QCD instantons - Underlying event / MPI
- Bound states (glueballs, - Minimum bias (pile-up)
hybrids, pentaquarks?) - Boosted jets / substructure,
- AdS/CFT connection to Super- - Jet vetoes
gravity? -

A rich and subtle theory with lots still to be discovered
and many deeper tests of our understanding still needed



COMPASS: past, present and future

100-200 GeV secondary / tertiary SPS muon and hadron beams on
various fixed targets (LH2, Polarized NH;, ¢LiD, Nuclei...)

- 2002-7, 2010-11: Muon beam, polarised targets (nucleon spin)

- 2008-9: Diffractive and central reactions with hadron beam
(hadron spectroscopy)

- 2014-17 [Approved]: Nucleon (3D and spin) ufilterv“:ji&\:.:n\"/
structure using muon and hadron beams o 7
- TMDs via polarised Drell-Yan [
- GPDs via DVCS etc &
- (un)polarised semi-incl. DIS diggle @ ;-.,|'  -

- Planning further [Large
programme on all Acceptance
topics beyond 2017 " saF Spectrometer]



Polarised Proton Programme @ RHIC

J‘ eT/&—PET&EimeTers

~ RHIC

12:00 o'clock

Detector Upgrade programme ~ 2016-18

Polarised pp with

/s =500 GeV :
current highest
energy spin and

| nucleon tomography
programme

(Approved) J-Lab CEBAF 12 GeV Upgrade

Intense 12 GeV electron beam on
fixed targets

High x nucleon and nuclear
structure, nucleon tomography,

meson spectroscopy, confinement ...

add new hall
u

upgrade
existing Halls

g upgrade magnets
and power supplies



(Proposed) US Electron lon Collider (EIC)

- MEIC/ELIC @ Jlab: Add figure of 8 hadron rings to CEBAF
- eRHIC @ BNL: Add energy recovery LINAC in RHIC tunnel

lon source . Pre-booster

E. <~ 20 GeV, E, <~ 250 GeV,
Isyy <~ 140 GeV, Lumi > 1033 cm? s°

- Limited in energy, but >100 times HERA luminosity
- Polarised hadrons - DIS spin, 3D structure in new regime
- Heavy ions 2 large step forward for eA kinematic range:2



AFTER @ LHC
Q

Multi-purpose proposed experiment with
LHC p, Pb beams on various polarised and

unpolarised fixed targets. AFTER @ LHC

- pp /s = 115 GeV (comparable to RHIC) ; /sy =72 GeV in Pb A.

- Full backward access (to x¢ = -1)

- Potentially high luminosity (“slow extraction” 5.108 protons/sec)

- Proton, neutron, nuclear structure (gluon, dbar-ubar, HQ)
- 3D structure through e.g. TMDs (Sivers function from SSAs)
- Complementary deconfinement observables in heavy ions
- Ultra-peripheral quasi-elastic gamma-p, diffraction

Relatively small cost extension to LHC programme.
No timeline yet, but LHCC recommended further studies.

13



electron-proton collider (LHeC)

Loss compensation 2 (90m) Loss compensation 1 (140m)

Linac 1 (1008m) (—

) ) Injector
Matching/splitter (31m)

Matching/combiner (31m)
Arc 1,3,5 (3142m) Arc 2,4,6 (3142m)

Bypass (230m)

\

Linac 2 (1008m)

/N

IPline  Detector
Matching/splitter (30m)

Matching/combiner (31m)

e Q% ..~ 1TeV

max

Double (“race-track”) linear
accelerator option now preferred

10 x 2 x 3=60 GeV e* beam

Unused beam returned from IP to
recover energy

e Luminosity 1033 cm2s? (e'p), 1032 cm2s (e*p)

* Integrated luminosity aim ~100 fb!

e e polarization ~ 90%

— Q¢ __ and luminosity are factors of around 30 and 100, respectively, higher

than at HERA

* N.B. precise QCD (PDFs, a,, MC, etc) is very important for HEF programme

at LHC!

