Highlights from EPS 2017

Paris Sphicas
CERN & NKUA (Athens)
EPS HEP 2017, Venice, July 12, 2017

P. Sphicas EPS HEP 2017, Venice
Highlights from EPS 2017 July 12, 2017



Highlights from EPS 2017

Paris Sphicas
CERN & NKUA (Athens)
EPS HEP 2017, Venice, July 12, 2017

Non-introduction

Thankfully, no-one is expecting a “summary”
| am grateful to the plenary speakers
and session conveners
Copyright to Any—and-All mistakes in this talk:
held by the Speaker — All Rights Reserved.
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HEP Panorama

The Highest Energies

+ Our pride, source of great hope(s); SM, Higgs, BSM, Flavor,
matter at its extremes

The neutrino sector

+ Cause Vv’s are so very different; PMNS, fermion nature, BSM,
sterility

The dark sector
+ The experimental evidence for physics outside the SM

The cosmos
+ Not strictly always “particle” physics; equally fundamental

Dedicated-measurement experiments
+ Complementary to high E; fundamental symmetries

Theory: because we need to understand what we’re
doing
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The Standard Model

It’s about time we change its name to Standard Theory



The highest energies

The LHC and its experiments Operating Great Again

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2017-06-24 21:31 UTC
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High machine availability

~50 % (many HW issues fixed)
High luminosity lifetime (improved
knowledge of machine parameters for
operation)

High peak luminosity (small beam size
from injectors and stronger focussing)
Still room for improvement in 2017&18
More bunches, higher bunch intensity,
stronger focussing

Delivered Luminosity [fb™]
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SM Highest E; EWSB (“Higgs” sector) (l)

Beyond All Doubt:

itis a

JP

Higgs
0+

Ultimate
non-

universal

coupling:

1071}

to mass (!)

ATLAS and CMS
LHC Run 1

¢ ATLAS+CMS ]
-« SM Higgs boson

— [M, €] fit
B 68% CL
| 95% CL

t,b,u points: slight overstatement

10 10
Particle mass [GeV]

Still in Doubt:
is it the Higgs?

— establish
production
and decay
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SM EWSB/H sector (ll): noteworthy

H-t coupling @ CMS:
Single-expt observ.

of H—tr: 5.90
(Run1+Run2)

H-b coupling @ ATLAS:
Single-expt evidence for
H—bb: 3.60
(3.5 from Run2)

Highlights from EPS 2017

July 12, 2017
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SM EWSB/H sector (lll): noteworthy
Coupling to the top quark (special: y=1)

H-t coupling:
ttH production
elusive (~1/100

of ggH)
Up to last week:
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SM EWSB/H sector (IV): for the future

Increased statistics

CMS arXiv:1706.09936 Submitted to JHEP

CMS Preliminary ~ 35.9 fb™' (13TeV)
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o [pb]

SM, Highest E; SM minus Higgs

Standard Model Production Cross Section Measurements Status: July 2017
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SM, Highest E:

T T T

EWK precision tests

T T T
—m,, =80.370 £ 0.019 GeV

So what next?

mW ATLAS -.:tv;t.Uncenainty 3 80-53 B - 17284£0.70GeV .
— Full Uncertainty = E - m,=125.09 +0.24 GeV Theory errors.
E 80.45— i 68/95% CL of m,, and m, |
LEP Comb. a 80376233 MeV -7
) 80.41- : B MW= 80.358+0.008 GeV
Tevatron Comb. o 80387+16 MeV == .
LEP+Tevatron ° 80385+15 MeV 80355‘_‘ ------------------------------- E Mt p— 1 77 .O+2 .3_2 .4 GeV
ATLAS —— g B0570419 MeV 80.3F L~ : 6319;;20 rglv;:fn 5|::troweal% Am exp< Am the
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80320 80340 80360 80380 80400 80420 O02° 165 170 175 180 185 — EXpe riment: more
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, WOrk onm
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; . . ' , .
CMS e L .« — | 0.23101 + 0.00052 :I: O . 00052 S|n26W
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SM Strong Interaction ()

EXPRESS In this universe

- . -
THIS is the disturbing WATCH: Dramatic moment

A A

Dolph Lundgren BACK as

Drago to face Rocky?
Stallone is NOT...

