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Colliders are for...

HIGH ENOUGH?

In particle physics colliders are generally used:

» study known particles and interactions (study of electrons and positron in QED)

* search new particles/establish new interactions (discovery of the Higgs boson, 2012)

Activity based on two main pillars:

* high-energy
* high-intensity
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When 1s it high-enough?

ENERGY

Energy:

look at LHC results

look at the LHC results with a specific question in mind(!)

L uminosity:

a longer discussion
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LHC ruled out new
physicsat N TeV...



LHC ruled outnewphysics atthe TeV ...

SUMMARY

OF THE SUMMARIES

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

July 2019 \s=13TeV
. a1 _
Model Signature  [£ar [ Mass limit Reference
] T T T T T T T T l T T T T T
4, G—¢%) Oe,u 2-6jets EPM  36.1 § [2x,8x Degen] 0.9 1.55 m(¥})<100 GeV 1712.02332
o mono-jet  1-3jets EFMS 361 | g [1x,8x Degen] 0.43 0.71 m(g)-m(¥)=5 GeV 1711.03301
£ 28, §—qa¥) Oe,pu 2-6jets EMS 361 I 2.0 m(t})<200 GeV 1712.02332
% z Forbidden 0.95-1.6 m(E?)=900 GeV 1712.02332
B 8z goqatOv 3e,u 4 jets _ 36.1 |2 1.85 m(¥")<800 GeV 1706.03731
o ee, i 2jets  EPS 361 | % 1.2 m(z)-m(¥1)=50 GeV 1805.11381
§ 22, g—qqWZX) Oe,u 7-11jets EMS 361 F4 1.8 m(¥}) <400 GeV 1708.02794
3 SSe,u 6 jets 139 |z 1.15 m(z)-m(¥})=200 GeV ATLAS-CONF-2019-015
S .
= 3z ot 0-1epn 3b EPS 798 | % 2.25 m(t})<200 GeV ATLAS-CONF-2018-041
SSe,u 6 jets 139 |z 1.25 m(g)-m(¥1)=800 GeV ATLAS-CONF-2019-015
Byby, by —b ek Multiple 36.1 by Forbidden 0.9 m(¥})=300GeV, BR(bT})=1 1708.09266, 1711.03301
Multiple 36.1 By Forbidden 0.58-0.82 m(¥})=300 GeV, BR(b¥])=BR(t¥})=0.5 1708.09266
Multiple 139 by Forbidden 0.74 m(¥})=200 GeV, m(¥})=300 GeV, BR(£V{)=1 ATLAS-CONF-2019-015
w e Dibibi—b¥y — bt 0e,u 6b  EMS 139 |B Forbidden 0.23-1.35 Am(EY, ¥9)=130 GeV, m(¥")=100 GeV SUSY-2018-31
xS by 0.23-0.48 Am(B3,¥])=130 GeV, m(¥})=0 GeV SUSY-2018-31
T3 } ) , . 3 i
3.).8 fii, Wbt or i) 0-2eu 0-2jets1-2b EF™ 361 |7 1.0 m(¥)=1 GeV 1506.08616, 1709.04183, 1711.11520
B g_ fi, h—wbit) Tew 3Bjets/th EMS 139 | 0.44-0.59 m(E%)=400 GeV ATLAS-CONF-2019-017
8w i, ii—Tby, 116 Tr+lent 2jetstb EMS 364 |7 1.16 m(#1)=800 GeV 1803.10178
T 2 717y, fi—cX) 1 88, ek Oe,u 2¢ EPs 36,1 ; 0.85 m(¥})=0 GeV 1805.01649
SRS . i 0.46 m(7,,&)-m(2))=50 GeV 1805.01649
Oe,u mono-jet EPS  36.1 h 0.43 m(f, ,&)-m(¥7)=5 GeV 1711.03301
fafs, hof) +h 1-2 e, u 4b Ems 361 |7 0.32-0.88 m(¥))=0 GeV, m(7,)-m(¥))= 180 GeV 1706.03986
oy, =i +Z 3e,u 1b Ems 139 | & Forbidden 0.86 m(¥))=360GeV, m(f;)-m(¥})= 40 GeV ATLAS-CONF-2019-016
XD via wz 2-3e,u Ems 361 | /)2‘6‘ 0.6 m(¥})=0 1403.5294, 1806.02293
ee, pupt >1 ERss 139 | XN, 0.205 m(¥r)-m(¥])=5 GeV ATLAS-CONF-2019-014
XX via ww 2e,pu EMs 139 | 0.42 m(d)=0 ATLAS-CONF-2019-008
iR via Wh O-leu  2b2y EMS 139 | /Xy Forbidden 0.74 m(¥})=70 GeV | ATLAS-CONF-2019-019, ATLAS-CONF-2019-XYZ
S Q NNl vial /v 2eu EMss 139 | & 1.0 m(Z,7)=0.5(m(¥; )+m(¥Y)) ATLAS-CONF-2019-008
W % 7T, ToTX| 27 Emiss 139 T [FL.TRLI 0.16-0.3 0.12-0.39 m(¥})=0 ATLAS-CONF-2019-018
TLrlLR, I—C0) 2e,pu Ojets  EMs 139 |7 0.7 m(¥})=0 ATLAS-CONF-2019-008
2e,u >1 EPss 139 | 7 0.256 m(?)-m(¥})=10 GeV ATLAS-CONF-2019-014
HH, H—hG/ZG Oe,u >3b EPS 361 )74 0.13-0.23 0.29-0.88 BR(¥] — hG)=1 1806.04030
4epu Ojets  EM™ 361 i 0.3 BR(Y! — ZG)=1 1804.03602
® © Direct ¥{¥] prod., long-lived ¥} Disapp. trk 1 jet Ems 361 | & 0.46 Pure Wino 1712.02118
= % 015 Pure Higgsino ATL-PHYS-PUB-2017-019
8’ g Stable g R-hadron Multiple 36.1 g 2.0 1902.01636,1808.04095
S 2 Metastavle 2 R-hadron, g—qqgt} Multiple 36.1 & [v(8) =10ns, 0.2 ns] 2,05 24 m(¥})=100 GeV 1710.04901,1808.04095
LFV pp—¥: + X, V-—eu/et/ut epL,eT.UT 3.2 Vr 1.9 A5,,=0.11, Ay32/133/233=0.07 1607.08079
Y0135 — wwyzeeeevy 4ep Ojets  EP's 361 |G/ = 000 #0] 0.82 1.33 m(¥})=100 GeV 1804.03602
33, 5—qq0", X} = qqq 4-5large-R jets 36.1 |z [me))=200 GeV, 1100 GeV] 1.3 1.9 Large A7), 1804.03568
R Multiple 36.1 g [4],=2e-4,2e5] 1.05 2.0 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
€ 7 i B s Multiple 361 |& (4,204, 102] 0.55 1.05 m(E))=200 GeV, bino-like ATLAS-CONF-2018-003
fify, i1 —bs 2jets+2b 36.7 |4 [qq, bs] 0.42 0.61 1710.07171
i, fi—ql 2e,u 2b 36.1 7\ 0.4-1.45 BR(7, —be/bu)>20% 1710.05544
Tu DV 136 | & [1e-10< A}, <1e-8,3e-10< A}, <3e-9] 1.0 1.6 BR(71 —qu)=100%, cosf,=1 ATLAS-CONF-2019-006
L L L L L L L l L L AL L L
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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What about electroweak scalars?

