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What Do we know?

A view of the physics situation
after Run 1

Theory

Beyond Standard Mode

Standard Model

Observation

Accelerator ~  Accelerator ~  Telescopes
Direct searches Precision
measurement

Consolidated the Standard Model

— Immense set of measurements at 7-8 TeV
* Precision measurements in EW and QCD
* Rare processes, very sensitive to New Physics, like B,>pp decay)

Completed the Standard Model: Higgs boson discovery
— ~5 g from each of H>vyy, H>Ivlv and H>4l per experiment
— ~3 o from H>71T1 and ~3 o from W/ZH->W/Zbb per experiment

— Potential segara’rion 0+/2+ and pure O+/0O- at 40 level by
combination:

— Some couplings to 20-30 %




Su ers

ATLAS SUSY Searches*

mmetry search

95% CL Lower Limits

es

ATLAS Preliminary

Status: SUSY 2013 [Ldt=(46-229)for +5=7,8TeV
Model e T,y Jets ET™ [Ldii] Mass limit Reference
MSUGRA/CMSSM 0 2-6jets  Yes 203 68 1.7 TeV m(g)=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM 1eu 3-6 jets Yes 20.3 g 1.2 TeV any m(g) ATLAS-CONF-2013-062
» MSUGRA/CMSSM 0 7-10jets  Yes 20.3 g 1.1 TeV any m(g) 1308.1841
S g aﬁq;& 0 26jets  Yes 203 |d& 740 GeV m(E9)=0 GeV ATLAS-CONF-2013-047
© gE, g—>qu 1 0 2-6jets  Yes 20.3 [3 1.3 TeV m(t?)=0 GeV ATLAS-CONF-2013-047
S &8, E—qqti —qqW= )(1 1epu 3-6jets  Ves 20.3 g 1.18 TeV m(¥3)<200 GeV, m(F*)=0.5(m(¥3)+m(2)) ATLAS-CONF-2013-062
@« g, gﬂgq(///f\//vv)xl 2eu 0-3 jets - 20.3 [3 1.12 TeV m(F9)=0GeV ATLAS-CONF-2013-089
Q  GMSB (! NLSP) 2epu 2-4jets  Yes 47 |& 1.24 TeV tang<15 1208.4688
) GMSB (7 NLSP) 1271 0-2jets  Yes 20.7 g 1.4 TeV tang >18 ATLAS-CONF-2013-026
2 GGM (bino NLSP) 2y - Yes 48 |E 1.07 TeV m(¥9)>50 GeV 1209.0753
£ GGM (wino NLSP) Tepu+y Yes 48 |& 619 GeV m(¥%)>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 48 |& 900 GeV m(¥3)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 03jets Yes 5.8 = m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(g)>10"* eV ATLAS-CONF-2012-147
g S g—»bb)(ul 0 3b Yes 20.1 g 1.2TeV m(¥?)<600 GeV ATLAS-CONF-2013-061
> g gttt 0 7-10jets  Yes 203 |& 1.1 TeV m(¥)) <350 GeV 1308.1841
T g—>tt/\/1 0-1e,u 3b Yes  20.1 g 1.34 TeV m(¥3)<400 GeV ATLAS-CONF-2013-061
@ %0 g— bty 0-1epu 3b Yes  20.1 g 1.3TeV m(¥7)<300 GeV ATLAS-CONF-2013-061
B b1, bl—»b)(l 0 2b Yes  20.1 by 100-620 GeV m(£9)<90 GeV 1308.2631
0o b1 by, by—tiy 2e,u(SS) 03b Yes  20.7 by 275-430 GeV m(¥})=2 m(@?) ATLAS-CONF-2013-007
= S #H(light), tlabk/l 1-2epu 1-2b Yes 4.7 2] 110-167 GeV m(i7)=55 GeV 1208.4305, 1209.2102
g % 1 # (light), 71— th 2eu 0-2jets  Yes 20.3 3 130-220 GeV m(¥3) =m(E)-m(W)-50 GeV, m(,)<<m(¥7) | ATLAS-CONF-2013-048
gg tl # (medium), tl—»r,vl 2epu 2 jets Yes 20.3 iy 225-525 GeV m(¥?)=0 GeV ATLAS-CONF-2013-065