— In addition, some particular HEF reach

— €'N collisions also possible

10
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European Strategy,
for Farticle Pnysics

I he W I I l (D ETH ITstit#tefor
Particle Physi
a S S currently, best measurements from the TEVATRON article Fysics

CDF Il preliminary f L dt=2.2 fb™ Mass of the W Boson
> = =
5 o S Measurement i M,, [MeV]
g 15000— ; :
S - A CDF-0/1 —@ 80432 + 79
s | D&-| o 80478 = 83
10000 DG-Il (o) —— 80402 + 43
I CDF-Il 2 — - 80387 = 19
[/ M, =(80379 + 16_,_) MeV ;
5000— [D]%5 | NCEL — @+ 80369 = 26
L 2 - i
i x/dof = 58/48 Tevatron Run-0//Il  -@- 80387 = 16
== e A RO R e e S LEP-2 . 80376 + 33
0 70 80 90 100 ’
Also used: pr and MET I“T(VN) (GeV) World Average '-‘-' 80385 * 1 5
arXiv:1203.0275 [hep-ex]
Source Uncertainty (MeV) |
| L 1 1 L 1 1 L J
Lepton energy scale and resolution 7 80200 80400 80600
Hadronic recoil energy scale and resolution 6
Lepton removal 2 IVlW [MeV] - March 2012
Backgrounds 3 arXiv:1204.0042v2 [hep-ex]

- AT2 - — i wh ¥ '"-i' i"

“| Parton distributions =8

D Tt roTe—

pr(W) model € where is the limit at hadron colliders?

Production subtotal € no LHC resullts so far, but claims are that pushing

Total systematic uncertainty 15 e G VR e -

.- somewnat pelow ev.mi € possibie
W -boson statistics 12 9 P
Total uncertainty 19 ¢ proposed e*e" colliders claim to attain MeV-level
precision

CDF: single most important uncertainty: PDF(similar for Dzero). Further improvements

envisaged: PDF constraints from W charge asymmetry, extension of rapidity coverage.
Krakow
Sep 12 . Dissertori : Experimental Status, HEF 10


http://arxiv.org/abs/1204.0042v2
http://arxiv.org/abs/1204.0042v2
http://www-cdf.fnal.gov/physics/ewk/2012/wmass/
http://www-cdf.fnal.gov/physics/ewk/2012/wmass/

r

ﬁ : ETH Institute for
Improving the PDF knowledge D R

European Strategy,

large phase space to be covered at the LHC (Q? and x) arXiv:1206.2013v1 [physics.acc-ph]

] HERA I
ATLAS+CMS+LHCb HERA I+LHC(Wasymm

0.3~ \s=7 TeV
- Preliminary ]

0.2

0.1

Lepton charge asymmetry

-0~ ATLAS (extrapolated data, W — Iv) 35 pb™
-0.1 4 CMS (W— uv) 36 pb”
m  LHCb (W— uv) 36 pb"
0.2 MSTWO08 prediction (MC@NLO, 90% C.L.) large-x PDFs :
HiEHE CTEQS66 prediction (MC@NLO, 90% C.L.) large uncertainties
0.3 S HERA 0 predtion (YL o O 1
0 0.5 1 1.5 2 2.5 3 3.5 4

|T|| X

nd 8 TeV__
= . ’3 )
\ 1l
;“J € in my mind, still a huge potential in LHC data for improving
our PDF knowledge
¢ PDF fitter groups start to incorporate LHC data, much more
hopefully to arrive in coming years
¢ large-x PDFs especially important for heavy-object searches
¢ great potential in ratio observables:
NNPDF2.1 —es— either to obtain %-level (or better) theory predictions, or to
MSTW08 —— | constrain PDFs to the % level, over large x-range
ABKMQ9 —— a'\/ulr;w/':1§oojﬁo.:3557v1 [hep-phl ]
Krakow
Sep 12 G. Dissertori : Experimental Status, HEF 11


http://arxiv.org/abs/1206.2913v1
http://arxiv.org/abs/1206.2913v1
http://arxiv.org/abs/1206.3557v1
http://arxiv.org/abs/1206.3557v1

New Proton PDF Constraints

LHeC: huge impact at low x (kinematic
range) and high x (lumi). Full flavour
decomposition without assumptions

LHC: complementary information in
limited range (W, Z, direct vy, DY ...)

Fixed Target (Jlab, COMPASS): flavour
sensitivity 10
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Precision Low x Physics at LHeC

7

! F.(x.Q2=10 GeV Linear approaches
6F 2%, ) NLO DGLAP

£ NNPDF 1.0
5F mem Small-x resummed

R Nm;LinﬁaLammacnea
4F s “". i Eikonal Multiple

" N '--°' scatterings

W cace

3 N Regge

B Pseudodata

0 i
1x106

0.00001

0.0001

0.001

* LHeC can distinguish between
different QCD-based models for the
onset of non-linear dynamics

« Unambiguous observation of
saturation will be based on tension
between different observables
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LHeC Sensitivity to Saturation Region

LHeC delivers a 2-pronged approach:

Enhance target blackness’ by:

1) Probing lower x at fixed Q%in ep

[evolution of a single source]

2) Increasing target matter in eA
[overlapping many sources at fixed kinematics ... density -~
A'/3 ~ 6 for Pb ... worth 2 orders of magnitude in x]

Q2 (GeVz)
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Rough Timeline of Main Projects
Discussed Here

2012 14 16 18 20 LSS 30

COMPASS >
(DIS, polarised I N ¢

hadrons)

[Approved]

JlLab-12 7
(DIS) [Proposed]
RHIC ?

