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Inquadriamo il talk...

0 Una rapida carrellata dei principali risultati prodotti a
LHC nel primo periodo di run

0 Cosa succede dopo il primo stop della macchina a
partire dal 2015 (nel 2013 e 2014 non ci sono run di

fisica)

0 Cosa succede dopo il secondo stop della macchina (e
siamo gia vicini al 2020)

0 Quali sono le linee di pensiero sul prossimo decennio

e la fisica post-LHC
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I't has been a long run...

Data included from 2010-03-30 11:21 to 2012-12-03 03:58 UTC
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0 CMS has been improving steadily

o Typical operations report
e Fill 3363: (1374 bunches)
e peak lumi: 7.0x1033
e Delivered: 162.1 pb!
e Recorded: 157.2 pb-!
e efficiency by lumi: 96.93%
e efficiency by time: 98.46%
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Higgs Highlights: ZZ

0 4.50 (5.00) observed (expected) significance in the ZZ(4l) channel alone
o Mass in the ZZ(4l) channel alone: 126.2 £ 0.6 + 0.2 GeV (helped by in situ

Z(4l) measurement)

CMS preliminary Ns=7 TeV, L =51

thiVs=8Tev, L=1221"

CMS preliminary (=7 TeV,L=51M" ys=8TeV,L=1221"

25 —T l T T ] I T ] T T T T T T ] ] T T T —f- g T l TTrorT I TrorirT I | B l TTrnorT l L | ] TrIrriT | A Ié

g ~ ! ! e Data . g - <
i . ® - 110

" i [ z+x 1 > 10'F =

-~ - — Q - .
“g 20 i D z,ro' zZ —_— = 20

S - ~ 8 107 E

> - =126 GeV : -

o - L o - .
1 5 [ = 10_3 - | 3o

i ] - — Observed ) 3

i 1 - -- Expected J -

10 . 10t PN
i | n : 1

: 10°F : : C

°r : '= 5 i

_ 1 10° ‘: : E
L1 : : H . : 50

0 10-7 | | I | I . I 11 ll‘l l | - I | - I I | l:l | - I | .

80 100 120 140 160 180 10 120 130 140 150 160 170 180

m,, (GeV) m, [GeV]

/7

I'N = N lstituto Nazional |
(0N e o Perugia 15.01.2013

Attilio Santocchia



Higgs Highlights: Combination

Significance: 6.90 (7.80) observed (expected)

Mass: 125.8 + 0.4 + 0.4 GeV

So far, it all looks pretty consistent with the SM Higgs

CMS Preliminary {s=7TeV,L=5.1fb" ys=8TeV,L=12.21fb"
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What 1s 1t 7 serressors

* Does it have spin 0 or 2?
— Spin 2 seems unlikely, but needs experimental checks

* Is it scalar or pseudoscalar?
— Pseudoscalar disfavoured by experiment

* Is it elementary or composite?
— No significant deviations from Standard Model
* Does it couple to particle masses?
— Some prima facie evidence that it does
* Quantum (loop) corrections?
— vy coupling > Standard Model?
* What are its self-couplings? Wait for HL-LHC ...?
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MSUGRA/CMSSM: tanf = 10, A0= 0, u>0

; - T T ] T T+~ bl\ I |7>I. __I‘il‘ I \‘T. T T T [ T T T T | I\. T T T | : T T T B
8 = ATLAS Preliminary-— |\ Ldt=58f5", ys=8 TeV. =
= 750 = \ \ \ Yy — S — T
o = BN " 0-lgpton combined i =
E - \ ' : : -
700 L "'“\*:\»:5'\'.“ %0 Gev) _\.\ | Observed limit (+10,.07) 3
650 — \ -——- Expected limit (+15,,,) -
600 = ( \ [ | Observed limit (4.7 b, 7 TeV) ]|
= § (1400 Ge ]
E — 2% '\.» - Non-convergent RGE i
550 £ . [ Noew-sB =
500 :_ BN . '-...\,,,,.a(mr)o GeV) ) ‘\\ —
- "'-._..\\ U U S wttt g
450 & N, =
400 :_ .................................
350 BRGNS, S
300
500 1000 1500 2000 2500 3000 3500
m, [GeV]

CMSSM / MSUGRA interpretation
e Limits from 2011 extended ~ 50 GeV in my o

e

http://cern.ch/Martin.Weber 6th annual Workshop “Physics at the Terascale” 11
Memo:
PN CMSSM: constrained Minimal SuperSymmetric Model
INEN Istituto Nazionale Per'ugia 15.01.2013 MSUGRA: minimal SUper GRAvity
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N CMS Prellmlnary L ‘_4.98 f'1, ” : TeV.-