Antiques Roadshow: Fiona lf Princess Diana's
Bruce consoles collector [l bridesmaid India Hicks

reason why you should tourist beach is swamped
never walk through... by freak mini...

in tears as... goes TOPLESS in just...

CERN scientists one step closer to unlocking key to
Universe after LHC breakthrough

SCIENTISTS investigating the origins of the Universe through the Large Hadron Collider (LHC) are celebrating a major breakihrough.

http://www.express.co.uk/news/science/825660/
CERN-Large-Hadron-Collider-discovers-baryons
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SM Strong Interaction ()

JEXPRESS In this universe At the bottom. the
reader can speak up:

- . -
THIS is the disturbing WATCH: Dramatic moment

A A

Dolph Lundgren BACK as

Drago to face Rocky?
Stallone is NOT...

Should the Large Hadron
Collider experiments continue?

Antiques Roadshow: Fiona lf Princess Diana's
Bruce consoles collector [l bridesmaid India Hicks

reason why you should tourist beach is swamped
never walk through... by freak mini...

in tears as... goes TOPLESS in just...

CERN scientists one step closer to unlocking key to B
Universe after LHC breakthrough e

No, how much is it costing? Surely there is more important
SCIENTISTS investigating the origins of the Universe through the Large Hadron Collider (LHC) are celebrating a major breakihrough. stuff

HPESTER

http://www.express.co.uk/news/science/825660/
CERN-Large-Hadron-Collider-discovers-baryons
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SM Strong Interaction ()

EXPRESS 1n a || universe

the Lattice

S180F [HCD 13 Tev E
2160 E
5 —Tota ]
2100F ---Background

=

L e

| | ' L L L M 3 L | L L ' E
3500 3600 » :—;)?([)K{ev /c2] ~ SU(4) flavor multiplets, PDG Review of Particle Physics, FOOd fo r th O u g ht fo r

Phys.Rev. D86, 010001.

Quantitative testers of QCD rejoice! Outreach

First observation of doubly-charmed
= ++
baryon, the =_.
SCIENTISTS investigating the origins of the Universe through the Large Hadron Collider (LHC) are celebrating a major breakihrough.

http://www.express.co.univ/news/science/825660/
CERN-Large-Hadron-Collider-discovers-baryons
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SM Strong Interaction (ll)

3591 (13 TeV)
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Jet substructure: Opens up possibility of
a major new tool inclusive gg—H—>bb (!)
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Theory: Incredible strides

— NLO
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Beyond the SM

Supersymmetry
Others



Supersymmetry: how we got here

SUSY Summary

o0 CMS Preliminary

(s=7TeV, [Ldt=11fb"

Specific SUSY Models (CMSSM)

Direct searches

125 GeV Higgs

The 2012’s: Full models
too ambitious... [SUSY]
only needs to be “natural”
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I J mz 5 Quasi—natural SUSY, tang = 20
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3 10 30
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0

Optimist’s view: high A,.

T

heorist’s view: not-so-

easy to generate (large A))

E
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xperimentalist’'s view:
early, an SEP*
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Supersymmetry: were we are today

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Prelimin:
rom the to the
Model amTy Jets EX [rain) Mass limit Vi=7,8Tev [NF=13TeV] Reference
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Supersymmetry: what to do next

Compressed spectra

\ PP — X %5

B A e N
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We will always have Higgsinos...

u term must be ~O(MH)
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Long Lifetimes

« Small couplings: RPV decays,

dark sector coupling

« Small Am: almost degenerate dp/ky

NLSP heavy messenger: Z',

split SUSY

« Hidden valleys...