10*
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95% CL limit on o(pp—>X—HH) (fb)
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What about electroweak scalars?
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What about electroweak scalars?

¢ | SM
S1n y
g SM
= sinf < 0.3
Sin 6 ~ b} > my~2+3-m
My


https://indico.in2p3.fr/event/20459/

What about electroweak scalars?
ARE ABOUT AS TOUGH TO GATCH

CMS Preliminary 35.9 fb™' (13 TeV)

There Is in general a weak sensitivity to new
scalars, because of:

tanp
S5 OO
o O O
K

/ - “small” cross-sections

10

M// o7 Expected exclusion 95% CL

- large backgrounds

EPJC 79 (2019) 421
A/H/h — nu

CMS-PAS-HIG-18-010
A/H — bb

JHEP 1808 (2018) 113
A/H/h — 1t

W H» 01O
| | g
d,

JHEP 1809 (2018) 007
H—WW (lv v and Iv qq)

2] V i \ e it is hard to explore the scalar sector and the

CMS-PAS-HIG-17-027

2\ Ll | only big discovery of the LHC may be left
Al 0 o PP unmatched ... even if light scalars may exist.
2-my  4-my 8 - m,, m,[GeV]
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Interesting

New Physics sub-TeV



how much lumi?



Few “clear” luminosity targets

OF NEW PHYSICS

a “handful” of new physics events for a spectacular signature (e.Q. Wt > ¢ i1/)

hundreds of events (somewhat clear signature, but needs background rejection)

10"V events for a signature buried in background (e.g. h — bb at hadron

colliders)
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* QCD at 10~ is not guaranteed

Few “clear” luminosity targets

OF KNOWN PHYSICS

W, Z bosons known at 107 level (LEP&SLC)
h boson known at 10~ = 1072 by the end of HL-LHC

t quark known at 1072 — 1073 by the end of HL-LHC*
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* QCD at 10~ is not guaranteed

Few “clear” luminosity targets

OF KNOWN PHYSICS

00 1

— X X

R

W, Z bosons known at 107> level (LEP&SLC) 0(10°) Z bosons
h boson known at 10~ = 1072 by the end of HL-LHC » O(10?) “usable” & bosons

t quark known at 107> — 1072 by the end of HL-LHC* 0(10°) usable t quarks
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* QCD at 10~ is not guaranteed