) tan(p)=10
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e CMSSM exclusion limits from CMS, ATLAS limits similar
e No signs for SUSY — Exclusion limits from previous experiments largely improved

http://cern.ch/Martin.Weber 6th annual Workshop “Physics at the Terascale”
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5,56 TS, e

Bs — 't~ doubly suppressed in Standard Model (FCNC, helicity suppressed)

e SM Prediction: B(Bs — u"u~) = (3.54 £0.30) x 10°°
Buras, Isidori: arXiv:1208.0934; De Bruy et al. arXiv:1204.1737

Standard Model diagrams:

G.Isidori, HCP 2012

Possible SUSY contributions:

S

G.lIsidori, HCP 2012 G.Isidori, HCP 2012

e Important if B ~ SM e Large effect at high tan3

http://cern.ch/Martin.Weber 6th annual Workshop “Physics at the Terascale”
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Predicted to be very rare in SM due to GIM &
' helicity suppression:

Precise predictions in SM:
* BR(B,2> up) =35+0210°
* BR(By>pu) =1.1+021010

“Golden channel” for New Physics effects
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First evidence for B, — pup (new physics could show up here)

8TeV data

[0.2 mm

d susY- 1
odels _ waa (2.1/fb) LHCb has

Cc | - _
nS“amef " -+ e first evidence of

" B,”>upndecayat~350

R(BO—pp) = (32715-19)x109] 8

.- in agreement with SM.
1 “Background only” p value ~ 5 10

Also best limiton B, =2 pn

1 | BB —u*u) <9.4x101° at 95% CL I
— 1 "‘"i : 3 \..I

N

eeeeeeeeeeeeeeee

Attilio Santocchia 11



arXiv:1204.4199

Fittino: LHC, m =126GeV

. - 15 Environment
e Estimate CMSSM parameters B 2- Ervronment SPRING 2073
from measurements

Best Fit Value

e Quantify compatibility
with CMSSM

Input sets of observables to CMSSM fits

=y
[=]
[=]
o

e |ndirect constraints:
B(b — sv), B(B — uu),
B(B — Tv), Amg,,

_ aexp __ ,SM
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Astrophysical observations:
Qcpmh?, XENON, e Multi-TeV §, §, most sparticles > 1 TeV

v-rays from dwarf galaxies Input measurements x2/ndf

Collider results: _ low energy +astrophysics (LEO) 10.3/8
LHC SUSY & Higgs & Bs — uu, LEO+SUSY limits 13.1/9

LEO+SUSY+M(Boson)=126 18.4/9

Tue 17:15 X. Prudent e Bad overall compatibility when Higgs is included!

http://cern.ch/Martin.Weber 6th annual Workshop “Physics at the Terascale”

Memo:

LEO: Low Energy Observables
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General Meeting January 2013

European Organization for Nuclear Research
Organisation européenne pour la recherche nucléaire

R.-D. Heuer
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The highlight of a remarkable year 2012

In praise of charter schools
ThE' Britain"s banking scandal spreads

E COoOnom i S t Volkswagen overtakes the rest

A power struggle at the Vatican

When Lonesome George met Nora

‘A giant leap for
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European Organization for Nuclear Research
Organisation européenne pour la recherche nucléaire
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Performance
Measurements
M Searches

ATLAS

0

Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct
Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov

223 articles on collision data (~ 2.5/week recently)
434 Conference notes

from LHC

Showall Total OCD Supsraymmolry | B Physlos  Elscirowsak

Top Physios  Heavylon  Higge Bayond the SM: B2G

108 papers published
200 papers out for physics
1 with collisions data

w{ + 25 papers ‘submitting’ imminently
+ 70 being readied. .
Then we start the full dataset pape

1 I CcMS
y +26 Detector
“ performance and

Cosmics papers

Total number of (exp) EP preprints: 375 (LHC 352)

CE/RW European Organization for Nuclear Research
N, Organisation européenne pour la recherche nucléaire

\\
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The near future

Jan/Feb: LHC run for 4 weeks with p-Pb collisions

Shutdown 2013/14 for the whole accelerator complex (LS1)
LS1 was started as the project for the repair of the magnet
interconnects to allow operating LHC at 14 TeV cms.

It has now turned into a programme involving all the groups owning
equipment in the accelerator complex, the experiments and

the infrastructure systems. The number of people, the volume of

the activities involved in the latter is by far higher than for the

magnets and circuits project.

