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Introduction




LHC Run 1

CMS Integrated Luminosity, pp, 2012, .5 = 8 TeV

Data included from 2012-04-04 22:38 to 2012-12-16 20:50 UTC
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25 fb-lof 7+8 TeV pp data
Higgs boson found!
= Looks like SM at first glance

Stringent limits set on physics
beyond the SM

Many precise measurements of

SM processes
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ATLAS Supersymmetry Searches

ATLAS Preliminary

ATLAS SUSY Searches* - 95% CL Lower Limits

Status: EPS 2013 [Ldt=(44-229)fb1 5=7,8TeV
Model e T,y Jets ET [Lat[] Mass limit Reference
MSUGRA/CMSSM 0 2-6jets  Yes 20.3 4.8 1.7TeV. m(g)=m(&) ATLAS-CONF-2013-047
MSUGRA/CMSSM 1eu 3-6jets  Yes 203 |& 1.2 TeV any m(g) ATLAS-CONF-2013-062
«»  MSUGRA/CMSSM 0 7-10jets  Yes 203 |& 1.1 Tev any m(g) ATLAS-CONF-2013-054
_0:3 44, g— q)?‘l’ 0 2-6jets  Yes 20.3 q 740 GeV m(#9)=0 GeV ATLAS-CONF-2013-047
[ gE, gﬁqa)”(‘f 0 2-6jets  Yes 20.3 g 1.3TeV m(¥3)=0 GeV ATLAS-CONF-2013-047
S iz E—qatt —qqW=i2 leu 3-6jets Yes 203 |& 1.18 TeV m(E9)<200 GeV, m(¥*)=0.5(m(t3)+m()) ATLAS-CONF-2013-062
D zE-qqqqtl(O)FaTs 2e,4u(SS) 3jets  Yes 207 |& 1.1 TeV M) <650 GeV ATLAS-CONF-2013-007
g) GMSB (? NLSP) 2epu 2-4 jets Yes tang<15 1208.4688
‘@ GMSB ( NLSP) 127 0-2jets  Yes tang >18 ATLAS-CONF-2013-026
=2 GGM (bino NLSP) 2y 0 Yes m(¥2)>50 GeV 1209.0753
£ GGM (wino NLSP) Tepu+y 0 Yes m(¥})>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) b4 1b Yes m(¥9)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 03jets Yes m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes m()>10"* eV ATLAS-CONF-2012-147
S g—bbl3 0 3b Yes 201 |& 1.2 TeV m(E2)<600 GeV ATLAS-CONF-2013-061
[S) g EotEl 0 7-10jets Yes 203 |& 1.14 TeV m(¥2) <200GeV ATLAS-CONF-2013-054
=R E-tth 0-1epu 3b Yes  20.1 g 1.34 TeV m(¥9)<400 GeV ATLAS-CONF-2013-061
o g—btl] 0-1ep 3b Yes 201 |& 1.3 TeV m(¥2)<300 GeV ATLAS-CONF-2013-061
By by, by—btY 0 2b Yes 20.1 by 100-630 GeV m(¥9)<100 GeV ATLAS-CONF-2013-053
w o Dby, by—othy 2e,u(SS) 03b Yes 207 |b 430 GeV m(¥E)=2 m(¥9) ATLAS-CONF-2013-007
=8 #(light), ii—b¥y 1-2eu 1-2b  Yes 47 |& 167GeV m(¥})=55 GeV 1208.4305, 1209.2102
= S f(light) {— Whid 2eu 0-2jets Yes 203 |% 220 GeV m(P) =m(E)-m(W)-50 GeV, m(fy)<<m(¥5) | ATLAS-CONF-2013-048