S5 # #1(medium), tlﬁbz\/l 0 2b Yes  20.1 b 150-580 GeV of?)<2ooeev m(F})-m(¥3)=5GeV 1308.2631
%E #1 %1 (heavy), tl—n;!& Tepu 1b Yes 20.7 t 200-610 GeV m(¥9)=0 GeV ATLAS-CONF-2013-037
5 O Hij(heavy), hoth] 0 2b Yes 205 |h 320-660 GeV m(i9)= 0GeV ATLAS-CONF-2013-024
D t1 t1, t1—‘<‘/Y(1) 0 mono-jet/c-tag Yes 20.3 T 90-200 GeV m(F)-m(¥)<85 GeV ATLAS-CONF-2013-068
# fi(natural GMSB) 2eu(2) 1b Yes 207 |@ 500 GeV (}?)>150 GeV ATLAS-CONF-2013-025
b, hoth+2Z 3eu(2) 1b Yes  20.7 2 271-520 GeV m(E)=m(¥3)+180 GeV ATLAS-CONF-2013-025
tL R(’L v 2eu 0 Yes  20.3 7 85-315 GeV m(¥3)=0 GeV ATLAS-CONF-2013-049
s )(#)(1 ,X+~>{’v((’v) 2epu 0 Yes  20.3 )Ei 125-450 GeV m(F9)=0 GeV, m(Z, )= o 5(m(¥;)+m(¥3)) ATLAS-CONF-2013-049
= O XX X1 —=#v(?) 27 - Yes 207 |X; 180-330 GeV m(¥3)=0 GeV, m(#, #)=0.5(m(¥7)+m(¥})) ATLAS-CONF-2013-028
w3 Xl)( ﬁml&g(w) VELL() 3epu 0 Yes 207 |0 600 GeV m(¥i)=m(¥2), mw%~ 0, m(Z 0.5(m(E ) rm(E2)) ATLAS-CONF-2013-035
)(1)( — Wk ZX& 3en 0 Yes  20.7 xf,)ég 315 GeV S , sleptons decoupled | ATLAS-CONF-2013-035
Xi—>WHhi] 1epn 2b Yes 203 | XG4, 285 GeV =m(¥3), m(¥})=0, sleptons decoupled | ATLAS-CONF-2013-093
B @ Direct i i1 prod., long-lived ¥7  Disapp. trk 1 jet Yes 203 |#F 270 GeV m(E;)-m(¥3)=160 MeV, 7(¥1)=0.2 ns ATLAS-CONF-2013-069
= % Stable, stopped & H hadron 0 1-5jets  Yes 229 g 832 GeV m(¥3)=100 GeV, 10 us<7(&)<1000 s ATLAS-CONF-2013-057
ST GMSB, stable 7, W8, i) +r(e, u) 124 - - 15.9 — 10<tanf<50 ATLAS-CONF-2013-058
S8 GMSB, ¥/, long- lived £ 2y - Yes 47 | 230 GeV 04<r(¥)<2 ns 1304.6310
=l q4q, Xlaqqp (RPV) 1y, displ. vix - - 20.3 [} 1.0 TeV 1.5 <cr<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥: + X, roe +p 2ep - - 46 |9% 161 TeV.  1;,=0.10, 1132=0.05 1212.1272
LFV pp—i + X, ¥r—e(p) +7  Tepu+t - - 46 | 1.1 TeV A41,=0.10, 24(2)33=0.05 1212.1272
> Bllmear RPV CMSSM 1eu 7 jets Yes 4.7 (3 1.2 TeV m(g)=m(&), ctsp<1 mm ATLAS-CONF-2012-140
& b2 )?{ ¥ - W)(l )(1—>eev,‘, euve 4en - Yes 207 | X 760 GeV mwl)>aooaev, Q421>0 ATLAS-CONF-2013-036
,\/1)(1 oW Y srhe, eti, Beu+T - Yes 20.7 X 350 GeV m(Xl)>80 GeV, 13350 ATLAS-CONF-2013-036
£—qqq 0 6-7 jets - 20.3 g 916 GeV BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—-tit, ti—bs 2e,u(SS) 03b Yes 20.7 g 880 GeV ATLAS-CONF-2013-007
« Scalar gluon pair, sgluon—qg 0 4 jets - 4.6 | sgluon 100-287 GeV incl. limit from 1110.2693 1210.4826
g Scalar gluon pair, sgluon—tt 2e,u(SS) 1b Yes 14.3 ATLAS-CONF-2013-051
‘O“ WIMP interaction (D5, Dirac x) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit 0f<687 GeV for D8 ATLAS-CONF-2012-147
M 1 L 1 L L M | 1 L 1 1 L1
Vs=7TeV Vs=8TeV 10-1 1
full data full data Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.