Some examples of the activities during LS1,
emphasis on the accelerator complex -

CE/RW European Organization for Nuclear Research

Organisation européenne pour la recherche nucléaire

(N e e Perugia 15.01.2013 Afttilio Santocchia 17
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Main activities in LHC

The main key drivers are:

Superconducting Magnets And Circuits Consolidation
(SMACC)

Interconnections consolidation

- Total magnet to magnet interconnects in the LHC: 1 695 (10’170 high current splices)
- Number of splices to be redone: ~1°000 - 1’500 (~ 10-15%)

- Number of shunts to be applied: > 27 000 (100% of interconnections)

v Consolidated dipole magnets bus splice

LHC Long Shutdown 1 (LS1) Planning and Activities

F. Bordry
13th December 2012

di Fisica Nucleare

Sezione di Perugia
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Main activities in Experiments

1818 TRD o
18/18 TOF ] |
12112 EMCAL / p @\
o % ALICE: ATLAS:

Completion of Smaller beam pipe
TRD,DCAL,PHOS New inner pixel layer (IBL)

Additional muon chambers

ALICEdeCd’OI‘ ﬂﬂ'tl‘ LSI IBL mounted on he;m-pipe
Infrastructure consolidation for all experiments

CMS:

Smaller beam pipe

4t Endcap muon station ‘.
New HCAL photodetectors e el
New DAQ

UX85/2 UX8S/3 gl
; i v

{ 4

LHCb :
Lighter beam pipe
Dipole Magnet improvement

-
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Data written to tape,
H Grid CPU Workloads
01/01/2012 to 31/12/2012 (in GB) 1000 AT
5000000 - m ALICE AMS W ATLAS CMS COMPASS — ~ 250000 CPU cores in use at
4500000 — 800 any point in time!
4000000 W LHCB mNA48 mNA61 B NTOF M USER _

3500000 8§ 2013-2014:

3000000
2500000 Data to be reprocessed

2000000 . . L
500000 Simulationfor higher Energy

1000000 Analysis continuing
500000

Running jobs: 246791

Transfer rate: 13.98 GiB/sec TB total Written

100000

socco CERN Tape Archive _ ,
80000 Regching 100 PB !

70000
...to be repacked on new media

Activity on 1 January 2013 3, 40000

30000

Running Jobs: 246791 20000
Transfer rate: ~14 GiB/s 10009

Worldwide LHC Computing Grid

Jul-31-2009

Oct-23-2009

Jan-15-2010
Apr-9-2010

Jul-2-2010

Nov-21-2008
Feb-13-2009
May-8-2009
Sep-24-2010
Dec-17-2010
Mar-11-2011
Jun-3-2011
Aug-26-2011
Nov-18-2011
Feb-10-2012
May-4-2012
Jul-27-2012
Oct-19-2012

Jun-6-2008
Aug-29-2008

IN N stto Nazonale Perugia 15.01.2013 Attilio Santocchia 20
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Participation in all LC activities

LHeC conceptual design report early 2012

R&D for high-field magnets (towards HE-LHC)

Generic R&D (high-power SPL, Plasma Acc)

Participation in Neutrino-Projects studied

25

Memo:
SPL: low-power Superconducting Proton Linac
LHeC: Large Hadron-electron Collider

. . CLIC: Compact Linear Collider
CF ::‘(:;Qmaaﬁ Perugia 15.01.2013 HE-LHC: High Energy LHC (30TeV?) 2l




LHC
Upgrade and Outlook

How will the LHC look at 45 years old?
Jordan Nash — Imperial College London

J. Nash — Helmholtz Alliance Workshop  5/12/2012

I'N " N lstituto Nazionale
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Sezione di Perugia
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The LHC Timeline

2009 <> LHC startup, Vs = 900 GeV

2010

2011 \s=7~8 TeV, L=6x1033 cm?s°!, bunch spacing 50 ns

2012 ~20-25 b
2013

Go to design energy, nominal luminosity

LS

2014

2015

2016 \/5—13 14 TeV, L~1x10%** cm~s!, bunch spacing 25

2017 ~75-100 fb"
!

2018 . Injector and LHC Phase-1 upgrade to ultimate design luminosity

2019

2020 Vs=14 TeV, L~2x10% cm2 5!, bunch spacing 25 ns

2021 . ~350 fb-"

2022 HL-LHC Phase-2 upgrade, IR, crab cavities?

2023

20;}? \s=14 TeV, L=5x10% cm? !, luminosity leveling

~3000 fb*

CE/RW European Organization for Nuclear Research
\\

7 Organisation européenne pour la recherche nucléaire

Memo:

) HL-LHC: High Luminosity LHC (x5 LHC nominal Luminosity) = 3000 fb
(TN e oo Perugia 15.01.2013 AtTilio Sanfocchia 23
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Benchmarks: How well can we measure
the properties of this Boson?