Dedicated (re)tracking
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What is really needed:
Systematic study of all
SUSY and DM space
under long-t hypothesis

CERN LLP Workshop
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Non-SUSY BSM: vast, simply vast...

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: July 2017 [£dt =(3.2-37.0)fb Vs=8,13TeV
Model £,y Jetst E?'“ JLdiib] Limit Reference
T T
g ADD Gkk +g/q Oeu 1-4j Yes 36.1 Mo 7.75TeV n=2 ATLAS-CONF-2017-080
S ADD non-resonant yy 2y - - 367 |Ms 8.6TeV CERN-EP-2017-132
2 ADDQBH - 2j - 870 |Ma 89TeV 1703.09217
g ADD BH high 3. pr- zleyp 22j - 32 |My 8.2TeV Mp = 3TeV, rot BH 1606.02265
% ADD BH multjet - 23 - 35 |Ma 955 TeV My — 3TV, rot BH 1512.02586
@ | RS1Gk—yr 2y - - 367 [Gucmass 41Tev KM — 0.1 CERN-EP-2017-132
R | Bulk RS Gk —» WIW — qalv Tep 14 Yes 361 |Gy mass 1.75 TeV e ATLAS-CONF-2017-051
W oUeD/RPP Teu 225>3] Yes 132 |KKmass 1.6TeV Tier(10), BAIY - ) —1 | ATLAS-CONF-2016-104
SSMZz' it 2ep - ~ et |Z'mass 45Tev ATLAS CONF-2017-027
g SSM Z' - tT 27 - - 36.1 Z’ mass 2.4TeV AATLAS-CONF-2017-050
§ Leptophobic Z* — bb - 2b - 32 2’ mass 1.5TeV
S Leptophobic Z* — tt lepu =21b 212 Yes 32 2’ mass 2.0 TeV. rim=3% AATLAS-CONF-2016-014
@ SSMW iy ) - Yes 961 | W’ mass 5.1TeV 1706.04785
g’ HVT V' — WV — qqqqg model B O e 2J - 36.7 V" mass. 3.5TeV &v =3 CERN-EP-2017-147
‘g HVT V' — WH/ZH model B multi-channel 36.1 V’ mass. 2.93 TeV &y =3 ATLAS-CONF-2017-055
LRSM W, > th e, 2b01] Yes 203 1410.4103
' Clgagg - 2j -~ 70 |A 218TeV. 1, 1703.09217
o Cltiqq 2ep - - 36.1 A 401 TevV ATLAS-CONF-2017-027
Cluutt 2(SS)z3epz1b 21| Yes 203 |Crrl = 1
Axial-vector mediator ic DM) Oep 1-4j Yes 36.1 Mined. 1.5TeV 85=0.25, g,=1.0, m(x) < 400 GeV | ATLAS-CONF-2017-060
S Scalar mediator t-ch. (Dirac DM) O e, 1-4j  Yes 361 Mined 1.65 TeV. &=1, mlx) - m(n) < 500 GeV/ ATLAS-CONF-2017-060
8 Vector mediator (Dirac DM) Oe 1y <1  Yes 361 | Mmed 12TeV 8=0.25, g,=1.0. m(y) < 480 GeV/ 1704.03848
VWyy EFT (Dirac DM) Oep 14,21 Yes 32 Mo 700 GeV' m(y) < 150 GeV. 1608.02372
Scalar LQ 1* gen 2e 22j - 32 |LQmass 1.4 TeV B=1 1605.06035
Scalar LQ 2™ gen 2u 22j - 32 |LOmass 1,05 TeV. A=l 1605.06035
Scalar LQ 3" gen Tepu =1b,23] Yes 203 B=0 1508.04735
@ VIQTT - He4+X Oorien 22b23] Yes 132 BT~ H) =1 ATLAS-CONF-2016-104
‘Hf VLIQTT = Ze+ X leu =1b23] Yes  36.1 BT - 2z)-1 170510751
g_ VLQTT - Wb+ X lep 21b =1J2) Yes 36.1 B(T = Wb) — 1 CERN-EP-2017-094
g\ VLQ BB — Hb+ X lep 22b23] Yes 203 B(B - Hb) =1 1505.04306
§  VIQBBo Zb i X - 208 B(B~2b) =1 1409.5500
£ viaBB- Wit X lepu 21b21J2 Yes 361 B(B - we) =1 CERN-EP-2017.094
VLQ QQ — WgWgq Teyp z4j Yes 203 1509.04261
Excited quark g* — qg - 2j - 37.0 6.0 Tev. only u* and d*, A = m(q") 1703.09127
3 2 Excited quark ¢* — gy 1y 1) - 367 5.3TeV only u* and o, A — m(q") CERN-EP-2017-148
.E E Excited quark b* — bg - 1b 1] - 133 ATLAS-CONF-2016-080
Ifl .E Excited quark b* — Wt tor2ep 1b,20) Yes 203 fo=fi=fr=1 1510.02664
Excited lepton (* 3e, - - 203 A—30TeV 1411.2921
Excited lepton v* 3eut - - 203 A=L6Tev 1411.2821
LRSM Majorana v 2en 2j - 203 m( W) — 2.4 TeV, no mixing 1506.06020
Higgs triplet H' " — (¢ 234e(88) - - 861 DY production ATLAS-CONF-2017-053
§  Higgs triplet H** — r et - - 203 DY production, B(Hj — ¢r) = 1 14112921
£ | Monotop (non-res prod) Teu 1b Yes 203 Fron-re =02 1410.5404
[S] Multi-charged particles - - - 203 DY production, [g] = 5e 1504.04188
Magnetic monopoles. - - - 7.0 DY production, g = 1go. spin 12 1509.08059
1
Vs=13TeV =
- 10 1 10 Mass scale [Tev]