9',‘8 # £1(medium), ’fl—yt)z? 2e,pu 2 jets Yes 20.3 B 225-525 GeV m(#9)=0 GeV ATLAS-CONF-2013-065
8 # 1 (medium), & —ib)(f 0 2b Yes 20.1 fl 150-580 GeV m()E?)<200 GeV, m(¥7)-m(¥9)=5 GeV ATLAS-CONF-2013-053
S hiiheavy), il Tepu 1b Yes 207 |% 200-610 GeV m(¥3)=0 GeV ATLAS-CONF-2013-037
S O fif(heavy), fioth] 0 2b Yes 205 |% 320-660 GeV m(#9)=0 GeV ATLAS-CONF-2013-024
0D i, Hoohs 0 monojetctagYes 203 |& 200 GeV m(k)-m(P3)<85 GeV ATLAS-CONF-2013-068
, f1(natural GMSB) 2e,u(Z) 1b Yes 20.7 i 500 GeV m(¥3)>150 GeV ATLAS-CONF-2013-025
Hb, hoh+2Z e u(2) 1b Yes 20.7 i 520 GeV m(E)=m(¥)+180 GeV ATLAS-CONF-2013-025
IRl I-E0) 2e,u 0 Yes 203 |7 85-315 GeV m(2)<0 GeV ATLAS-CONF-2013-049
= E x5 () 2eu 0 Yes 203 |i; 125-450 GeV m(#9)=0 GeV, m(Z, #)=0.5(m(¥7 )+m(t3)) ATLAS-CONF-2013-049
s XA, X >5v(r) 27 0 Yes 207 |X7 180-330 GeV m(¥3)=0 GeV, m(#, 7)=0.5(m(¥1 )+m(¥3)) ATLAS-CONF-2013-028
S GBIV, L) 3eu 0 Yes 207 |X ) 600 GeV mF:)=m3), m(F?)=0, m(Z, 7)=0.5(m(¥7 )+m(¥?)) ATLAS-CONF-2013-035
BEB-WwBz 8 3eu 0 Yes  20.7 if.)'(ﬁ 315 GeV m(E})=m(¥3), m(¥3)=0, sleptons decoupled | ATLAS-CONF-2013-035
B o Direct ¥117 prod., long-lived ¥;  Disapp. trk 1 jet Yes 203 |# 270 GeV m(EE)-m(7) =160 MeV, r(¥$)=0.2 ns ATLAS-CONF-2013-069
= % Stable, stopped g R-hadron 0 1-5jets  Yes 22.9 g 857 GeV m(E9)=100 GeV, 10 us<7(&)<1000 s ATLAS-CONF-2013-057
ST GMSB, stable 7, )??H;(é,p)n(e, u) 1-2p 0 - 15.9 10<tanB<50 ATLAS-CONF-2013-058
S 8 GMSB, ¥y, long-lived ¥ 2y 0 Yes 47 0.4<r(¥)<2 ns 1304.6310
~ )}?qqqﬂ (RPV) 1u 0 Yes 4.4 1 mm<cr<1 m, g decoupled 1210.7451
LFV pp—¥r + X, ¥r—e +pu 2epu 0 4.6 A3;,=0.10, 113,=0.05 1212.1272
LFV pp—i: + X, r—e(u) +1 e+t 0 46 A4,=0.10, 41(2)33=0.05 1212.1272
> Bilinear RPV CMSSM Teu 7 jets Yes 4.7 m(g)=m(g), ct.sp<1 mm ATLAS-CONF-2012-140
& 0 oW et euf. 4o 0 Yes 207 760 GeV m(E2)>300 GeV, A1y >0 ATLAS-GONF-2013-036
XX, X W X115, ety, 3eu+T 0 Yes 20.7 m(¥9)>80 GeV, 413350 ATLAS-CONF-2013-036
£—4qqq 0 6 jets - 4.6 1210.4813
g—tit, hi—obs 2e,u(SS) 03b Yes 207 880 GeV ATLAS-CONF-2013-007
© | Scalar gluon 0 4 jets 4.6 | sgluon  100-287 GeV incl. limit from 1110.2693 1210.4826
<= WIMP interaction (D5, Dirac ) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
Vs=8TeV 107! 1

