Physics Perspectives
with the high luminosity LHC

SLC-PP Anncea/ /V/eef/nﬂ
Saclay, Fesb. 7 20I

CERN-TH & CEA-Saclay/IPhT : E :\
( christophe.grojean@cern.ch )

@


mailto:christophe.grojean@cern.ch?subject=Your%20talk%20at%20King's%20College
mailto:christophe.grojean@cern.ch?subject=Your%20talk%20at%20King's%20College

Why high luminosity?

better precision?
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establish CKM as the source
of flavour violation & CP

= No new physics?
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Why high luminosity?

access to rare

events?
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SLHC Physics Potential

Higgs thSiCS A. De Roeck ‘09

0O Higgs anomalous couplings fo SM fermions and bosons

0 Higgs self-couplings 72
0O rare Higgs decays; multi-Higgs (MSSM or not) P = AWC
0 Dynamics of EW symmetry breaking Y Zop,,
IElectroweak physics
0 anomalous gauge boson self-couplings
| 0O top quark rare/flavour violating decays
OSupersymmeTry
O measurement mass spectrum
0 extend the mass gluino/squarks reach to 3 TeV.
IExtra dimensions “Conz 4 3y
e ,‘
0 KK production “Ove, & s e 7o
0 Black hole production See por Con,m
\ /New forces S seny Page

nW,Z etc

O technicolour
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To learn more...

ORepor’rs

O "Physics potential and experimental challenges of the LHC luminosity
upgrade”, F. Gianotti et al, EPTC39(2005)293, hep-ph/0204087 s

O "From the LHC to a Future Collider”, A. De Roeck et al., EPTC66(2010)525,
arXiv:0909.3240 ‘=

OTalks

O D. Denegri, Care-HHH workshop, November ‘04 \°

© M. Mangano, SLHC kickoff meeting, April '08
O G. Giudice, PLHC conference, October '08 (i

PDF)

O A. De Roeck, XXXVii SLAC Summer Institute, August ‘09
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Anomalous Higgs couplings

I'w/T
.03 Wiz
( = I
| < ATLAS + CMS
| & | [Ldt=300fb"and]L dt=3000fb"
‘ N ®m O I,/ (indirect)
~ ® O T,/ (direct
| S w'Tz (direct h— Z7 — 4l
o2 s WW — 2120
- i
0.1 =
- ’ e ‘
| i \\\ —— \L '
T h—=> 27 =4l N
h =y
O ] | ] ] ] | ] ] ] | ] ] ] | ]
120 140 160 180
! m,, (GeV)
L

~

A(T,/T)/(T,/T

______ _ _

0 I'w/I't & T'w/Tp & T'w/T
ATLAS + CMS
- JLdt=300fb" and | L dt = 3000 o
- AA T,/T, (indirect)
0.6 - mO I,/T, (indirect)
e O I',,/T', (indirect)
I',/T, (direct)
0.4 —
i )
B )
0 1 | 1 | 1
100 150

open ymo|:563Cl |

ratio I'i/I'j because total Higgs production cross-section, width and luminosity cancel

SLHC can reach a sensitivity of O(10%)
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Higgs rare decays

Higgs couplings % mass
light particle © small coupling
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Higgs agenda

e

s - LHC
iggs discovery

0O measure its mass

——

sections x BR L

0 ratios of couplings to particle
O measure CP and spin
0 measure Higgs self-couplings

0 measure Higgs dynamics ~ dynamics of EWSB
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Higgs self-coupling sensitivity
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1 1 [ 3m? 1 [ 3m?
V- _ 2h2 - h h3 T h h4
SM = 5T +6<v0> +24(v(2)

LHC: A13=0 can be excluded at 95% CL

SLHC: An3 can be determined to 20-30%
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EW phase transition

nd V(g) 15" ord
V(o 2 oder' ) or .