*Only a selection of the available mass limits on new states or phenomena is shown.

# Small-radius (large-radius) jets are denoted by the letter j (J)

I 13Tev [_]8TeV
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o = m— shingh 2
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RS1(ee.UU). k=0. NR BH, nED=6, MD=4 TeV'
0 1 P 3 4 Tev String Scale (jj)
QBH (j), nED=4, MD=4 TeV/
CMS Preliminary
ADD (ee,py), nED=4, MS
ADD (yy), nED=4, MS
SSM Z'(tn) Jet Extinction Scale
SSM Z'(j)
SSM Z'(ee)+Z'(up)
SSM W'(j)) dijets, A+ LL/RR
SSM W'(iv) dijets, A- LURR
SSM Z'(bb) ——1 dimuons, A+ LLIM
0 1 2 3 4 5  Tev dimuons, A- LLIM
N dielectrons, A+ LLIM
Excited dielectrons, A- LLIM
e* (M=A) Fermions single e, A HNCM
w (?'1(:/\} single p, A HnCM
a (gv) ?:gl) inclusive jets, A+
b* inclusive jets, A~
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Non-SUSY BSM: vast, simply vast...

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: July 2017 fLdt=(32-37.0) b \5=8,13TeV
Model £,y Jetst E?'“ JLdiib] Limit Reference
T T
% ADD Gkk +g/q Oeu 1-4j Yes 36.1 Mo 7.75TeV n=2 ATLAS-CONF-2017-080
S | ADD non-resonant yy 2y - - ee7 |ms 86TV n—3HZNLO CERN.EP-2017-132
2 ADDQBH - 2j - 870 |Ma 89TeV. n-—6 1703.09217
g ADD BH high 3, pr 2leyp 22j - 32 | My 8.2 TeV n=6,Mp =3TeV, rot BH 1606.02265
F  ADDBH multjet - =3j - 36 My 9.55TeV. n—6, Mp — 3 ToV, rot BH 1512.02566
@ RS1Gu =y 2y - - 367 |Gumass 41 Tev CERN-EP-2017-132
5 Bulk RS G — WW — qqlv Tepu 14 Yes 361 [ G mass 1.75 TeV KiMp = ATLAS-CONF-2017-051
2UED/RPP lepu =2b>3) Yes 132 |Kkmass 16 TeV Tier (1.1), B(A0Y - 1) — 1 ATLAS-CONF-2016-104
SSM Z' — & 2ep - - 36.1 2’ mass 45TeV ATLAS-CONF-2017-027
g SSM Z' - tT 27 - - 36.1 Z’ mass 2.4TeV AATLAS-CONF-2017-050
§ Leptophobic Z' — bb. - 2b - 32 |2z mass 15TeV. 1603.08791
S Leptophobic Z* — tt lepu =21b 212 Yes 32 2’ mass 2.0 TeV. rim=3% AATLAS-CONF-2016-014