*Only a selection of the available mass limits on new states or phenomena is shown. All Iimitsgeoéecia]rjﬁ)iel/ead}lnuijémseifil'I%%;nalOcrﬁfecan;Tﬁceeﬂﬁy by CMS
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CMS Exotics Searches

CMS EXOTICA 95% cL excLusion Liims (Tev)
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Run-1 Publications

= ATLAS and CMS have published
510 papers based on run-1 collision
data to date

= Split about 50/50 between
searches and measurements

= Expect >100 more per experiment
on run-1 data

= as 7 and 8 TeV analyses finish

= Behind every paper there is a
PhD thesis!

= Often more than one...
= Huge interest in the field

= Higgs observation papers have
>1300 citations each

= they are merely one year old! 6

ATLAS - Type of Paper




US role in LHC, ATLAS and CMS

= US has made critical contributions to LHC machine
= E.g. Inner Triplet magnets
= US is single biggest collaborator in both ATLAS and CMS
= ATLAS: 583 US authors (20% of total)
= 175 US graduate students
= CMS: 678 US authors (31%)
= 247 US graduate students
= US Contributions

= Major contributions to design, construction and operation of
most subdetectors

= Making major impact on physics analyses
= Providing leadership in all areas



Future Plans for LHC and

ATLAS and CMS Detector Upgrades



LHC Roadmap

2009 . LHC startup, Vs 900 GeV
2010 A
2011 Vs=7+8 TeV, L~6x10®cm3s", bunch spacing 50ns Run 1

2012 ~25 b
2013 )

sota tsi < Go to design energy, nominal luminosity - Phase 0

2015

2016 Vs=13~14 TeV, L~1x10*cm?3s", bunch spacing 25ns Run 2

2017 ~75-100 b
2018 LS2 & Injector + LHC Phase | upgrade to ultimate design luminosity

2019

Vs=14 TeV, L~2x10*cm=2s", bunch spacing 25ns
2021
2022 1S3 HL-LHC Phase |l upgrade: Interaction Region, crab cavities?

I Vs=14 TeV, L~5x10*cm=2s", luminosity levelling

~350 fb™

20307




LHC Roadmap

Average # of
simultaneous
2009 ~ LHC startup, Vs 900 GeV pp collisions
2010
2011 Vs=7+8 TeV, L~6x10%cm?s, bunch spacing 50ns
20
2012
2013
sota Lst «  Go to design energy, nominal luminosity - Phase 0
2015
2016 Vs=13~14 TeV, L~1x10*cm2s", bunch spacing 25ns ~25

2017
2018 Injector + LHC Phase | upgrade to ultimate design luminosit
2019
Vs=14 TeV, L~2x10*cm?s", bunch spacing 25ns ~50-80

2021

HL-LHC Phase |l upgrade: Interaction Region, crab cavities’

~140

20307 V=14 TeV, L~5x10%cm?s", luminosity levelling




Detector Upgrades

= Detectors will need to be upgraded to be able
to cope with higher luminosity, e.g.

= Improve trigger capabilities

= petter discriminate the desired signal events from
background as early as possible in trigger decision

= Upgrade and/or replace detectors as they e.qg.
= Cannot handle higher rate due to bandwidth limitations
= Suffer from radiation damage making them less efficient

78 (1) e e
verticeN

. —— .

11




Detector Upgrades: Phase-0, Phase-l and Phase-I|

Phase-0

4" Si Pixel layer (IBL)
Complete muon coverage
Repairs (TRT, LAr and Tile)

New beampipe and
infrastructure updates

Phase-|

Fast Track Trigger (FTK)
Muon New Small Wheel (NSW)
LAr cal. electronics

Phase-I|

New pixel and strip tracker
Calorimeter

Muon system

Trigger system

Computing

= Phase-0

Complete muon coverage
Colder tracker
Photodetectors in HCAL

New beampipe and
infrastructure updates

= Phase-|

New Si pixel tracker
L1 trigger upgrade
HCAL electronics

= Phase-l|

New pixel and strip tracker
Calorimeter

Muon system

Trigger system

Computing
12



Tracking during Phase-2

= New inner trackers needed after 300 fb™’

= Performance as good or better than current detectors
even for 140 pp interactions per crossing

Strips

Pixel-
strips

Pixels

£ [mn]

0.0 0.5 1.0 1.5 2.0 25 3.0 3.5

0.0 0.2 04 06 08 0 1.2 14
"= CMS X :| : : l|
S B | |
oyl !
wol—

200:_— J | |
=i o ]

Possible tracker layout with forward pixel disks

Light jet rejection

L L L B
: ATLAS Simulation pileup=0, ITk
1 03 L © pileup=50, ITk
= a. o pileup=140, ITk
A"‘\A.\ pileup=0, IBL
102 B A A pileup=50, IBL
it, IP3D+SV1
10 =
. !
b.5 0.6

T T. Be
1.0

b-jet efficiency

b-tag €e=70%
light q rejection: 120
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Jet and Etmiss

