Francois Le Diberder

Physics at Future Colliders




Let’s start with

Physics at actual Collider




Is a Quantum Mechanics Frozen Pizza

Proton in the LHC at 4 TeV/beam
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When two pizzas touch : they-interact (violently) .
the total cross-section is close to the geometrical cross-section
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“Typical” hadron collider event
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V's=7TeV,L<5.1fb" \s=8TeV,L=19.6fb’

Combined CMS Preliminary m,=125.7 GeV
u=0.80+0.14 pSM =0.65

H— bb
u=1.15+0.62

H— 1t
w=1.10 = 0.41

Just entering a new world
with a potential for many
big surprises
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Already powerful enough to

constrain SM to be SM3 (!) Ii
— H — ‘ fitter
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ding blocks of SM



To mention just one of the many aspects of the SM riddle
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right-handed

left-handed
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k The same is true for matter-particles,
but they spin around twice slower.
they are referred to as Spin /2
¥ because of that (while the force-particles
are referred to as Spin 1).

But all of them do spin !

We know very well how to polarize electrons

polarized gun
with load lock

YAG-Ti
laser

circular
¥ polarizer

Mott electrostatic
polarimeter bend




left-handed 7 It can see only left-handed matter-particles !!!

=>The ability to use polarized beam is a key element.




But this is not the subject of the present lecture, let’s move on.

Physics at next Collider(s)




History tought us that the interplay between
p-p & e-e & e-p colliders is intrumental
in allowing progresses
in our understanding of Physics



The proton is not an elementary particle

The electron is an elementary particle,
but still, it is surrounded by photons

virtual colliders virtual colliders
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Top mass (GeV)

The top mass first inferred ‘

and then measured directly
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H. Murayama

Higgs boson

need to find everything
under the lamp post
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The dream-machine

Mature technology SU(2), Full SM reach



The dream-machine

Coolider  eecolider

flexibility Clean Luminosity

T

Mature technology SU(2), Full SM reach




The dream-machine

Coolider  eecolider

flexibility Clean Luminosity
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Mature technology SU(2), Full SM reach
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250 GeV is the entrance to Higgs world
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Higgs-strahlung Process:
2 2 2
Mi = (Vs — Ez)* — P;

g%ZH CXU:N/LC
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Invisible Higgs decays !




Two simultaneous thresholds : tt_ and HHZ
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[ i threshold - 1s mass 174 GeV
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6-jet + lepton cut flow

L=1ab", polarized beams

ttH ttg"->
cut\sample ttH (6J) (8J/4)) tt 174 ttbb
no cuts 282. ‘ 358. 980739. 2407. 1160.
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Decay mode ______[BR. [ #eventsin 1 ab-
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qgbbbb

vvbbbb
qqbbWW*->qqgbbqgqqq
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ZZZ, ZZH -> qgbbbb
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@ (m
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500 i (v7)(bb) (55 52 7.0 1.70 140
8.5 11.7 2.20 190
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16.6 129 140 1.30

Coupling HHH at best about 20%
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1000 GeV is the Vector-Vector world
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http://www.linearcollider.org/ILC/Publications/Technical-Design-Report
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CLIC multi-lateral collaboration - 44 Institutes from 22 countries

in Fall 2012 CLIC CDR was finalized : 1 IP. Linac?2 P i)

0.5 TeV Stage
Injector Complex

|‘4 km’l |‘4 km*l

~14 km

drive beam 100 A, 239 ns
2.38 GeV -> 240 MeV

Quadrupole

1 quadrupole power-extraction and
: ransfer Structure (PETS)
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main beam 1.2 A, 156 ns
9GeV->1.5TeV

BPM
Linac 1 3 TeV Stage IP.

Injector Complex
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0@ LINEAR COLLIDER COLLABORATION

Director : Lyn Evans




from Japan




CERN Council approved updates European strategy for particle physics in May 2013

A very important issue forthe strategy is preserving and building on the
European model for cross-border research.

CERN, in close collaboration with research institutions in the CERN Member
States and under the guidance of the CERN Council, will coordinate future
European engagement with global particle physics projects in other regions.

The strategy notes that cross-border collaboration in'science, as exemplified by
the CERN model, pays dividends for Europe in terms of knowledge, innovation,

education and training.

' European Strate
t\\, P Update %
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- Japanese Mountainous Sites -
Selection of the site this summer

site-A KITAKAMI

-
SEFURI site-B , e 9
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TOHOKU district