@ SSMW (v Ten - Yes 361 | W mass 5.17TeV 1706.04785
D HVT V' = WV - qqggmodel B O e,u 29 - %67 |Vimass 35TeV =3 CERNEP-2017-147
‘g HVT V' — WH/ZH model B multi-channel 36.1 V’ mass. 2.93 TeV &y =3 ATLAS-CONF-2017-055
LRSM W, > th e 2b01] Yes 203 14104103
LRSM W, — tb Oep  21b1J - 203 1408.0886
2| Clgqaq - 2j - 370 |A 21.8TeV 1, 1703.00217
o Cltiqq 2ep - - 36.1 A 401 TevV ATLAS-CONF-2017-027
Cluutt 2(SS)zBen b =1] Yes 203 |Crel = 1 1504.04605
Axial-vector mediator (Dirac DM) Oep 1-4j Yes 36.1 Mined. 1.5TeV 85=0.25, g,=1.0, m(x) < 400 GeV | ATLAS-CONF-2017-060
S | Scalar mediator t-ch. (Dirac DM) 0 e, 1-4]  Yes 361 | 1.65TeV g=1, m(x) - m(g) < 500 GeV. ATLAS-CONF-2017-060
8 Vector mediator (Dirac DM) Oeg1y  <1j  Yes 361 |iimea 12TeV 8=0.25, g,=1.0. m(y) < 480 GeV/ 1704.03848
Wy EFT (Dirac DM) Oep 14,21) Yes 32 |me 700 GeV' m(y) < 150 GeV. 1608.02372
Scalar LQ 1* gen 2e =2j - 32 |LQmass 1.4 TeV p=1 1605.06035
ScalarLQ 2™ gen 2u 22) - 32 |lomas 1,05 TeV. p-1 1605.06035
Scalar LQ 3" gen Tleu =1b23] Yes 203 B=0 1508 0+ L Y
@ VIQTT - HE+ X Oortesu 22b>3] Yes 132 B(T— H)—1
-E VLIQTT = Ze+ X 21b,23] Yes 361 BT - 2z)-1
g_ VIQTT - Wb+ X 21b, = 1Ji2) Yes 36.1 B(T — Wb) — 1
g\ VLQ BB — Hb+ X 22b,23] Yes 20.3 B(B - H-
§  VQBB-Zb1 X 22216 - 203
£ vaBB-weix Tes z1b 2142 Yes 361
VLQ QQ — WqWq Tepu z4]  Yes 203
Excited quark g* — qg - 2j - 370
B @ Excited quark g* — qy 1y 1j - 367
% S Excited quark b' — bg. - 1b1] - 133
g E Excited quark b — Wt for2en 1b,20f Yes 203
Excited lepton {* Beu - - 203
Excited lepton v* et - - 203
i
LRSM Majorana v 2eu 2j - 203
Higgs triplet H'* — (¢ 234e5(58) - - a1 o
§  Higgs triplet H** — r et - - 208
£ | Monotop (non-res prod) Ten 10 Yes 203 -
S Multi-charged particies - - - Y 1 2 3 4 Tev
Magnetic monopoles -
: Gravitons
— e s s\ «5T(j), k=0.1
“Only a selection of the available RS1(yy), k=0.1
Small-radius (large-radius) jets ah Py RS1(ee,pp), k=0.1
. “ “ 0 i 2 3 4 Tev