» Some General assumptions in these estimates

The systematic errors will scale with (Luminosity)*(-1/2)
A challenge to the experimentalists

Many of the systematic uncertainties are “data driven” and should
improve with more data collected

The theoretical errors will reduce by a factor of 2
A challenge to the theorists
The statistical errors on the measurements will decrease

A challenge to the machine
A challenge to the experimentalists (high pile up)

8 J. Nash — Helmholtz Alliance Workshop 5/12/2012

=
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First guesses at how well properties can
be measured with high luminosity

CMS Projection’ ATLAS Preliminary (Simulation)

| T T I T T T T I T T T T | T T T T
Higos boson signal strength . ere e ] (s =14 TeV: [Ldt=300 b ; [Ldt=3000 fb”
o e nene [Ldt=300 fb" extrapolated from 7+8 TeV
H%uu LIS LN U B B
Hoyy
Hos 77 ttH,H—up
H— Ww : bt i VBFH-1t
Hott | —— : H— ZZ
H-bb | } : | VBF,H— WW
90 05 10 15 20 H— Ww
VH,H->yy
Some Caveats: ttH,H—>vy
*  These are preliminary studies VBFH-yy
Assumptions about scaling ... H—vy (+)
* These assume we are measuring a SM Hoyy
Higgs :
88 0 02 04 06 08
Au
n
» 10 J. Nash — Helmholtz Alliance Workshop 5/12/2012
/-) . ofe .
(TN e Yoo, Perugia 15.01.2013 Attilio Santocchia 25
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SUSY what if we find it- how well will we
explore the spectrum?

» HL-LHC statistics would be vital in
reaching understanding of
complicated SUSY channels

» Performance of the detector here is

vital Here we need a lot of Integrated Luminosity,

. but it needs to be high quality. Lower pile-up
» B-tagging is important.

» Lepton id

3000 T T T
Squark / gluino reach
Maintain
CMS
excellept MET 2500 B EMSS ot
__resolution t
7
s ,,’ . Maintain | @[5 =28.TeV; 100 P
'fZ__.".--'!--< excellent bb W00 E T, o0
D = — © mass resolution

.....

»¢ Maintain 1500 - e T e

. excellentlept ID | |5t TR
. »a N o
N ;I ‘b &g
Maintain Ag=0.tanp =10, u>0
exce_"ent “b 5000 5I0 10100 15100 2000
7777777777777777777777777777777 b S ST m GeV)
» 19 J. Nash — Helmholtz Alliance Workshop 5/12/2012
/-) K .
IN 7N stiuto Nazionale Perugia 15.01.2013 Attilio Santocchia 26
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g‘ Examples — expected reach for LHC

upgrades
EWKino
Stops/sbottoms B HE-LHC33
" HL-LHC14
Squarks/gluinos LHC14
Mass Reach, TeV 6
20 J. Nash — Helmholtz Alliance Workshop 5/12/2012
LI—N//? ::cg:tﬂm:lree Perugia 15.01.2013 Attilio Santocchia 27



HL-LHC Parameters

Parameters agreed on at the 2" HL-LHC Coordination Group
-maximum of 140 events per crossing

=2 L=510%cm?sec’! for 25ns
= L=2.5103cm?sec! for 50ns

Pile-up density leveling
=>» Leveling options?

-goal for integrated annual luminosity:
= 250 tb'! per year

-Total luminosity for HL-LHC project
= 3000 fb! total

2nd HL-LHC General Meeting 13-14 November 2012 Oliver Briining BE-ABP CERN
27 J. Nash — Helmholiz.Alliance \AWarkeshaon 85/42/2012
Memo:
LUMI Leveling: is performed by moving the proton beams relative to
) each other to modify the area available for interactions

U’/" Isttuto Nazionale Perugia 15.01.2013 ATTIITO Sarnroccna 28

eeeeeeeeeeeeeeee



Final goal : 3000 fb-! by 2030’s...

L[10°** cm?s!]

integrated
L [fb']

> Eﬂat top 3/fb per day

* decay | 60% of efficiency
o |

z a

turn-
arounq

10 15 20 25 30 t[h]

# LHC IntL (fbA-1)  MHL-LHC IntL (fbA-1)
3500
2000 "l HL-LHC
o
2500 mm
o
2000 - o
1500 t . .
T o
o0 | . R Consolidation only
Tooe?

500 ”.,000'

000 et®

2010 2015 2020 2025 2030 2035

29

J. Nash — Helmholtz Alliance Workshop 5/12/2012

)
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The power of our
reconstruction this
year is extraordinary!

