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= [LHC has entered the TeV scale sensitivity range

Selected CMS SUSY Results® - SMS Interpretation ICHEP "16 - Moriond "17
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Status of LHC measurements

- carly stage: constraints can be avoided in non-minimal scenarios

e.g. [Costa, Miihlleitner, Sampaio, Santos * 15] scenarios for run-2

CxSM.B1 CxSM.B2 CxSM.B3 CxSM.B4 CxSM.B5
*x mp1 (GeV) 3l 125.1 57.83 86.79 33.17
mp, (GeV) 260.6 228 12551 112541 64.99
* mp, (GeV) 449.6 311.3 299 291.8 112051
* Qi —0.04375 0.05125 —1.102 —1.075 1.211
* 0.4151 —0.4969 1.136 0.8628 —1.319
* Qg —0.6983 —0.5059 —0.02393 —0.0184 1.118
*x vs (GeV) 185.3 52.3 376.9 241.9 483.2
va (GeV) 371.3 201.6 236.3 286.1 857.8
A 1.148 1.018 0.869 0.764 0.5086
52 —0.9988 1.158 —0.4875 —0.4971 0.01418
do 1.819 3.46 0.6656 0.9855 0.003885
m? (GeV?) 5.118 x 10* | —5.597 x 10* | 2.189 x 10* 1.173 x 10* | —2.229 x 10*
ba (GeV?) —3.193 x 10* | —5.147 x 10* | —3.484 x 10* | —3.811 x 10* 1362
b1 (GeV?) 9.434 x 10* | 5.864 x 10* 1.623 x 10* 1.599 x 10* 3674
a1 (GeV?) —1.236 x 107 | —2.169 x 10° | —4.325 x 10° | —2.735 x 10° | —1.255 x 10°
fiyy /iy 0.0127 0.0407 0.365 0.117 0.687
[ihy 0.836 0.771 0.0362 0.0958 0.00767
o1 = o(gg awi R0 4.61 [pb]
o1 X BR(hl 0.01 [fb]
o1 X BR(h1 0.01 [fb]
o1 X BR(h1 .01 [pb]
o1 X BR(h1 — 77 2.29 |pb 2.11 [pb 501 [fb 659 [fb 323 [fb]
o1 X BR(h1 — v7) 83.7 [fb] 77.2 [fb] 2.87 [fb] 9.13 [fb] 0.617 [fb]




Physics Baseline

m Conclusions for HEP ? No guaranteed discoveries. Best case(s)?

no evidence for
the SM is flawed .
exotics yet
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big part of WG
studies focus on Higgs M= :;j Higes mass,




Physics Baseline

m (Conclusions for HEP ? No guaranteed discoveries. Best case(s)?

direct vs indirect precision?
energy coverage?
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Effectlve Field Theory

0 &
 L=Lsm+) 50

g [Buchmiiller, Wyler " 87]
| [Hagiwara, Peccei, Zeppenfeld, Hikasa " 87]

¥ [Giudice, Grojean, Pomarol, Rattazzi * 07]
‘[Grzadkowskl Iskrzynski, Misiak, Rosiek ™ 10]

59 B-conserving operators ® flavor ® h.c., d=6
2499 parameters (reduces to 76 with N¢=1)




ATLAS and CMS Stat. [ Syst. ng g S 1NASS

LHC Run 1 Total Stat. Syst.
ATLAS H—yy 126.02 = 0.51 (£ 0.43 £ 0.27) GeV

CMS H—yy 124.70 £ 0.34 ( £ 0.31 £ 0.15) GeV

ATLAS H—ZZ—4] 124.51+ 0.52 ( = 0.52 + 0.04) GeV

CMS H—ZZ 4 125.59 = 0.45 ( = 0.42 + 0.17) GeV

ATLAS+CMS yy 125.07 = 0.29 ( = 0.25 + 0.14) GeV

ATLAS+CMS 41 125.15 = 0.40 ( = 0.37 = 0.15) GeV

................................... I.-------------------------------------------------

ATLAS+CMS yy+4l 125.09 + 0.24 ( = 0.21 = 0.11) GeV

123 127 128 129
m,, [GeV]

= Higos mass precision can be limitation of coupling fit precision

5[/[/ =0.9- (5mh, 52 == 5mh

[Almeida, Lee, Pokorski, Wells " 13]
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= Higos mass precision can be limitation of coupling fit precision
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5W = 69 . 5mh7 5Z == 77 . 5mh ; | —&— Data

—— Signal+Background -

[Almeida, Lee, Pokorski, Wells " 13] Signal

-~ Background

m through leptonic recoil in Z—p*p- § PP
the Higgs mass can be constrained
o 14 M@V [LCC Physics Working Group " 18]
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w impacton Z/W couplings ~0.1% ' o Recoil Mass (GeV/c?)
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Status of LHC measurements

ATLAS and CMS —+10
LHC Run 1 - ATLAS+CMS —~+ ATLAS —+~CMS —=+20

bl =1
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[ Parameter value

m cverything is consistent with the SM Higgs hypothesis (so far)
but what are the implications for new physics/future colliders?