CMS Preliminary
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Physics of Flavor

CP violation, CKM triangle(s)
Rare processes

Windows to new physics? (or lessons in statistics
and/or systematics in theory calculations)?



y-arg(Vy);

aka “the tough one”
aka “the DK angle”
(DK, DK, D*K...)
Tricks to correct for
penguins/FSI...

Flavor Physics: CKM

2)

£ 6000

4000}

Events / ( 10 MeV.

2000,

100000

50000}

LHCb -

preliminary preliminary
B> K B>k KT ]

LHCb

But... Trouble (?)
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E/ 0.45 = Belle, arXiv:1507.03233

LHCb, arXiv:1506.08614
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New: D*K; D*—DnC/y
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Flavor Physics: rare processes (l)

'S
o

==== Semileptonic bkg.
= == Peaking bkg.

alone:
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CMS and LHCD (LHC run 1) Candldates at large BDT response
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LHCb Run 5 projection
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P !

e LHCbdata © ATLAS data
= Belledata © CMS data ]
[ SM from DHMV ]
SM from ASZB

T
l

_1__....

« JHEP 02 (2016) 104
* PRL 118 (2017)

1 L L | L L L L L
5 10 15
2.8 and 3.0 o from SM

72 [GeV?*/c4]

* ATLAS-CONF-2017-023

S. Bifani

CMS-PAS-BPH-15-008

|s there a connection to
the R(D*) issue?

AND to the uuK* angular
distributions?

Some think so; e.g. see
A.Greljo at this conference

(https://indico.cern.ch/event/466934/contributions/2585682/)

<

Flavor Physics: rare processes (ll)

i R(K)=uuK/eeK R(K*)=uuK*/eeK*

-o-LHCb -m-BaBar -a—Belle
2_- T T L T T UL B 2‘07 T T T
C LHCb L
15f 1 St ]
1 | — } 1 1.03 $2 . ]
ot ] e ]
T ] 05 ® LHCDH
: 1 1 1 1 1 - LHCh ngElgCu ]
% 5 10 15 20 0.0
¢ [GeV?/c'] i {izo[GeVQ/ 'l
SM Exp.
Ry 1€l 1.00 + 0.01 | 0.745F09%° + 0.036
Ry.M1=61 11 1,00 4+ 0.01 | 0.6851 0 5s0 + 0.047
Ry 10045111 | 0,91 4 0.03 | 0.6607) om0 4 0.024

Supposedly “clean” observables
But are we ready to give up on universality?
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Flavor: Non-b sector

Hadron Vacuum

Polarisation: effect on g,

Reminder: g-2 effect

CMSSM

JN 2009 —e— -i‘m: g
o g %&ﬁ £
HLVNT 2011 —e—i g mz_ ' i g
_nggﬂiz4%011 —e—i moz_ A XN 68(y0 CL =
DHMZ 2017 (this work) —e— m”: % 950/0 CL -
ll;ﬂi\lls_éE821 (world average) )—-—1 E | N %
06 o0 so0 abs soo 200 roe o T e
a, - aﬁxp x107"
. Muon LFV searches by dedicated
il Y A experiments
g A ” . . .
- . Final MEG upper limit B(u—ey)
i} 7= w | <4210 @90% CL
il 2017: relatively quiet year
Mu3e Phasel O g . .
Exciting times ahead with MEGI|,
1940 19‘60 ;9‘50 ZDIOO 20‘20 Muze, COMET, Mu3e
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Extreme Matter

Evolution: physics studies of matter at its extreme
started with Heavy lons.