L1 Table

Event with 78 reconstructed vertices and 2 muons..

The inner tracking layers are crucial

Recorded Luminosity (pb '/0.04)

= - N N w w
[=] [ [=] 5] o [

«

oo

CMS Average Pileup, pp, 2012, Vs = 8 TeV

% 40 20 20 )
Mean number of interactions per crossing

33 J. Nash — Helmholtz Alliance Workshop 5/12/2012

N
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Time needed for Phase II R&D

» There were about |10 years of R&D for the initial build of
LHC detectors

» Followed by
2 years proto-typing
5 years production-install-commission
» To get a new big detector ready by 2022 the timescale of
2014 for a Technical Proposal just fits.

The detectors for phase Il are the same scale as major sub-
detectors were for the LHC, and technically more complex

» We will need to ensure we are doing enough focused
R&D to be ready to make designs and decisions.

48 J. Nash — Helmholtz Alliance Workshop 5/12/2012

Perugia 15.01.2013 Attilio Santocchia
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Terascale A[Iiance, Dec 4, 2012
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R.-D. Heuer, CERN
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E In conclusion....

T

Approved LHC 300 fb-1 at 14 TeV: HL-LHC 3000 fb-1 at 14 TeV:

® Higgs mass at 100 MeV Higgs mass at 50 MeV

®  Disentangle Spin 0 vs Spin 2 and

main CP component in ZZ* © More precise studies of Higgs CP
= Coupling rel. precision/Exper. sector
" Z,Whbr 10-15%

Couplings rel. precision/Exper.

=t 3-2 o observation Z,W,b,t,t,u 2-10%

. -11%
vr andgg > vy and gg 2-5%

HOHH >3 o observation (2 Exper.)

Assuming sizeable reduction of theory
errors

F.Cerutti - Higgs Factory

/)
(NEN it e Perugia 15.01.2013 Attilio Santocchia 33
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B8 (@0 (50

tudies on a new

First s
42 TeV  with 8.3 T using present LHC dipoles
80 TeV with16 T based on Nb3Sn dipoles
100 TeV  with 20 T based on HTS dipoles

John Osbaorne (CERM), Carcline Waaijer {CERN)

it 00glel
ey Tp e 3 5

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

)
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Ma ci sono altre opzioni in vista...

=
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LHC ON... ““{/ARCH™
International Workshop. Nevember 20-
S/ 22, 2012

IHEP, Protvino, Russia
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LEP3
Question #1 : Precision Needed

HHHHHH

* Couplings: a Higgs with a mass of 125GeV decays in the most diverse fashion
* Many channels are open — most couplings can be measured from decays
* Large theoretical uncertainties (2 - 6%, mostly QCD) that need to be improved

- EH=125 GeV
_% 1 7_I | T T Ibsl T T T I T T T _:E
:_———.\ :N
o - _§ Decay BR [%)] Unc. [%]
S L
— = i
gt 12 bb 57.9 3.
P 2
+ 41l T — T 6.4 6.
%10 E
o . cc 2.8 12.
2 | b 0.022 6.
102 . ww 21.6 4,
1 fe]e] 8.2 10.
7% . 2z 2.6 4.
10.3.‘../‘.@.‘ N vy 0.27 5.
100 120 140 160 180 200
M, [GeV] Zy 0.16 9.
. H [MeV 4.0 4.
e Are the effects of new physics measurable ? (MeV]
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LEP3
Higgs factories

HHHHHH

e ...s0 we need another, complementary, machine

This could be a

— Muon collider

— vy collider

— e*e collider

If it is an e*e collider, it can be a linear or circular one

If it is a circular e*e collider,it can fit in the LHC

tunnel (LEP3) or be installed in a new, larger tunnel
(TLEP — 80 km)

) See prof. Valery Telnov’s talk

=
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The LEP3 option : Where? .,

* The obvious choice: in the LHC tunnel, too

— LEP2 parameters were not that far from what we want

— The cost would be minimized, by re-using

* The tunnel Save 1 GS
* The cooling infrastructure Save 1 GS
* Two multi-purpose detectors (CMS/ATLAS) Save 1 GS

Also saves significant amount of time for construction

Integration in the tunnel : less difficult than LHeC (no concurrent operation needed)

: Space
reserved for
future e’e”
machine

H
] Nar Filling ONE5(7 )
& s L7 )

| éf ::ZE"L.Z@“%? After the 13 TeV programme
| (with or without HL-LHC run,
‘%i choice depends on physics in 2022)