resolution at high pileup

& C Pythia8 QCD dijets (2~2) ' ATLAS Simulation Preliminary '] > 140; ATLAS Simulation Pr'e"m'inar'y
o - nti-k, EM+JES, R=0.4 —
§ 0'6:_ g<h]l<0.3 25ns bunch crossing _: % 120f ;’g/thlas Z :tt (m,. —2p;|;eu\r{) (s=14TeV ]
is E \s=14Tev -e- (0=0,0""P=30) § O F T <Mu>n208pac'n9 Onoise. (W=(W))
e R (w=do,0 P=a0) 3 2 100 o )60 g
£ 04 —— (w)=60, 0" b)) 4 3 [ & (=80 g
|Cb| \ <M> 80, o P"e up( ) E E 80 —-A'—<pt>=140 A ,\Hf,;u’ﬁ’ff r# ]
o = o-u - 2] S ‘J?W*”LA* et AT
= 5~ 3 —e— (u)=140, (’Z..:sz( =140) 7 £ > 60l AT o o ]
% 020"~ —=— (u)=200, ¢ e(“=2°°)—: p é’%ﬁéﬁéwﬁ .
i - , 1 W 40 goeee” (E™)=s+k|x E,
- T R 20[- ]
030 4050 100 200 300 000 0 50002000 ~5000
Pr" [GeV] S E, [GeV]
T
= Jet and E;™ss resolution degrades moderately with
Increasing pileup
= Performance still sufficient for physics measurements and
searches
more details: see talk by A. Schwartzman
14

in QCD parallel session Saturday



Jet countmg and substructure at high plleup
10 [T [ ' [ '

> ‘ATLASS jation Preli . g 0-227 ] ]
= imulation Preliminary 1 o = ATLAS Simulation Prellmlnary ]
:L:) | Pythia8 dijets (QCD 2 — 2) —e— LCW _ "E 02 - anti-k, LCW jets with R=1.0, 0 <Inl < 1.2 =
g- |_anti-k, R=0.4, {s=14 TeV —m— LCW + jet area L 0.1 8 —_Trimmed —@— <u>=0, ¢" " P(<u>=30) _:
5 P, >40 GeV, lm|<2 1 _+_ . 8 E Vs=14 TeV, 25 ns bunch spacing o ~ E
£ (=140, 7 P(u=140) - N 0.16F 500 <" <750 Gev R e
v 6 | 25ns bunch spacing e 7 -C_;G 0.14F Pythia8 Z' — ff (m,, = 2 TeV) —E <u>=80, 0" P(<u>=80)
Qo - — s = - W <u>=140,0""P (<cu>=140) .
~~ - —— . __ _]
i . i 0.08 - g
- - - 0.06 =
2r ++ ] - ]
_ . i 0.04 -
o - :_ _:
i _._+—F~—l——l——l|—+—'—'—|_" 0.02 - .
0 Co ! L 1 ° [T R N M ... ss o

100 120 140 160 180 00 100 200 300 400 500
Truth vertex multiplicity N m*® [GeV]

= Jet multiplicity is controlled with clever pileup suppression
techniques

= Jet substructure can still be resolved thanks to “trimming”
techniques
= |[mportant for searches with boosted massive objets (e.g. top, W, H) 15



Future Prospects for New Physics Searches

16



Many questions follow from Higgs discovery!

= |s it the Higgs boson?
= Does it couple to matter exactly as predicted?
= Does it couple to gauge bosons exactly as predicted?
= Are there more Higgs bosons?
= Does the Higgs boson decay to non-SM particles?
= E.g. to Dark Matter?
= How do bosons interact with each other?
= Does Higgs boson contribute as expected in SM?
= Are there new gauge groups?
= What protects the Higgs mass from being mp_,,.?
= |s Nature Supersymmetric?
= |s Dark Matter a SUSY particle?
= Are there new generations of fermions?
= |s there some other new dramatic physics coming in at the TeV scale
= Are there extra dimensions of space?

= |s there a new strong interaction? 7



Many questions follow from Higgs discovery!

Is it the Higgs boson?
= Does it couple to matter exactly as predicted?
= Does it couple to gauge bosons exactly as predicted? Tﬂlk
= Are there more Higgs bosons? Xt
Does the Higgs boson decay to non-SM particles?ﬂe
= E.g. to Dark Matter?

How do bosons interact with each other?
= Does Higgs boson contribute as expected in SM?
= Are there new gauge groups?
What protects the Higgs mass from being mg,,,..? ll‘
= |s Nature Supersymmetric? , Tﬂ
= |s Dark Matter a SUSY particle? Tbls
= Are there new generations of fermions?
= |s there some other new dramatic physics coming in at the TeV scale
= Are there extra dimensions of space?

. . 18
= |s there a new strong interaction?



Studies of Future Physics Prospects

= Studies have been performed for Vs=14 TeV for integrated
luminosities of 300 fb-!' (LHC) and 3000 fb-! (HL-LHC)

= Many were done a year ago for European Strategy study
= Many new studies done newly for this Snowmass meeting
= Studies should be considered conservative

= Analyses were based on parametric simulation (ATLAS) or
extrapolated from Run-1 (CMS) for a given set of cuts

= Much less elaborate than current Run-1 analyses

= Better results can be obtained when cuts are reoptimized
= Gain by making cuts harder to reject more background

= Various treatments of systematic uncertainties studied to
provide range of predictions

= See talk by M. Klute

CMS and ATLAS white papers:
arXiv:1307.7135 and 1307.7292 "



How do bosons interact with each other?