High-lumi vs. High-energy

TENSION

probabllity

pr

1
U(Clb —> Cd) X — - PClb—>Cd
(Dab

S
flux

#

o(ab — cd) :
EaEb

careful balance between Bnergy and Luml
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Concrete Examples
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Luminosity [cm2-s1]
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Luminosity falls
too fast

—=— CLIC
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Luminosity [cm2-s1]
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Luminosity Is not
growing fast enough
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* No well-established technology in sight to

reach high energy and keep large enough

luminosity

[ ots of R&D on beams and accelerators is

needed to enable a flourishing future for

high energy physics
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Concrete Examples



2102.11292

2012.11555 - Buttazzo, RF, Wulzer

£ ¢ ~— new physics

Roberto Franceschini

VALENCE COLLISIONS
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10* events for & ~ ab~!

barely sufficient for exclusion at 95% CL

BEST POSITION TO OBSERVE ANY SIGN OF
ELECTROWEAK NEW PHYSICS

(e.g. in the Higgs sector, or from new strong
iInteractions at the TeV, fermions mass and

mMixing generation at the TeV)

Any sign of SUSY below the TeV will be

observable, no matter Iif the s
colored or not.

narticles are
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2012.11555 - Buttazzo, RF, Wulzer

£ ¢ ~— new physics
COLLISIONS

Roberto Franceschini

10* events for & ~ ab~!

barely sufficient for exclusion at 95% CL

BEST POSITION TO OBSERVE ANY SIGN OF
ELECTROWEAK NEW PHYSICS

3TeV ut 1™, Ly = 0.9ab™"

L
(@)
(@)
5 (e.9. in thejHiggs sectorj or from new strong
9?3 interactions at the TeV, fermions mass and
2 mixing generation at the TeV)
Q
=
S
N 103 Any sign of SUSY below the TeV will be
tr, 0 observable, no matter if the sparticles are
- 0 colored or not.
R

0.2 04 06 08 1. 1.2 14
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2102.11292

2012.11555 - Buttazzo, RF, Wulzer

£ ¢ ~— new physics

Roberto Franceschini

VALENCE COLLISIONS

3TeV ut 1™, Ly = 0.9ab™"
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10* events for & ~ ab~!

barely sufficient for exclusion at 95% CL

BEST POSITION TO OBSERVE ANY SIGN OF
ELECTROWEAK NEW PHYSICS

(e.g. in the | or from new strong
iInteractions at the TeV, fermions mass and

mMixing generation at the TeV)

Any sign of SUSY below the TeV will be

observable, no matter Iif the s
colored or not.

narticles are
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2Imm.nnnnn - RF, Xiaoran Zhao

£~ - ffWYW—, Zh

PRECISION TOTAL CROSS-SECTION

4

f

¥ 1S heavy/light new physics
r f

o \J
e X

* fiducial cross-sections are

significantly affected by off-shell

new physics heavier than the
collider kinematic reach
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2Imm.nnnnn - RF, Xiaoran Zhao

£~ - ffWYW—, Zh

PRECISION TOTAL CROSS-SECTION

4

f

¥ 1s heavy/light new physics
r f

* M
e X

* fiduclal cross-sections are

significantly affected by off-shell
new physics heavier than the
collider kinematic reach
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SM works V‘v‘(v)nderfully!

New Physics may fit well in a EFT (new contact interactions)

R

* effects grow at larger energies like ve-—ve- in Fermi Theory

arr N PR i ARl e B
WGTF i S e v S PP TG SO g

do
dpy
4, measurements sensitive 1o a range of mass scales ‘

* sensitive to a range of energy scales
* progress is easy to measure: bounds on new Fermi constants

as NP effects may grow quadratically with energy

1% at mz is worse than

L

at 1 TeV
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the “leveraging energy” way

£~ — Zh

[l 68%, 95%, 99% CL fit contours, U=0
(SM__: M,=126 GeV, m =173 GeV)
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Buttazzo, RF, Wulzer - 2012.11555 the “leveraging energy” way

f + Z o % Z h Ever higher energy colliders can exploit “precise” measurements at the 10% level
e A0 4% AT+

1 1
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. 00
S = cy/my, = "3 at Z pole

GOING TO HIGHER ENERGY WE CAN
EXPLOIT “PRECISE”

MEASUREMENTS AT THE 10%
LEVEL, AVOIDING THE BOTTLENECK
OF SYSTEMATIC UNCERTAINTIES
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— at Z pole

GOING TO HIGHER ENERGY WE CAN
EXPLOIT “PRECISE”
MEASUREMENTS AT THE 10%
LEVEL, AVOIDING THE BOTTLENECK

OF SYSTEMATIC UNCERTAINTIES

LUMINOSITY MUST SCALE WITH E?
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Conclusions

* Lots of targets for SM studies and New Physics searches are sub-TeV (high-energy,
ves, but not out of reach!)

* [he higher the energy, the more the achievable luminosity will matter!

* Lots of R&D on beams and accelerators is needed to enable a flourishing future for
high energy physics

* Time from here to next update of European Strategy for Particle Physics is crucial to

set the future path
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Thank you!