Similar results from CMS



C M S EXOTl CA 95% CL EXCLUSION LIMITS (TEV)

g* (qg), dijet
q* @@W)

q* (@2

q*, dijet pair
q*, boosted Z
e’ , N=2TeV
p, A=2TeV

Z’SSM (ee, uy)

Z’SSM (t1)

Z’ (tt hadronic) width=1.2%
Z’ (dijet)

Z’ (tt lep+jet) width=1.2%
Z'SSM (Il) fob=0.2

G (dijet)

G (ttbar hadronic)

G (jet+MET) k/M = 0.2

G (yy) kM =0.1

G (Z(IhZ(9q)) k/M = 0.1

WR’ (tb)

WR, MNR=MWR/2

WKK p =10 TeV

pTC, nTC > 700 GeV
String Resonances (qg)
s8 Resonance (gg)

E6 diquarks (qq)
Axigluon/Coloron (ggbar)
gluino, 3jet, RPV

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB
hyper-K, hyper-p=1.2 TeV
neutralino, ct<50cm

Exotic searches

Compositeness
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LQ1, B=0.5
LQ1, B=1.0
LQ2, B=0.5
LQ2, B=1.0
LQ3 (bv), Q=x1/3, p=0.0

LQ3 (b1), Q=+2/3 or +4/3, B=1.0

stop (b1)

b’ = tW, (3l, 2I) + b-jet

q’, b’'/t’ degenerate, Vtb=1
b’ = tW, I+jets

B’ — bZ (100%)

T — tZ (100%)

t' = bW (100%), I+jets

t' = bW (100%), I+

C.I. A, X analysis, A+ LL/RR
C.l. A, X analysis, A- LL/RR
C.l., py, destructve LLIM
C.l., py, constructive LLIM
C.l., single e (HnCM)

C.l., single y (HNCM)

C.l., incl. jet, destructive
C.L, incl. jet, constructive

Ms, vy, HLZ, nED = 3
Ms, vy, HLZ, nED = 6
Ms, Il, HLZ, nED = 3
Ms, Il, HLZ, nED = 6
MD, monojet, nED =3
MD, monojet, nED = 6
MD, mono-y, nED =3
MD, mono-y, nED =6

MBH, rotating, MD=3TeV, nED = 2
MBH, non-rot, MD=3TeV, nED = 2
MBH, boil. remn., MD=3TeV, nED = 2
MBH, stable remn., MD=3TeV, nED = 2

MBH, Quantum BH, MD=3TeV, nED = 2
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Similar results from ATLAS



The Standard Model is here to STAVYII

* NO evidence or minute indication of any new physics (~1++ Tev):
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Tevatron exclusion at >95% CL
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Depending on top mass
and o,

New physics scale
required if

my < 129 (+- 6) GeV

(arxiv 1205.2893)

« A Higgs mass of ~126 GeV indicates a potential New Physics
scale at 9 TeV

— Optimistic? It could be higher w/o problems
— Fine tuning r'e%uuremen‘rs points to 2 TeV (10%) increasing to 9 TeV

(1%) (arxiv 0003170v1)



Physics landscape by 2015

* The Puzzle: The SM is not the ultimate theory of particle
physics, because of the many outstanding questions

— Why is the Higlgs boson so light ("naturalness”/fine-tuning/
hierarchy problem) ?