2N Terms which grow

w w w wow w , E )
A= g with energy cancel
2 M
zZy W for E >> My
W+ W+ W+ W'l- W-l- W-l-

w w . . 2
"'\;MN*' Y " A~—g? E This cancellation
W M Y M, _ requires My < 800 GeV

In SM there is an exact cancellation between terms for
longitudinal vector boson scattering

= Cross section does not grow with energy due to Higgs

Long history of studying trilinear gauge couplings at LEP and
Tevatron

= Excellent probe of structure of EWK interaction
LHC allows for the first time study of quartic couplings

= Understand if Higgs boson plays the expected role in this
area 20



= 3-boson production, e.g. Zyy

Entries

Probing Quartic Gauge Boson Couplings
= Vector boson scattering: ZZ, WZ, W*W+, ...

Y4

Y4

Y4

Y4

35

30

. —
ATLAS Simutation Pretiminary [l ves 2z (sw) 3
~ SMVBSZZ + 3

IL:3000 '

7. C

oW
SM ZZ QCD

= 15/TeV2

o

0.2

0.3

0.4

0.5 0.6 0708

1
m,, [TeV]

Entries/Bin

Z
X ¥
Y
IllIlIIIlIllIIIIIlIIIIIIllIIIIIllIIIIIIIIIIIIIII
45 ATLAS Simulation Preliminary
—8 17,/ A%= 0.4 oV
40
—8-SM
35 - Zyd

)

25 J. L dt = 3000 fb":
20 Vs= 14 TeV

9.4 25 2.6 27 28 29 3 3.1 32 3.3 34
log10 M(I'Tyy) [GeV]



Quartic Gauge Boson Couplings

= Use framework of effective operators to parameterize
new physics as quartic coupling, e.g
= ZZ: dimension-6 operator  Lyw = =5 Tr(W*'Wy,)' ¢
= Zyy: dimension-8 operator ., - %BaﬂguﬁBBvaa

= |[f new physics discovered with 300 tb™' can measure
coupling with 5% accuracy with 3000 fb-"

-y
o

| ATLAS

9 Simulation

—t

.O-LNCO-&({IO')\IG)(D”O
|
|
|
|
|
|
|
|
i

—3000 fb! —3000 fb”

Significance [o]
Significance [c]

—300 fb! —300 fb'

ATLAS
Simulationd
Preliminary

Cyw/A® (VBS ZZ-I'ITT) [TeV?) /A% @yy—ITyy) [TV -



What protects Higgs mass from being mp .. ?

= Known possible answers:
= SUSY: top squark at m<1 TeV —--H---Q---H---
= ... and gluino with m<3 TeV t
= vector-like top quarks PN
= e.g. Little Higgs theories o4 Ih ]
= extra spatial dimensions or some mm e dmeg e

other dramatic new physics at a
mass scale of a few TeV

= Can directly search for these particles at LHC!

= |f we see nothing at LHC the electroweak scale is

finetuned at ~1% level
23



SUSY particles and processes

= Produced directly or in
gluino decays r ’a\& o

= if gluino mass low enough

= Decay via top quarks or
via charginos to final
states of W's and b’s

= Gluinos
= Decay via jets + E;Miss
= Meta-stable case

= Charginos and
neutralions

= Trilepton signature

b
= Top squarks p>,z/ o . p>;f ‘4\
b

24



0 [G eV]

<

m_

Run-1 constraints on top squarks

0-g production, g—tt ’;Z?