(polarised pp)

EIC ? ?
]
(DIS)

LHeC ]
(DIS)

We cannot afford so much uncertainty about the
future when we meet again in 2018!

28



LHC heavy-ion running

Phase 0: 2010-2013
- 0.15 nb™! Pb-Pb at Vs,=2.76 TeV
i.e. twice the design luminosity (at 50% design energy)!
- reference pp data at Vs=2.76 TeV

Major results by ALICE, ATLAS, CMS:
- Jets and jet quenching
- Electroweak probes

- Upsilon spectroscopy
- Charmonium suppression

- Heavy flavor R,,, v,

- Bulk properties
August 2012, Washington DC
http://qm2012.bnl.gov

Harald Appelshauser, ESPP Symposium, Cracow, September 10, 2012



LHC HI-highlights — quarkonia suppression

(:JBOO?III]IIII]]Illlllllllllllllllllllfé <<( 14_ ALICEPreliminary.Pb~Psz_W=2.76TeV.L,m=70ub‘
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Melting of weakly bound bottonium states indicating strong color screening in
the QGP

J/UP suppression pattern at LHC qualitatively different from RHIC: enhancement
via regeneration predicted as consequence of deconfinement and large
charm cross section

Harald Appelshauser, ESPP Symposium, Cracow, September 10, 2012 11



future opportunities at LHC

Jets

Y spectroscopy
Charmonia

Heavy Flavors

EM radiation

Exotica

- precision measurements:
v-let, b-Jet, Z-Jet, multi-Jet,
PID fragmentation functions,
TeV-scale jet quenching VIS

- 1s, 2s, 3s states, onset-behaviour

- low p; J/¥ over wide rapidity range, }°, X_

- comprehensive measurement of D, D, D,, A, B, A,;:

Baryon/Meson ratios down to low p;, Ry, V,

accurate normalization for quarkonia ALICE
- low mass dileptons

- anti- and hypernuclei
- enter 10 nb! regime

Harald Appelshauser, ESPP Symposium, Cracow, September 10, 2012
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LHC near future - phase 1

Phase 0: 2010-2013
- 0.15 nb™! Pb-Pb at Vs,=2.76 TeV
i.e. twice the design luminosity (at 50% design energy)!

- reference pp data at Vs=2.76 TeV
- 30 nb! p-Pb at Vsy,=5 TeV

2013-2014: LS1
- detector completion and upgrades (ALICE-TRD, - CAL, ATLAS-IBL,...)

Phase 1: 2015-2017
-1 nb Pb-Pb at Vsy,=5.5 TeV
- reference data pp, p-Pb

Harald Appelshauser, ESPP Symposium, Cracow, September 10, 2012

14



LHC upgrade — Phase 2

2017-2018: LS2
- significant detector upgrades
- LHC collimator upgrades

Phase 2: 2019-LS3 and beyond:
- aiming for luminosity increase to 6x10%’ cm-1s
— peak collision rate 50 kHz, average 20 kHz
= 0 (10) nb? Pb-Pb at Vsy,=5.5 TeV
- pp and p-Pb reference data
- more nuclei

Harald Appelshauser, ESPP Symposium, Cracow, September 10, 2012

19



Heavy-lon collisions at the LHC - conclusions

Conclusions of the Heavy-lon Town Meeting June 29 2012 at CERN:

http://indico.cern.ch/event/HItownmeeting

Contribution ID 55:
»1. The top priority for future quark matter research in Europe is the
full exploitation of the physics potential of colliding heavy ions in the LHC“

Priority endorsed by NUPECC:

Contribution ID 32:

,Support for R & D to complete a technical design report for the LHeC was also included among the
recommendations in the Long Range plan, but with lower priority. From the point of view of the Heavy lon
community, the LHec could thus be seen as an interesting option in the future, if the necessary critical mass of
people could be assembled. The recent proposal to use Point 2 (where the ALICE experiment is located) as the

interaction region for the LHeC is not supported, if installation were to start before 2025, because it is
incompatible with the top priority of the Long Range plan.”