Before the 33 TeV programme
(Should HE-LHC be chosen as our

LHC upgrade, cannot start before
2035 to have magnets ready)

e
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LEP3

The bigger picture

HHHHHH

* Does it make sense to invest in a machine like
LEP3?
— Depends primarily on the physics outcome of the LHC
running at 13TeV (so we will not know before 2017)

— If at 2017 the priority would be to measure the Higgs
properties, then:

* LEP3 can do it more economically than the ILC
* LEP3 can do it better than HL-LHC

 LEP3 remains a good idea that should be
investigated further
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Conclusion

+*» A Higgs factory is needed for precision measurement of the Higgs
properties. Most probable candidates:

Linear e+e- Collider (2E=240-350 GeV)

Ring e+e- Collider (2E=240-350 GeV, depending on R)
Muon collider (2E=126 GeV)

vy collider, only as add-on to e+e-.

¢ The choice depends on LHC discoveries:

If new physics (like SUSY, etc) exists in 200-1000 GeV region, then ILC or
CLIC.

If new physics exist in 1000-3000 GeV region, then CLIC.

If nothing, except H, is found, then a low energy e+e- Higgs factory, ring or
LC. Ring Higgs factory with large R looks very attractive.

% Muon collider is always welcome (as potentially a highest energy coIIider)75
Nov. 21, 2012, LHC on March, Protvino Valery Telnov
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Large Projects (1)

 If a new particle such as a Higgs boson with a
ma.ss below around 1TeV is confirmed at LHC,

Japan should take the leadership in early

realization of 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 at
LHC and upgraded LHC. If the energy scale of
new particles/physics is higher, accelerator
Ré&D to realize the necessary collision energy
should be reinforced.

/7
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1. Quark Flavor Project

KEKB upgrade to SuperKEKB

Luminosity upgrade projection

70,

60— ;
. E Milestone of SuperKEKB
& 50f
2 40; 9 monthiyear We will reach 50 ab!
E~ " 20daysmonth in 2020~2021.
S8 30
28~ £
g5 20—
2 o
£ 10

35 OF ] —
wa Bf Commissioning starts
é_,".\ 61— mid of 2014
_.EN; 4_ Shutdown
= 1 for upgrade
& ot | . I 1 L
010 2012 2014 2016 2018 2020 2022
Year
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- .
2. Lepton Flavor Project
T2K Experiment |ong-Baseline Neutrino Experiment
=Y=PARC Main Ring
Normal hierarchy E
10 electron neutrino . ® ‘ i
candidates are ~rovsgn | L7 3
detected [ Osc.v, CC 3 —— Bestfit to T2K data ]
] [ vy#¥, CC . dil 68% CL E
Expected BG (0,5,=0) is 5 Cwice : = 90% CL. ]
estimated to be B (MC w/ 5i’26,,~0.1)
2.73+0.37 evts - e
1 nverted hierarc y:
Probability to observe £ e 20
>=10 evts w/ 0,5,=0is 17 s 20,210
0.08% (3.20) > | :
— Cf.0.7% (2.50) in _ nf sEani
2011 1000 2000 3000 1% | vl " ¢ ["I""'
Reconstructed v energy (MeV) 3 : or 02 03 04 05
HEIAN, T S S T sin’20
/) . ofe .
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2

o 3. Energy Frontier Project
ILC Proposal from Japan Why ILC in Japan ? : 2
In 2008
1. WhylILCinJapan?:1
Birthl—‘:\jctalstrion A:Il:irte:;rl)}:;-'o;:e japan POIicy CounCil
ermiverse Second Recommendations:
Lotonchagmsiy . 1ocm s Berond standardPhyic Regional Development through
Powertparade _// AeT= TR superie Creation of Global Country
inside Japan P
et
/ ‘;’ oS Realizing a global city that can attract
/auestfor Neutrinos. V1 : O . | human and financial resources from
/ 7 ] ki - P/ around the world: Regional development
/ i . Zﬁ;& 2 triggered by the International Linear
% H.iggsPaniclé[OriginofM;ss] -+ , Collider (lLC) ____—"
£r_______-
Realizing an international organization for
the International Linear Collider (ILC), to
push towards reforming regional cities as a
role model for the creation of a global
country.
N
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ILC Physics

— Beginning of new era of particle physics
 Is it the Standard Model Higgs?
* Where is the dark matter?
* Is there really new physics at Terascale?