~r~ . o~ ~0 ,~ ~0 , &~ ~0 .
t1t1product|on,t1—>tx1/t1—>be1/t1—>cx1 Status: EPS 2013 > T T T T T T T T T T
:( T 11 | T T T T | T T7T | T 17T | T T 17T I T T TT | : [) 900 _—CMS Preliminar _1_—
o 10} N Y = SUS-12-024 0-lep (F+H,) 19.4 fb™' ]
400—ATLAS Preliminary L =20-21 10" 15=8 TeV Ly=47m"\s=7TeV @ " (s =8 TeV —— SUS-13-007 1-lep (n > 6) 19.4 b ]
= — 175} L — jets -]
T EmoLi-ty OL CONF-2013-024 OL [1208.1447) . © 800 — — a g 1 —]
350— =miL t”:_,t; 1L CONF-2013-037 1L [1208.2590] _ S - EPSHEP 2013 SUS-13-013 2-lep (SS+b) 19.5fb™
: ==L ’t:—» t ib 2L CONF-2013-065 2L [1209.4186] : (0[3 - Observed susy =— SUS-13-008 3-Iep (3|+b) 19.5 fb-1 1
- EmoLi- W‘b%? 2L CONF-2013-048 . - -1 700 - Observed -1 Otheory ]
300 5 oL mono-jetic-tag,fi— ¢ 3 OLmono-jetictag CONF-2013-068 - ] - - - Expected \oQ\ 1
- CDF 2.6 b [1203.4171] ] 600 L & ]
- x .
[ =—— Observed limits Observed limits (-10,,,,) ==* Expected limits ] N\ S A < iotinraini ]
250— s — - ]
C - 500 S \ ]
- — ]
200/ - - ' .
- T s ] 400 : -
C . ] o T ) \ .
— — 1 .
1501 : 300 g \ i ]
~ : T N H II :
_ [ 'I 1
100 = 200 ' :
. ' ' v
— 1 =)
50 ] 100 I. : ]
7, _| ‘| ] -
— | —
y 8 | = O L | I: 111 | 111 I ‘ 111 | L1l
200 300 400 500 600 700 600 700 800 900 1000 1100 1200 1300 1400 1500
my [GeV] gluino mass [GeV]
’

= Vigorously probed using many different analyses
= However, pretty natural scenarios still allowed, e.g
= M(g)=1.5 TeV, m(t)=300 GeV, m(LSP)=150 GeV
= LHC (and HL-LHC) will be able to discover such scenartes



Gluino reach if decay via top/bottom

CMS Prel CMS Preliminary

el L B B L N sW0r— T
& 1600 - PP 88, Gt A & 1600 - PP 8. T bBE, 3
% I Based on SUS-13-007 = g [ Basedon SUS-12-024 ]
£ 1400 - Estimated 5o discovery reach E 1400 = Eqtimated So discovery reach E
1200 - __grev,20m' 0000 e = 120 & __grev,om' 000 .
1ooof— ----- 14 TeV, 300 f5’ e - 1000 | -----14 TeV, 300 f&' P
800 - = %0 £ =
ol E -
15 3 =™ ¥
N R IR I P I I B Y . A BN BN
600 800 1000 1200 1400 1600 1800 _ 2000 600 800 1000 1200 1400 1600 1800 _ 2000
my [GeV] my [GeV]
= With 300 fb-" will reach about 2 TeV in gluino mass
both in top- and b-decay signatures
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Top squark discovery potential

CMS Preliminary

= Challenging analysis due s grr—r—rr—r—r—mmr— atae-

ol vt T —— i

to large top background | sEEERRe | S s
= Systematic uncertainties w00
matter 300

= 300 fb": 200

= Discovery up to 800-900 N
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Bottom squark discovery potential

CMS Preliminary
S!Goo_ll|llll|lll|||lll| ||||||||||||||||||||||||||||||| ]
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= Sbottom also supposedly light due to mixing with stop

= Discovery with 300 fb-' for masses up to 600-700 GeV

= Scenario A: syst. errors as today
= Scenario B: syst. errors scaled with 1/vL (but at least 10%)
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Generic Squarks and Gluinos

> (0 "~ T T T T T T T T T T T T T Squark-gluino grid, M p= 0. Vs=14TeV METNHT>15GeV'?
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= Search for large E;™ss and large M
Current limit ~1.2 TeV at 95% CL.:

= Will be extended to 2.3 (2.7) TeV with LHC (HL-LHC) if
we don’t discover it

= Discovery potential extended by 400 GeV with HL-LHC
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Weak SUSY Production

= Further motivations for new physics at weak scale
= Unification of couplings, Dark Matter, ...
= E.g.in “split-SUSY” squarks are heavy but gauginos
are at ~low mass
= Search for those directly

;‘300_IIII|IIII|IIIIIIIIIIIIIIIIIII—
. é T ATLAS Preliminary ==== Observed limit (+1c5.>")
= Classic search ool [ Lite20715)imsTov e Epink ey
i if 7~CZ—>W(') 7(? z" %T _ ATLAS 13.0 b, \s =8 TeV _|
. . . B L= My 7 Alllimits at 95% CL i
= Chargino+neutralino production . ™™ =

150 — s
100 |-

50 )

Current limits not yet very restrictive, e.g. no
constraints for m(LSP)>100 GeV o