— What is the the nature of the dark part (96% !) of the
universe ?

— What is the origin of the matter-antimatter asymmetry ?
— Why is gravity so weak ?

« The expected integrated luminosity of RUN 2 implies

— If New Physics exists at the TeV scale its discovery at /s ~
14 TeV happens in 2015++ > it requires a lot of luminosity

Run 2 of the LHC will be marked by
precision studies and
search for small signals

"Prediction is very difficult, especially about the future”



LHC Roadmap Run 2
3 years Operation Run after LS1

| 2010 2011 [ 2012 | 2013 | 2014 | 2015 | 2016
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LS 1 from 16th Feb. 2013 to Dec. 2014

16th Feb. 15t November
20

PS Boostr
I beam to beam I
I available for works I 2
M Physics M Shutdown

Beam commissioning B Powering tests



LHC Roadmap Run 2

* Energy: 6.5 TeV Run 2:
 Bunch spacing: 25 ns ES3l@ i N30 -

— pile-up and later decision
considerations towards 7 TeV according
« Injectors potentially
able to offer nominal
intensity with even
lower emittance

to magnet training

Number Ib Emit Peak Lumi Int. Lumi

of LHC FT LHC [cm-2s-1] per year
bunches [1e11] [um] [fb1]
49 ~45

25 ns

BCMS 2590 1.15 1.9 1.7e34



Luminosity [cm2s]

Luminosity evolution

® Peak luminosity ==Integrated luminosity
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LHC Roadmap

2009 . LHC startup, Vs 900 GeV

2010 E

2011 Vs=7+8 TeV, L~6x10%cm?3s", bunch spacing 50ns Run 1
2012 i ~25 fb!
2013

gn energy, nominal luminosity - Phase U

2014

Run 2

Vs=13~14 TeV, L~1x10*cm?3s", bunch spacing 25ns
~75-100 fb"

—_Injector + LHC Phase | upgrade to ultimate design luminosity

2019

Vs=14 TeV, L~2x10*cm2s", bunch spacing 25ns
~350 fb"

2022 LS3 HL-LHC Phase |l upgrade: Interaction Region, crab cavities?

20307 Vs=14 TeV, L~5x10*cm=s", luminosity levelling ~3000 fb




*4th Si Pixel layer (IBL)
*Complete muon
coverage

*Repairs (TRT, LAr and
Tile)

*New beampipe and
Infrastructure updates

Detector upgrades

*Complete muon
coverage

*Cooler tracker
*Photodetectors in HCAL
*New beampipe and
infrastructure updates

Lo R
High statistics HI
measurements
using rare

probe particles
at low pT.

=)

10nb-1, min bias

Single phase major
upgrade to detector
& readout

in LS2

Record very high stats
to search for effect of
possible new physics
on flavour structure.
(complementary to
ATLAS & CMS progr)
50fb-1, 40Mz readout

Single phase major
upgrade to detector
& readout

in LS2



Parton luminosities

V3 [TeV]

CTEQ6L1: gg CTEQ6L1: ud
10 100 | |
5
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3
2 o1pp 107 F i
1 pb ';
1 10 pb - R0.9
————— 100pb 2 R2
1 nb o RTev
05 I~ _—"" _—  _eetm | 10 nb 8. R4
102 | = R6
0.4 R7
0.3 R8s
0.2 R10
0.1 | 103 |
2 3 4 5 6 78 10 14 102 101 100 101
Vs [TeV] V3 [TeV]

Looking at these in detail gives excellent idea about relative
power of LHC14 vs LHCS, i.e.