KYUSHU district




Y. Sugimoto

1 [  Ground breaking 0d &1t

2 Beam lines construction 1954d @ 9

3 Tunnel 9129 —J'

4 Beamline harware install 912¢

5 Beam line shield 60¢ 50t

6 Start of beam commissioning od 12/28

7 BDS pre-commissioning 1209

8 Shield removal 10d |l25m

9 BDS ready for detectors oc o628

10 Experimental Hall 1170d| @

" Access tunnel 3600 iﬂ

12 Cavern 680q

13 Services 130¢|

14 Detector construction on surface 1890d| @ v

15 Surface assembly hall 3900 &

18 Detector assembly on surface 300w

17 Solenoid construction 720d

18 Solenoid surface test 80¢

19 Yoke pre-assembly 1085d -

25 Detector assembly in cavern 705d P ——

2 Yoke assembly 570d —

38 Solenoid 640d )

49 Barreal detectors 535d P——

64 Barrel inner detectors 80d Cad

67 Endcap detectors 260d P—

7% QDO/FCALSs install/cabling/test 180d P—

82 Commissioning 210d P—
e Total construction time: ~8 years

e L N . e * Detector underground construction: ~3 years

| Detectors status, S. Yamada, KILC 2012 |
The time line of the LOI process

Underground Cavern Design Study

* Oct. 2007: Call for LOIs was made by ILCSC

* Jan. 2008: Detector management was formed

* Mar.2008: IDAG formed, 3 LOI groups known

* Mar.2009: 3 LOIs submitted

* Summer 09: IDAG recommendation for
validation and ILCSC’s approval

* Oct 2009: Work plan of the validated groups

* Mar:2009: IDAG began monitoring the progress

* End 2010: Interim report completed

. DBD outline to be monitored
* End 2012: Detailed Baseline Design Repo

A Hervé et al




e'e =VWWW.WZZ W /Z— jj et +e” = vH — vo(WW*) — v + 4jets

T \ I L e o 3
Nl]((;t‘\) r + vvh :wwv::;:) 1
H - ---- vvh (WWW-: -
& ol AE, = 0.30 VE, 500— } | o j E
L w 1
C *Jq — wvaq ]
400 :— + # g _:
C +++ + Ivbbgq .
3001— + s =
z L z
200— : ]
100~ 3
i i E 5 :’**{xf%* s :* E
80 L 10 o— 5 bl
M2(GeV) . ik
M(H) / GeV

Split Strip Algorithm 1P B andoraPFA

1000 [

Reconstruct strip-based calorimeter geometry
othogonal strips in successive layers

500 +° Split method

£ .
£ 0 R =X yer corf@rmr— Recently a lot of good progress
:}\v | n-1 = x layer EI:DID]:U:E °:— 9. @  45mm strip w/o SSA | |
\ @® 45mm strip w/ SSA
B X \ T f b S 8 SIECAL Default (5mm) {
-500 = 75, —e— SIECAL in LOI |
I = ’
S8 ¢ |
E n o
L s s ¢ |
J 5 o . L
=4 n+1 = x layer 4 S o l
-1000 — ¢ 3 — =
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Strip Splitting Algorithm O g5 j06 800556500

Energy of One Jet (GeV)




Coupling to Higgs
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| process | /s [GeV] | L[b~'] | (P._,P.+) | A(c-BR)/(c-BR) | Ag/g |

tth 500 500 (-0.8,+0.3) 35% 18%
Zhh 500 500 | (-0.8,4+0.3) 64% | 104%
tth 1000 1000 (-0.8,+0.2) 8.7% 4.0%
vvhh 1000 1000 (—0.8,+0.2) 38% 28%

" Full ILC Program The most

- challenging

- 250fb” @ 250GeV

500fb™’ @ 500GeV

= 1000fb™”’ @ 1000GeV
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Mode LHC  ILC(250)  ILC500  ILC(1000)
WW 4.1 % 1.9 % 0.24 % 0.17 %
Z7Z 4.5 % 0.44 % 0.30 % 0.27 %
bb 13.6 % 2.7 % 0.94 % 0.69 %
gg 8.9 % 4.0 % 2.0 % 1.4 %
vy 7.8 % 4.9 % 4.3 % 33 %
rtr— 11.4 % 3.3 % 1.9 % 1.4 %
cC - 4.7 % 2.5 % 2.1 %
tt 15.6 % 14.2 % 9.3 % 3.7 %
putp— — — - 16 %
self - — 104% 26 %
BR(invis.) <9% <044% <030% <0.26%
T'r(h) 20.3% 4.8 % 1.6 % 1.2 %




LHC projections are realistic, but are:

1) dealing only with subset of channels, yet,

2) preliminary (more important things to do :-),

3) cannot really assess experimental limitations to come,

4) cannot foresee theoretical progresses (20 years from now!)

LC projections realistic but are:

1) dealing with (full) Monte Carlo only,
2) often preliminary (lack of manpower),
3) not boosted by real data in hand

But, undoubtly

A Quantitative & Qualitative
difference between
HL-LHC and LC

exp&the systematics limited

exp-statistically limited

45
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e-e collider
Clean Luminosity

»

Mature technology SU(2), Full SM reach







Many other dream-machines
(at High Energy)

Mature technology SU(2), Full SM reach



HE-LHC — main Issues and R&D: ——

ALICE

G T2 2-GeV Booster
1’ - | 1668 | laas Acen
A - ¥ \ - : ‘
. -t

» High-field 20T dipole magnets based on Nb,Sn, Nb,Al, and HTS

« High-gradient quadrupole magnets for arc and IR

s Fast cycling SC magnets for ~1.3 TeV injector

« Emittance control in regime of strong SR damping and IBS

« Cryogenic handling of SR heat load (first analysis; looks manageable)
s Dynamic vacuum



Lake Geneva
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Muon Collider
Conceptual Layout

Project X
Accelerate hydrogen ions to 8 GeV
using SRF technology.

Compressor Ring
Reduce size of beam.

Target
Collisions lead to muons with energy
of about 200 MeV.

Muon Capture and Cooling
Capture, bunch and cool muons to
create a tight beam.

Initial Acceleration
In a dozen turns, accelerate muons
to 20 GeV.

Recirculating Linear Accelerator
In a number of turns, accelerate

muons up to 2 TeV using SRF .
technology. ol
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Collider Ring

Bring positive and negative muons
into collision at two locations 100
meters underground.