In the SM, a 15" order phase transition could occur due
to thermally generated cubic Higgs interactions:

---------------------------------------------------------

1 0N ‘5 |
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Higgs self-coupling and EW phase transition

® does not rely on a thermally generated negative Higgs
cubic interaction

@ instead, we add a non-renormalizable ¢ interaction in
the Higgs potential

V(@) = pp|@[* — A[@[* -
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Testing the H® interaction @ SLHC

The H® interaction generates large deviations of the Higgs self-couplings

1 1 /3m? 6v 1 /3m? 3603
V _ 2h2 - h et h3 h 0 h4
SM = 5, + 6 ( - + A2 - 2 A2

! 7 I | | | 1 I I I

contours of Adn3 1 | Ahns = (Aps — A23Y) /A0

—

SLHC can teach us something about
the cosmological EW phase transition in the (very) early Universe
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Goldstone of SU(2).xSU(2):/SU(2)y

A Higgs-like
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Current EW data constrain only ‘a’ (and marginally 'c’)
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Strong EWSB: Composite Higgs
Higgs=Pseudo-Goldstone boson (PGB)

SM BSM
S04/ 03y » 6/,

- Continuous interpolation between SM and TC -

A (weak scale)?

(strong coupling scale)?
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SM limit " Technicolor limit

all resonances of strong sector,

. Higgs decouple from SM;
except the Higgs, decouple

~..  vector resonances like in TC
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Composite Higgs couplings
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Strong EW symmetry breaking

B strong WW scattering

................. i W . et e
h g ~(1=8)g M2, of the growing amplitudes

A(WEWE = WEWE) = As,t,u) 000 + A(t, 5,u)0°6" + A(u,t, s)o°%" A = (1 —a®) —

large ., heeded
not competitive with the measurement of 'a’ via anomalous couplings

® strong double Higgs production

A(Z979 — hh) = (W} W, — hh) = (b— a®) —

02
access to a new interaction, 'b’

distinction between 'active’ (higgs) and 'passive’ (dilaton) scalar in EWSB dynamics
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Strong WW scattering @ LHC

Even with a light Higgs, growing amplitudes (at least up to m,)
A(Z028 — WIW) = AWFW = Z028) = —A(WEWE = WEWE) = (1- )
AWEZ? - wEZ2) = (1 - cﬁ% AWW, = WiWp) =1 - a2>8;t

A(Z)Z}) — Z)Z7) = cst

9
w 2
o(pp = ViViX), =1 —a")o(pp = ViVeX)1gr
"%
g \ LET(a =0) SM bckg
YA 4.5 2.1
leptonic vector decay channels @ WHWw= 15.0 36
forward jet-tag, back-to-back lepton, central jet-veto W=Z 9.6 14.7
WEW= 39 11.1
L,‘ng:300fb_1

New technics being developed : boosted jets, jet substructures...
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Strong hh production @ LHC

2

SM: a=b=d3=ds=1

----------------------------------------------------------------
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A ~ (52— CLQ) o A ~ cst. + Sadg

mhh ~ 4mh U

asymptotic behavior threshold effect
sensitive to strong interaction
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Threshold production
do 1

integral is saturated at threshold

L ¥y

inclusive cross-section is
dominated by threshold
production, it is not probing the
asymptotic regime of hard
scattering
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Isolating Hard Scattering

isolate events with large mn
luminosity factor drops out in ratios: extract the growth with mn,

measure H3 measure (b-a?)

B e I — ——  ——— ‘
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06| .
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Dependence on Collider Energy

= 0(80g) X 45 5(5) p(5/5
r=ol0)x | T 0las

increase collider energy s = sensitive to PDFs at smaller x
bigger cross-sections
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Dependence on Collider Energy

ot x [ T2 ) (/s

s 6(sp)
increase collider energy s = sensitive to PDFs at smaller x
bigger cross-sections
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4‘, i o .
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W*W- — 3h, Zhh, WWh, WWZ
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Probe of possible discrete symme’rrues in The strong dynamics

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
.
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a process with an odd # of PGBs
requires a coupling breaking the coset structure
ie cannot be mediated by strong interactions alone

2
Aww s 3p ~ 4i 2 (a(b —a?) — §bg) + s X (m—W>

e 3 4

. \—\(—J \—\(—J

=0 for mediated by SM gauge
symmetric coset interactions (breaking of
coset structure)
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1
7T here /s ”3%73 neww o be discovered in p/7y5 ics noew. Al that

reMa/nS 1S more and r»ore precfS e measSutrenterl.
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