- ll:ilj&n;uch luminosity is needed for process X at LHC14 to supersede the

Rule of thumb: x10 in luminosity ~ x2 in energy (process
dependent)

Plots from C. Quiqqg: LHC Physics Potential versus Enerqgy, arXiv:.
1101.3201 Quigg 4 7



Physics prospects af Run 2

Increase of cross sections from
LHC8 to LHC14

— Improved discovery potential at LHC
* A Higgs factory:
— 5.bM Higgs events produced

— 100K event useful for precision
measurements

* Note: today ATLAS+CMS have 1400
Higgs events

Physics subjects

* Higgs precision measurement
— Mass
— Cross-sections

*  Measure as many Higgs couplings to
fermions and bosons as precisely as
possible

|
-V k possibility to obs
thaf the H %:)%s bosoh fixes the SM
EFQOI*I:\)EmS with W W, scattering at

« Extend limits for searches

CMS and ATLAS white papers:
arXiv:1307.7135 and 1307.7292
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Higgs Physics Potential - Mass

High resolution channelH — yy and H =& ZZ* — 4l

1 I 1 1 I l 1 1 1 I I I 1 I I 1 I
ATLAS my = 125.5 + 0.2 (stat) + 0.6 (sys) GeV ATLAS 115 GeV < ma4 < 125 GeV
o total signal signal zz Z+jets, i S/B  expected observed
H- Y Y i t { i full mass range
44 6.8 + 0.8 63+08 28+0.1 055:0.15|19 96210 13
H->2Z2Z e Y2e  34+05 30+04 1401 1562033|10 60208 5
202t 47+06 40+05 2101 055:017|15 66208 8
Combinati . : : . de ' 26404 12401 1.11+£028[ 1.1 49+08 6
ombination i . > ! .«) +21 74:04 374:093|14 27.1:34 32
CMS mu = 125.7 + 0.3 (stat) = 0.3 (sys) GeV CMS 110 GeV < mai < 160 GeV
H— v, e e Channel e 4u 2e2u 4f
iy S P ZZ background 6.6 08 | 13.8+1.0 | 18113 | 38518
Z+ X 25+10(| 1.6+06 | 4016 | 81+20
H—-ZZ All background expected | 9.1 £13 | 154 £1.2 | 220£20
my =125 GeV 35+05 | 6.8 108 89 1. 19.2 +14
Combination rp— my =126 GeV 39406 | 74409 | 98+1.1 > = o
1 I 1 1 1 l 1 1 1 1 ] L 1 1 1 1 1 Obwr\'e‘i 16 2:; 32 71
122 123 124 125 126 127 128

my (GeV)

Am of 150(100) MeV achievable for 100(300) fb-1




Higgs Precision measurements

mu =125 GeV
Process Diagram Cross Unc.
g section [fb] [%]
9'“;’“19'“°“ """ 19520 15
usion | ..
vector.boson 1578 3
fusion
WH Pavs 697 4
ZH : 394 5
ttH 130 15

my = 125 GeV
Decay BR [%] Unc. [%]

bb 57.7 3.3

TT 6.32 5.7

cc 2.91 12.2

pu 0.022 6.0
ww 21.5 4.3
ag 8.57 10.2
Y4 2.64 4.3
YY 0.23 5.0
Zy 0.15 9.0

H [MeV] 4.07 4.0

Warning: Numbers are for 3000 fb! expected to be about x(4-5) worse

* uncertainties need improvements for future precision measurements




Uncertainty on signal strength
100 fb-1is a factor 1.5 larger!

ATLAS Preliminary (Simulation)
Vs =14 TeV: [Ldt=300 fb"; [Ldt=3000 fb

.]'Ldl—SOO fb! extrapolated from 7+8 TeV
1 |

| YOV R N e W TR e

H—=>uu
ttH,H—=un
VBF,H—1t
H— ZZ
VBF,H— WW
H—- WW
VH,H—yy
ttH,H—yy
VBF,H—yy

H—yy (4)
H—yy

E:;li‘llill'illli'

0 02 04 06 08

. ] . Au
Relative uncertainty on signal rate —-

Based on parametric simulation

CMS Projection

|
Expected uncertainties on 3000 fo' at f5 = 14 TeV Scenario 1
H.ggs boson signa] S[reng{h —4 3000 M'at S =14 TeV Scenaric 2
Hoyy }
H-— WW t
H—2Z 1 i
H-— bb
H - -
0.00 0.05 0.10 0.15
expected uncertainty
Lb)|[Ho9y HWW|H—-ZZ|H—=bb|H=11|H—=>Zy | H-=inw
300 [6,12] | [6,11] (7, 11] [11,14] | [8,14] [62, 62] (17, 28]
3000 48] | [4,7] 4,7] 15,7] [5, 8] (20, 24] [6,17]