« ILC Higgs

— Generate ~10K Higgs (can be tagged!) ILC: Simple and clean initial&final states
* 5o sensitivity in ~ 1 day (LHC : ~1 year) Specify Initial-state 4-momentum
— Higgs Brs to a few % (LHC : a few 10s %) & beam polarization : control
¢ e.g. H— cc (LHC : cannot) intermediate state
— I to 5% (challenging at LHC) (e.g. eg turns of WE&AP)
— CP to 3~4% (mix coeff)
e T0C top Higes conplings (LC)
— my(msbar) to 100 MeV (LHC: ~ 1 GeV) - ‘ ;
— Anomalous ttZ, tbW, ttg coupl (LHC: hint of ttg only)

T

L sin(a — f) —#——4-—
* ILC new physics ~bd sina) cosp :
— Composite Higgs scale to 45 TeV (LHC: ~7 TeV) cTwc 1 b t W Z HJ
— Anomalous WWYV coupl (x10 better than LHC) ' ' ' ' '
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ILC Possible Timeline

CcY 2010 2011 2012 2013 2014 2015 2016 2017 2018
Baseline established lechnical Deslgn Report complete
TDR reviews P il
ILC Technical design & R&D program Site EOI sl Slte/host establlshed ‘\'
——— A
| e e s -
Cost Eptimating SRF Isystem tests

Project Implementafion Plan compIeI Ia |

Int. Gov. Structure

Project Approval
Site Decision

Project Proposal

Linear Collider Board

Site Assesement ILC Pre-Lab

Designing Structure of ILC Lab.

GDE/RD

Site dependentdesign

2012 | J\

Transition Period Facility ' Period
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CERN ’ \

European Strategy,
for Particle Physics

European Strategy for Particle Physics
Update Process Status

https://europeanstrategygroup.web.cern.ch/EuropeanStrategyGroup/

ESG meeting

CERN, Geneva, 11 December 2012

T. Nakada

EPFL-LPHE
Lausanne, Switzerland

Scientific Secretary for Strategy Session of CERN Councﬂ
Chair of Strategy Group and Preparatory Group

@ EV"@)
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Some issues from Briefing Book
* Introduction
— Major scientific changes since 2006

* Experience in LHC operation, both by the machine and
experiments in p-p, Pb-Pb, p-Pb collisions

* Discovery of Higgs like particle

* Compelling sign of physics beyond the Standard Model neither
from the direct search at high energy nor precision experiments
so far

* Third angle, 05, in the neutrino mixing found to be #0

—[Major items where decisions are required (in random order)]
* LHC upgrade for 0.3 — 1 or 3 ab™!
* Short and long baseline neutrino facilities and experiments

* Toward ILC under discussion in Japan

* Needs for preparing for the decision process of the next large
machine in Europe

T. Nakada (European Strategy) @

E'fteeeﬂan‘@ CERN SPC meeting, Geneva, December 10-11,2012 3
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Some 1ssues from Briefing Book
* High Energy Frontier (I)

— ATLAS and CMS achievement
* Standard Model Physics: QCD, top, W, and Z
* Higgs studies: production and decays
* Search for particles beyond the Standard Model

— ATLAS and CMS prospects for short (JLdt = 0.3 ab™!) and
longer term (1 to 3 ab™)

* Higgs studies and New Physics search
— Achieving higher energies with 16 to 20 T dipoles
e with the LHC tunnel: 26 to 33 TeV (HE-LHC)
* New 80 Km circumference tunnel: 42 to 100 TeV (VHELHC)

T. Nakada (European Strategy) @ gu@}?%g@ CERN SPC meeting, Geneva, December 10-11,2012 4
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Some 1ssues from Briefing Book
* High Energy Frontier (II)
— e*e” colliders
* Higgs studies at Vs =250 GeV (e*e—HZ)

* Higgs studies at much higher energies (e*te"—Htt, HHZ,
HHvv, ...)

* Trilinear and quartic gauge coupling
* Top physics (mass in particular)
* Search for weakly coupling SUSY particles

[ * [inear colliders versus circular colliders }

— at lower energies, L .;..yjar > L jincar
—/s: circular limited to 350 GeV, linear > 500 GeV
— many machines built for circular, only one for linear

— paper/software studies for circular, TDR/CDR stages for linear
— expandability: circular TLEP— VHELHC, linear 250—500—7?
— vy collider: 2x125 GeV e™ + laser, limited to yy—H

T. Nakada (European Strategy) @ ‘ Eutoye‘am@ CERN SPC meeting, Geneva, December 10-11,2012 5
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Some 1ssues from Briefing Book
* High Energy Frontier (IV)

— CDR for LHeC

* LHC p/ion, + 60 GeV e from re-circulating lineac,
Lyyger (€7p) = 10 cms™!
running together with LHC from > 2025