Harald Appelshauser, ESPP Symposium, Cracow, September 10, 2012 25



High baryon densities
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Harald Appelshauser, ESPP Symposium, Cracow, September 10, 2012
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Heavy-lon facilities for high-p, studies

2077? P SIS-300 (FAIR) . -

planne
2019 [  SIS-100 (FAIR) B unning
2017 I NICA (JINR) B coseo

7015 [ Booster (JINR)

- Nuclotron-M (JINR)
] R

(BNL)
N SPS (CERN)

B ~cs Ny
Bl sis-18 (Gs))
| | T ] | [ T | —
2 4 6 8 20 40 60 80 Vsyy (GeV)
1 10 102 forAu-Au

Harald Appelshauser, ESPP Symposium, Cracow, September 10, 2012 30



Future facilities - NICA

Superconducting accelerator complex NICA
(Nuclotron based lon Collider fAcility)

Fixed target experiments Spin Physics
area (b.205) Detector (SPD)

Extracted beams from

Nuclotron

KRION-6T
and HiLac
(3.5 MeV/u)

S /
b7 P

G L i NG Booster (3-660 MeV/u) ' Multi-Purpose
SPP and

A |
¢ = inside Synchrophasotron Detector (MPD)

LU-20 4] é?
N I C A ° (5 MeV/u) ﬂ Nuclotron yoxe
° ~ 0,6-4,5 GeV/u
Cryogenics

e Based on existing Nuclotron at JINR/Dubna

* Heavy-lon collisions in fixed-target (2015) and collider (2017)
mode (Vsy,= 4-11 AGeV)

- Competitive high luminosity collider at the low energy end

Harald Appelshauser, ESPP Symposium, Cracow, September 10, 2012
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Future facilities - FAIR

Compressed-Baryonic-Matter Experiment (CBM)
at FAIR/GSI Darmstadt

2019: SIS100 (Vs = 2-4.5 AGeV)
20??: SIS300 (Vs,, = 4.2-9 AGeV)

* Fixed-target heavy-ion collisions
at unprecedented rates
(up to 10° ions/s)

e Study of rare probes (EM and
charm) at highest baryon densities

Harald Appelshauser, ESPP Symposium, Cracow, September 10, 2012 32



SPS fixed-target: NA61/SHINE

2019 2018 2017

and Its possible extension
Po+Pb| ] IR i BB 2016
Xe+La 2015 * systematic scan of system sizes
and collision energies to locate
Arrea 2014 the critical point
Be+Be B B B 20112012
P+Pb 201214 e possible extension beyond 2016

evp | I I B B B e011  for high-statistics Pb-Pb running
and charm measurement

Beamenergy 13 20 30 40 80 160 (upgrade FEC]UiFEd)

Vs,(Pb-Pb) 5.2 6.4 7.7 8.8 12.4 17.4

Harald Appelshauser, ESPP Symposium, Cracow, September 10, 2012 33



Future activities at the SPS

Proposal for NA60-like dimuon spectrometers to measure low-
mass dileptons and charm at E___ =20 — 160 AGeV

(Vsyy= 6-17 AGeV):

e complementary to NA61: leptons vs hadrons
* high physics potential: onset of deconfinement and critical point
e competitive with RHIC: high luminosity

=150 cm
“ Thoroida! magnet R
beam ol g

Harald Appelshauser, ESPP Symposium, Cracow, September 10, 2012 34



New facilities and fixed-target - conclusions

Conclusions of the Heavy-lon Town Meeting:

»2. At lower center of mass energies where the highest baryon densities are reached,
advances in accelerator and detector technologies provide opportunities for a new

generation of precision measurements that address central questions about the QCD
phase diagram”

,The town meeting also observed that the CERN SPS would be well-positioned to
contribute decisevely and at a competetive time scale to central open physics
issues at large baryon density. In particular, the CERN SPS will remain also in the
future the only machine capable of delivering heavy-ion beams with energies

exceeding 30 AGeV, and the potential of investigating rare probes at this machine
is very attractive.”

Harald Appelshauser, ESPP Symposium, Cracow, September 10, 2012 35



Discussion m@

 QCD

— Need to continue fixed target program at CERN

e COMPASS, NA61 and possible new experiments at SPS
 AFTER @ LHC

— Saturation effects are probe dependent
* One should study them in all configurations: ep, pp and Hl
— Lattice calculations continue to improve in precision
* Need to be verified experimentally

12 pazdziernika 2012 A.F.Zarnecki 18




Discussion w-'@

e LHeC

— Clear physics case, but one should also consider what
can be done at LHC (with HL and possible detector upgrades).