12



HI-LHC projections
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FCC-hh projections

LHC HIGGS XS WG 2014

M, =125 GeV
MSTW2008

-
.
-

[HXSWG " 16]

20 30 40 50 60 7080 10°
\'s [TeV

w large relative improvement for ttH (pdfs & phasespace)




FCC-hh projections
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[Mangano, Plehn, Reimitz, Schell, Shao™ 15]
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= Precise extraction of top/Higgs
properties possible at 100 TeV
including rare final states

[Cao, Chen, Liu " 16] 08
[Contino et al. CERN YR " 16]




SM Higgs production
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[Duricux, Grojean, Gu, Wang * 17] Coupling projections: HL-LHC

precision reach of the 12—parameter fit in Higgs basis

- W LHC 300/fb Higgs + LEP e'e >WW B CEPC 2408eV (5/ab) + 350GeV (200/fb)
" M LHC 3000/ Higgs + LEP e'e >WW W FCGtee 240GEV (10/ab) + 350GeV (2.6/ab)
light shade: e*e™ collider only BILC | 250GeV (2/ab) + 350GeV (200/fb) + 500GeV (4/ab)

solid shade: combined with HL-LHC M CLIC ~ 350GeV (500/fb) + 1.4TeV (1.5/ab) + 3TeV (2/ab)
blue line: jpNidual constraints
red star, ning zero aTGCs

precision

Cyy Czy Cqg

see also [LCC working group " 18], [CEPC working group ™ 17]
= Precision environment of a lepton colliders allows to pin down

gauge-Higgs sector at the per mille level in case of the 7,




[Duricux, Grojean, Gu, Wang * 17] Coupling projections: HL-LHC

precision reach of the 12-parameter fit in Higgs basis

- Bl LHC 300/fb Higgs + LEP e"'e"»WW B CERC 240@eV (5/ab) + 350GeV (200/fb)
[ W LHC 3000/fb Higgs + LEP e*e"»>WW Bl FCC+ee 240GV (10/ab) + 350GeV (2.6/ab)
light shade: e*e™ collider only HILC 250GeV (2/ab) + 350GeV (200/fb) + 500GeV (4/ab)

solid shade: combined with HL-LHC M CLIC ~ 350GeV (500/fb) + 1.4TeV (1.5/ab) + 3TeV (2/ab)
blue line: jpNidual constraints
red star, ning zero aTGCs

precision

Cyy Czy Cqg

see also [LCC working group " 18], [CEPC working group ™ 17]
= Precision environment of a lepton colliders allows to pin down

gauge-Higgs sector at the per mille level in case of the 7,

w CLIC energy coverage beneficial to pin down high energy
behavior of electroweak sector e.g. czn 9° 2,0, 2,




LLHC blind spots: Higgs potential

= dimension 6 deformations of the Higgs potential
V(HTH)G i) CG/AZ(HTH)S
modily Higgs self-interactions. Large top-threshold interference.

g

[Glover, van der Bij " 88]

[Frederixetal * 14]

T T T T T ]
HH production at 14 TeV LHC at (N)LO in QCD 1
M=125 GeW, MSTW2008 (N)LO pdf (68%cl) ]

MadGraph5 aMC@NLO

0.1

0.3 |
[Barr etal " 14]




LLHC blind spots: Higgs potential

CMS Projections=13Tev ~ SM gg — HH

— ECFA16 S2 — Stat. Only
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LLHC blind spots: HH @ 100 TeV

s=14 TeV, PU=140
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LLHC blind spots: HH @ 100 TeV

s=14 TeV, PU=140
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[Contino et al. CERN YR " 16]



CLICdp s=1.4&3TeV |

- \s=3TeV
= \s=14TeV

[CLIC" 16]

LLHC blind spots: HH @ e* e

e'e — HH | = direct probe of Higgs self

interactions possible for higher

eNergies

AA/A =40% at /s =14TeV,
AA/A =22% at+/s=3TeV.

w recent EF T ﬁt to Zh(h) production show sensitivity to e*'e—7Zhh

[((60)*))'/? = 2.4% ®5% EFT systematics, o/(SM) =1+ 0.56c5 + - -

self-coupling extraction becomes possible at 500 GeV at ~14%

23

[Barklow, Fujii, Jung, Peskin, Tian ™ 17]



Summary

== community is active in making the case for the next generation of

colliders
m (HL-)LHC input to strategy is crucial -

identity BSM parameter

constrain blind space after LHC
directions vice versa

w FCC(hh)/... although at an

14 TeV 100 TeV

Q
early stage in planning E 03 5 3 30 a
| » . . T
clearly has the highest 1
energy reach A I .

0.5 1. 2. 5. 0. 20.
my [Tev] |CGraig, Hajer, Li, Liu, Zhang " 16]