Future Prospects for Weak SUSY Production

> C ATLAS Simulaton | ' IR

T T l 3 (oﬁ 700: Ys=14 TeV ]

— 8 TeV, 20 5" 3 . - wmsen 3000 fb™, 95% exclusion limit .
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= Probe chargino masses of ~500 GeV with 300 fb-"
= for m(LSP)<100-200 GeV

= Dramatic improvement with HL-LHC:
= Reach >800 GeV for m(LSP)<300 GeV
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Metastable Gluinos and Staus

= Metastable sparticles occur in many scenarios of new physics
= E.g. Split-SUSY g, GMSB stau,

CMSProjecmnsa!E 14TeV CMSProjemonsalE 14TeV
= 10— T 5 10g— ——3
g Gluino (f=10%) g 3 " stau (direct) =
> Th pred. (NLO+NLL) - ——— Thpred. ]
) 1 — 3001b.:-dE/dx+TOF % 1 —— w)fb’-dEldx+TOF§
: Lompesnl g Lo
'6101 . —=— 3000 fo"* - TOF only g 40 —=— 3000 fo'- TOF only |
5 gluino 510°F 3
© o - .
102 102E stau -
10°F 3 10°F :
104¢ : 100k h
o : ; :
10 E E 10°¢ E
10° 501360200 20003500 10'65- i
Mass (GeV/c2) 500 1000
Mass (GeV/c2)
IM(g)[TeV] |M(1)[TeV]
Run-1 data 95% CL limit >1.0 0.27
300 fb-! 50 discovery 1.8-2.0 ~0.8

3000 fb-' 50 discovery 2.1-2.3 ~1.2 32



Vector-like Top Quarks

3 MLl LLLEY LR LR RN LELLY ELLLY LUURY K,

o ' Vector-like 8o ~
g i Top 8U(2) Singlet (X.T) Doutlet |
goz-— —T—=Wo —T—Wb -

—T—=2 —T—=2
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04

02—
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= Colored spin-1/2 fermions my [GeV]

= transform the same for left- and right-handed under EW
gauge group

* Provide alternative solution to little hierarchy problem

= Appear in many BSM models, e.q.
= Little Higgs, Extra Dimensions,... 33
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Vector-like Top: Present
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Currently probing up to about 600-800 GeV 3



Vector-like Top: future

, CMS projection {s=14 TeV > 1 leptons
= 10 =
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o - --- sensitivity for 20/fb
10 — o(pp— TT) at 14 TeV
- -~ sensitivity for 300/fb
1= -@- sensitivity for 1000/fb
- === sensitivity for 3000/fb
L 0.
10T 0., " ...
= M., O a0 g
S DN TR T ST SEE SO
10-2 §_ ....................
10'3 i | | I I | I | | I | | | I | |
600 800 1000 1200 1400
M, [GeV]

= Probe >1.5 TeV with 3000 fb’ 3s



Rare decays of the top quark

Process SM QS 2HDM | FC 2HDM | MSSM R TC2 RS
t—uy | 37x10°10 | 75x 109 | — — 2x10° [1x10°] — [~101
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Is there some other new physics coming in

dramatically at the TeV scale?

= E.g. large or warped extra dimensions provide alternative
solution to naturalness problem

= Bring Planck scale down to TeV scale
= Main signatures
= Resonances of dilepton, diphoton, ditop production
= via KK graviton or KK gluon exchange
= Also common signatures for extended gauge groups (Z')
= Monojet or monophoton
= Due to graviton emission
= Many hard particles
= Black holes
= All of them are pursued in run-1 data analyses
= Future prospects for dilepton and ditop resonances 37




Dilepton resonances: limits

= Current limits are on oxBR

are ~0.3 fb

= Expect to improve by a factor

of ~100 with HL-LHC

= Probe Z'qq), up to masses of

7.8 TeV

95% CL limits on:

Z’->ee Z’->up
(TeV) (TeV)

Run-1 data 2.79 2.48
300 fb-? 6.5 6.4
3000 fb-! 7.8 7.6
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Dilepton resonances: discovery potential

e*e” channel CMS Projection, 14 TeV
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Ditop resonances:

= Current limits are on oxBR
are ~0.1 pb

= Expect to improve by a factor
of ~100 with HL-LHC

= Probe KK gluons up to
masses of ~6.7 TeV

95% CL limits on:

Run-1 data 1.8 2.0
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3000 fb" 5.5 6.7
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Many questions follow from Higgs discovery!

= |s it the Higgs boson?
= Does it couple to matter exactly as predicted?
= Does it couple to gauge bosons exactly as predicted?