* PDF of p for the LHC relevant range

* search for new particles (e.g. leptoquark)

— Muon collider
* multi TeV lepton collider with a “reasonable” size
* neutrino factory as a possible intermediate stage

T. Nakada (European Strategy) @ gplogg?njs4.ta§?y)‘ CERN SPC meeting, Geneva, Decen

Memo:
A CDR: Conceptual Design Report
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Some 1ssues from Briefing Book
* Flavour and Precision Physics (I)

— Look for Physics Beyond the Standard Model for quark and
leptons via
e Qualitative studies

— search for forbidden processes in the SM, e.g. lepton number
violation decays

— search for processes at a well above the rate predicted by SM,
e.g. neutron dipole moment

e Quantitative studies

— measure the SM parameters with an extremely high precision and
look for a deviation, e.g. w(g—2)

e Global studies

— to measure same quantities with a good precision but in many
different ways and test a consistency, e.g. CKM parameter studies

— Potentially sensitive to energy scales much higher then direct
searches.

T. Nakada (European Strategy) @ F\,@P.e?n@ CERN SPC meeting, Geneva, December 10-11,2012 8
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Some 1ssues from Briefing Book
* Flavour and Precision Physics (II)

— Done at different energies with different facilities for
* With existing facilities, e.g. LHC
* With dedicated facilities, e.g. (Super) B factories
* With high intensity beams at high energies, e.g. NA62
* With high intensity beams at low energies, e.g. MEG
— Results on B, and D from LHCb do not show any compelling
evidence for new physics.

— Future requirements are (usually); clean measurements with
high intensities— accelerator and beam lines, detector and
clever 1deas

— Interesting measurements can still be done with small to
medium size investments — effort at national laboratories are
also possible and on going

E Strat
o PR Py %y) Memo:

SuperB: sKEKB + Belle Il in Japan = Lumi istantanea 50x KEKB

T. Nakada (European Strategy) @

) NAG62: decadimento rari del K al CERN = c’é Perugia!
L’_N/ N stituto Nazionale Perugia 15.01.2013 MEG: esperimento per la ricerca del decadimento u->ey al PS in Svizzera
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Strategy Statements

* Scientific Issues
— 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 focused 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.
—LHC is running now and the base programme is up to ~300
fb~1. Do we have scientific justification already now to
upgrade machine and experiments for 1 to 3 ab™1?

T. Nakada (European Strategy) CERN :E‘urgpeﬁn@ Special SPC, Geneva, November 26,2012 17
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Strategy Statements

e Scientific Issues (continue)

— 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.

—[LHC results at ~13 TeV needed for the decision on the next
large accelerator in Europe.

T. Nakada (European Strategy) @ Eu,jopg?nga&e}) Special SPC, Geneva, November 26,2012 18
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Strategy Statements

e Scientific Issues (continue)

— It 1s 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.

—Japanese HEP community sees a window of opportunity for
the next couple of years to host ILC. What 1s the European
position toward this 1nitiative? Is this an opportunity for a
new worldwide facility, complementing a possible future
machine at CERN without jeopardizing it?

T. Nakada (European Strategy) @ Eu,ﬁopeﬁ?njsﬂ,taggg)‘ Special SPC, Geneva, November 26,2012 19
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Strategy Statements

e Scientific Issues (continue)

— Flavour physics and precision measurements at the high-
luminosity frontier at lower energies complement our
understanding of particle physics and allow for a more
accurate interpretation of the results at the high-energy
frontier; these should be led by national or regional
collaborations, and the participation of European
laboratories and institutes should be promoted.

—Need to be more explicit? e.g. exploitation of existing
facilities, smaller scale experiments in lepton flavour
violation, any new facilities required?

T. Nakada (European Strategy) @ Eu,ﬁqpeﬁ?njsﬂ,taggg)‘ Special SPC, Geneva, November 26,2012 22
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Strategy Statements

* Complementary Issues (continue)

— Technology developed for nuclear and particle physics
research has made and is making a lasting impact on society
in areas such as material sciences and biology (e.g.
synchrotron radiation facilities), communication and
information technology (e.g. the web and grid computing),
health (e.g. the PET scanner and hadron therapy facilities); fo
further promote the impact of the spin-offs of particle
physics research, the relevant technology transfer
representatives at CERN and in Member states should
create a technology transfer forum to analyse the keys to the
success in technology transfer projects in general, make
proposals for improving its effectiveness, promoting
knowledge transfer through mobility of scientists and
engineers between industry and research.

—No real change needed.

T. Nakada (European Strategy) (L\E\RNZé European @ Special SPC, Geneva, November 26,2012 30
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Conclusioni
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