Then it spilled over to nucleon-nucleon...
and then to nucleon-Hl...
Emerging picture of describing all three

&6 0 -



Heavy lon Physics

Initial state

Pre-equilibrium

QGP

Soft Probes (strangeness enhancement)

Hadronization

ICHEP'14

Charles Gale

+ Reason behind building a TPC...
Collective phenomena
Suppression phenomena

+ JN (since ~ever in the field) and Y production

Thermal freeze-out

+ Rich physics in Hard Probes (jets vs y/W/Z); a present from RHIC
to the LHC
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From pp to pPb to PbPb

S enhancement

Strangeness increases with multiplicity also in pPb AND in pp

1\

=4 -3

++ ?8X10 l|l| T T IIIIITI T T |llll|[
B
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Heavy lons: collectivity (flows)

Multipole expansion
d°N _ d°N
dyd’p,  dydp;

(P sinng)
(p; cosng)

1423 v (p,)cos@—y,)

n=1

1
Y, = —arctan
n

€3 + e4 + eb

cos2A¢ cos3Ad cos4Ad cos5Ad

“One fluid to rule them all” Charm flows too

P. Romatschke
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Heavy ions: suppression & hard(er) probes

AA ~ d*Naa/dprdy
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The elusive neutrino(s)

The very nature:

Oscillations, more mass generation questions (beyond EWSB?)
Richness of the lepton sector (PMNS, CP violation)
Majorana/Dirac...

Sterile neutrinos?



Number of events

Neutrinos: oscillations (l)
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Neutrinos: oscillations (ll)
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Neutrinos: Reactor expts, Short Baselines

Principle: ‘ maly”
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As fundamental as a question can get

Neutrinos: Majorana/Dirac (0vf)
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Neutrinos: sterile sector (?)

Taking 5 MeV bump
as due to sterile v
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The Dark Sector



The Dark Sector .
An experimental Fact & still a TOTAL mystery

Nightmare scenario: totally dark
+ Only Gravity to play with...

More promising: several (3? 20? more?) shades of grey

astrophysics

Direct indirect
detection detection
colliders
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DM: direct detection experiments (l)

Sensitivity to a 50 GeV WIMP
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DM indirect searches: cosmic ray expts

Positrons: y +x —e* + ...
=800 GeV
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DM indirect searches: y—ray expts
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DM indirect detection: collider expts

q

: o * oo Can interpret all
X [> >£”e.da.‘°r.< E> >_Me_da_‘°r_ resonance searches
in terms of DM
q X q X q q

o St ot e a4 s 20
: , ST i . =

848y - 848y (1+ q +“,)=L(1+q_+...) 0 // /;;‘y@@/
M2 - 612 M M2 A2 M2 5 osf- % e /‘7 ;
Simplified models VIA: 9,=1,94=0.25 ] o N L ;

Axial-vector mediator, Dirac DM ]
9,= 0.25, g= 0, gy, =1
Al limits at 95% CL

P/S gx_gq_1 “5‘()'6““”""1000 : 1500 2000 0'2;') 7 =
Mipeq [GeV] s /1‘7 W ‘

0 0.5 1 15 2 25 3
Mediator Mass [TeV]

q X
90 A 9x CMS Preliminary

_ & 10 T T T Ty A, SRS [/ I L LA | C\E‘
X £ E E - ]
- % 10’35EE \ ]E % 107 %
Z %Z 10”7;5 A !; g 10 .
_ 4 _2-: 108 - D A o °H 3
Mono-jet ! - L= A oo :
] Mono-Z(leptonic) 4 = E 3
a % ‘o) 104"@ 5’5,’\ g 10 E
g E G 3 3
e 999", 3 10+ 3
---" [ Rl a— ﬁg; E
A 107432_ i 107 E
104k 2 10 ]
‘ ? 10k E :
10 E 0 99=0.25, gom=1 E
Mono-photon Mono-tt/bb B R I P T R v