— No statement from LHC on the need for concurrent
running.

— Possible conflict with LHC running / ALICE

e Installation within ~1 year shutdown too optimistic
 HL running with HI planned — LHeC only after 2025

— Work on TDR not yet completed

* Any decision not before LHC 14TeV results, next strategy
update?

12 pazdziernika 2012 A.F.Zarnecki 19




Discussion w-'@

e LHeC

— Is it complementary with US projects (EIC)?
* No option for spin-spin scattering

— New detector needed, but not many people involved
so far.

o Difficult to attract people from LHC experiments.

— Liniac considered for LHeC could first run as
vy collider (resonant Higgs production)

 Energy recovery not possible

12 pazdziernika 2012 A.F.Zarnecki 20




Discussion w-'@

 Heavy lons

— Why not consider going beyond 10nb-' at LHC?
* Accelerator and detector limitations
— B physics in HI collisions - challenging
 detector upgrades and high luminosity required
— Higher priority should be given to HI physics at SPS

* Interesting physics case in this domain
e otherwise community will move to RHIC

— Do we need experiments at 4 HI facilities?
« RHIC, SPS, NICA, FAIR

12 pazdziernika 2012 A.F.Zarnecki 21




Time line of particle physics program in Japan

2012 2015 2020 2025
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Energy Frontier — Strategy 11

What follows LHC on Energy Frontier?

What new facility will follow the LHC: Higgs factory, ILC (500 GeV), CLIC (>1 TeV),
Muon collider (>1 TeV), HE-LHC energy?

Science must be the guide! What will 14 TeV running at the LHC reveal?
» Too early to select a Higgs factory.
* Agency does not see the science justification at this moment to put U.S.
hosting or participation into future budgets.

* Intensity Frontier and LHC plans nearly saturate budget planning.
* Situation can change if science arguments emerge that are powerful enough.

U.S. is doing R&D on several of possible future accelerators.

* ILC technology is aligned with Project X. U.S. continues relevant SRF R&D program
even after the ILC funding cut off in 2012.

 If several TeV is needed ultimately, either CLIC or a Muon Collider will be needed.
Most U.S. effort is on studying the feasibility of the muon collider (MAP program).
Both are formidable enterprises.

 If the basis for lepton colliders is not established by the LHC, a natural extension will
be the “energy doubler” for LHC, HE-LHC. The U.S. program is carrying out the R&D

program on Nb;Sb in collaboration with CERN.
Lankford, Krakow, September 13, 2012 22



To conclude 1

e If we can do everything in everyplace at anytime, we
do not need strategy.

* We can do (almost) everything only if we exploit
fully the four dimensional space-time — strategy

* Scientific case 1s a crucial input for setting up the
strategy, however...

— Obviously there is not enough resources.
— Many non-scientific (political, social, economical, etc.) factors.

— But also importance for different scientific cases are neither
uniquely nor objectively defined: different scientific tastes.

e As nature shows, difference 1s also strength: but we
need compromises, concessions, patience, and
determination to reach a strategy!

T. Nakada (Introduction) @ ‘ E,f,op_ean@ Open Symposium, Cracow, Poland, September 10-12,2012 16



To conclude 11

 New facilities are getting long term and expensive
projects: consequence of failing is BIG!

becoming too conservative?

T. Nakada (Introduction) @/ ‘ Futone.an@ Open Symposium, Cracow, Poland, September 10-12, 2012

17



(Some) Questions for Discussion from
Klaus Desch’s talk

(Remember: “Physics First”)

1. What is the physics case for upgrades or new machines
If LHC provides a null result?

2. Clear statements (ECFA, ACFA, HEPAP, ICFA, GSF,...) in 2001-2004
that a Linear Collider of up to at least 500 GeV, upgradeable to
1 TeV, should be the next major project and requires timely realization.
Has the physics case changed since then?

3. Is there a clear physics case for multi-TeV lepton colliders now?
At which energy?

4. What is the physics case for SLHC/DLHC? Which priority?

5. Muon Collider: any physics reason to discuss it (already) now?

The High Energy Frontier, Rolf Heuer, Orsay, 02/06 4



Conclusions

 New results should have helped defining strategy, but

— Physics scenario still not clear
— Physics case still not convincing (1?)

— Other constraints enter due to limited resources

* Financial

 Manpower

» Expertise

o Space-time (eg. at CERN)

« Symposium did not end with any firm conclusions
— Input from community reviewed
— Key questions identified

— Preparatory Group and invited experts will work on preparing
a consistent picture for Strategy Group (Briefing Book).

5
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