= Are there more Higgs bosons?

= Does the Higgs boson decay to non-SM particles?
= E.g. to Dark Matter?

= How do bosons interact with each other?

= Does Higgs boson contribute as expectedjn SM?
= Are there new gauge groups? M
= What protects the Higgs mass from be ﬁ@, > hnck

= |s Nature Supersymmetric?
= |s Dark Matter a SUSY particle?
= Are there new generations of fermions?
= |s there some other new dramatic physic
= Are there extra dimensions of space?
= |s there a new strong interaction?




Do we have to know results from 13 TeV

run to decide on HL-LH(C?

= Compare scenarios depending on what we
know by 2017

= Assume about 50 fb-! by 2017 analyzed

Observation in 2017 Want
HL-LHC?

A Found 50 excess in data in at least one BSM signature
B Found 30 excess in data in at least one BSM signature
C Found no excess in data >20 but deviation in Higgs by 30

D Found no excess in data and no deviation in Higgs either
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Do we have to know results from 13 TeV

run to decide on HL-LH(C?

= Compare scenarios depending on what we
know by 2017

= Assume about 50 fb-! by 2017 analyzed

Observation in 2017 Want
HL-LHC?

A Found 50 excess in data in at least one BSM signature W

B Found 30 excess in data in at least one BSM signature

C Found no excess in data >20 but deviation in Higgs by 3o W

D Found no excess in data and no deviation in Higgs either

43



Do we have to know results from 13 TeV

run to decide on HL-LH(C?

= Compare scenarios depending on what we
know by 2017

= Assume about 50 fb-! by 2017 analyzed

Observation in 2017 Want
HL-LHC?

A Found 50 excess in data in at least one BSM signature

B Found 30 excess in data in at least one BSM signature W

C Found no excess in data >20 but deviation in Higgs by 30

D Found no excess in data and no deviation in Higgs either
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Do we have to know results from 13 TeV

run to decide on HL-LH(C?

= Compare scenarios depending on what we

know by 2017

C

Improve precision on Higgs couplings by
factor 2-3

First chance to study Higgs self coupling
Significantly extend reach for new physics
In many areas

Capitalize on major past investment and
iIncrementally upgrade working machine
and detectors

D

&

Want
HL-LHC?

Found no excess in data and no deviation in Higgs ei

v/
%
0
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European Strategy

= |n 2012 European Strategy convened to plan
the future of particle physics in Europe

= Endorsed by CERN council in May 2013

Europe’s top priority should be the exploitation of the full
potential of the LHC, including the high-luminosity upgrade of
the machine and detectors with a view to collecting ten times
more data than in the initial design, by around 2030. This
upgrade programme will also provide further

exciting opportunities for the study of flavour R»

physics and the quark-gluon plasma.

European Strategy
Update
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= LHC run-1 has been tremendous success
= Higgs discovery and severe constraints on BSM physics
= >500 publications on vast range of topics
= Future LHC running will be even more exciting
= Probe Higgs boson precisely (see M. Klute's talk)
= Significantly extend discovery reach for BSM physics
= |s EWK scale natural?
= HL-LHC natural next step to fully exploit LHC
= Capitalize on major past investments
= Significantly extends LHC potential
= Regardless of additional LHC discoveries!
= Upgrades needed to LHC machine and ATLAS and CMS
= Construction should start in 2017 to be ready for 2022
= US is a very important partner in this global endeavor 47



Backup Slides

48



Monoleptons: W’ and Dark Matter
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= W’ discovery potential increased to 6 TeV for 3 ab™’

= Also probe dark matter cross section:
= Improvement from 300 fb-! to 3000 fb-': factor 3-5
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= 3000 fb! delivered in the order of 10 years
= High “virtual” luminosity with levelling anticipated

= Challenging demands on the injector complex
= major upgrades foreseen (Linac 4, Booster 2GeV, PS
and SPS)
L[10°** cm2s!]
20—

\ no leveling w peak 2x10°° cm2s°}
15}

5 x 1034 cm2s-1 levelled luminosity
3 fb-! per day
~250 fb-1 lyear

10 ¢ _
leveling at 5x10°* cm™s™

- nominal

2 4 6 8 10 12 14 f[h]
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Run-2 Physics Cross Sections

| ratio of 14 TeV to 8 TeV cross sections at the LHC |

WJS2013

100 —————y - s T
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= |ncrease in cross section by factor ~10 for M~2 TeV
= Discovery of TeV scale particles possible with a few b’
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