1 10 10° 10° 1 10 10? 10°

Dark matter mass m,, [GeV] Dark matter mass m,, [GeV]

And many many more... Spin-Independent Spin-dependent
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The rest of the Universe

CMB, Dark Energy,
Gravitational physics



CMB & DE

The Planck 2015 CMB polarisation sky

at 5 arc minute resolution
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The Cosmos: GW Wave spectrum

_Cosmic Strings - W’ BH and NS Binaries
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The Cosmos & Grav Waves

LIGO, Virgo and EM partners ApJLs826, L13
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The enablers

Machines
Detectors



Detector developments

4D reconstruction
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Particle Flow
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SC Magnets

Towards a new machine
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Dipole short models

Dipole long models
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16 T dipole indust. prototypes

16 T dipoles preseries

16 T series production

FCC-hh

FCC-ee

CE TL to LHC LHC Modification
Installation + test FCC-hh

Civil Engineering FCi\m_ IlI .--

——— A,

HE-LHC

“Technically limited schedule”

As for next step in energy: driven by magnets... begs for more
investment on this front
And of course on new acceleration methods.
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Some parting thoughts

Instead of a summary of the highlighted highlights...



What if we don’t find new physics
in Run II/Run llI? Fundamentalitis

Fundamentalitis is “a serious condition that causes its victims to
believe that the only thing worth thinking about is the deep nature of
reality as manifested through the fundamental laws of physics.”

+ Two notable examples — from giants of physics: Einstein (well known, on GUT)
and Oppenheimer. Take the latter:

e In 1939 (with Snyder) started BH physics: he showed that an in-falling
observer on the surface of an object whose mass exceeded a critical mass
would appear to be in a state of perpetual free fall to an outsider.

e Then Oppenheimer forgot all about it and never said anything about black
holes for the rest of his life. (Getting distracted by the bomb helped)

+ For Oppenheimer, BHs were mundane: they were but particular solutions of
GR; The big deal was GR itsellf.

Freeman Dyson:

+ “Oppenheimer in his later years believed that the only problem worthy of the
attention of a serious theoretical physicist was the discovery of the
fundamental equations of physics. Einstein .... felt the same way... Once you
had discovered the right equations, then the study of particular solutions of the
e?udatlﬁns;,would be aroutine exercise for second-rate physicists or graduate
students.

+ Similarly, Einstein spent his last few }/ears in a futile search for a Grand Unified
Theory {took things to the ultimate, as far as doubting QM)

Fast-forward in BH physics: Hawking radiation; Bekenstein entropy;
nowadays: link betweéen information theory and BH physics; the
firewall {?)... or non-locality (e9)...

http://blogs.scientificamerican.com/the-curious-wavefunction
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The panorama of particle physics, again

Energy Frontier, the LHC, is en route to
+ Probing the Higgs sector; exploring BSM
+ Completing the physics of flavor in the quark sector
+ Providing a new picture of hadronic matter
+ And on the side: providing important information on DM

Neutrinos: weakly interacting so least known thus far
+ Exciting sneak preview of CP violation? En route to PMNS...
+ Mass generation mechanism beyond EWSB and H...

+ Very promising program of work and experiments ahead

Dark Matter: if it’s some shade of grey, we’ll see it
+ Direct experiments are approaching the neutrino wall
+ Tantalizing hint from astrophysics; LHC complementary

The Cosmos

+ Only place where we can play with gravity; and where densities
can be very high

+ The scientific program being laid out holds tremendous promise

Fundamental measurements
+ They remain so; a surprise can show up at any time
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Warm thanks to the organizers for
a beautiful and stimulating
conference!