Assumptions on systematic uncertainties
Scenario 1: no change
Scenario 2: A theory / 2, rest o< 1/,/L

Extrapolated from 2011/12 results




Fermion decays
 Establish observation (50) in fermion

modes (T1 / bb)

» Some potential for rare decays like

H>up

— Gives direct access
to Higgs couplings to
fermions of the
second generation.

— Tod?\x's sensitivity:
8xSM cross-section

— With 100 fb-1
expect 550 signal
events (but: S/B ~
0.3%)

« Higgs-muon coupling
can measured to
about >30%

Events / 0.5 GeV

1010
10°
10°
107
10°
10°
10*
10°

102 L

L LA B L B R
ATLAS Preliminary (Simulation)
Is =14 TeV

—Z
[ Ldt = 3000 fb" s

B o wvxuvx
— WW— pvpv
- 99— H— pp, m =125 GeV




Higgs (anomalous) Couplings

ATLAS Simulation Preliminary
's = 14 TeV: [Ldt=300 b ; [Ldt=3000 fb

CMS Projection 300 fb!

v 1 ' Tl rTrrrr; —F

Expected uncertainties on F— 300" at fs = 14 TeV Scenario !

Higgs boson couplings — 300" at 5 = 14 TeV Scenario 2

K, ’ ’ Scenario 1 (pessimistic): systematic
Kw } : uncertainties as today

« , { Scenario 2 (optimistic): experimental

Z uncertainties as 1/VL, theory halved

Kb { i

Kt —

K¢ ¢ i

!

L e PR S SR S S S S SR S BT
0.00 0.05 0.10 0.15
expected uncertainty

k= measured coupling normalized to
SM prediction
Expected sensitivity with 100 fb-1

7-25%

"""""" theoretical |
uncertainty

I ! | I I I 1 I I I |
Kgz n, Dashed:

(Znz

0 0.1 0.2 0.3




Stop discovery potential

Challenging analysis < ot

due to large top ‘g,m Tponcition, | oL o
background
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improvements may be
possible with
reoptimization ;
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SBottom discovery potential

150

CMS Preliminary
_lllIllIIlllllIlIIIIIIl]llIl|llll|llll|llll|llll|l
E pp— bb", b twWy’ 8 TeV, 20 fb"
= m, =50 GeV -en---- 14 TeV 300 fb (scenario A)
— same-signdilepton @ """ 14 TeV 300 fb" (scenario B)

Based on SUS-13-013

—lllllllllllllllllllllllllllllllllll

Estimated 5¢ discovery reach _-*"

350 400 450 500

550 600 650

« Sbottom also supposedly light due to mixing with stop

* Discovery with 100 fb-1 for masses up to 500++ GeV
— Scenario A: syst. errors as today
— Scenario B: syst. errors scaled with 1//L (but at least 10%)



Gluino reach if decay via top/bottom
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>

CMS Preliminary
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E"ﬂ; 400 F Based on SUS-13-007 . 3*;400 - Based on SUS-12-024 - E
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« With 100 fb-1 will reach about 1.7 TeV in gluino
mass both in fop- and b-decay signatures



Generic Squarks and Gluinos
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100-200 GeV lower limits at 100 fb!
Will be extended to 2.1 TeV



*Current limits are on oxBR are

Dilepton resonances: limits

~0.3 fb

*Expect to improve by a factor of

~40 with HL-LHC

*Probe Z’ SSM up to masses of 5.5

TeV

95% CL limits on:

Run-1 data 2.79 2.48
300 fb 6.5 6.4
3000 b1 7.8 7.6
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Conclusion

The discovery of a (the ?) Higgs boson is a giant
leap in our understanding of fundamental physics
and the structure and evolution of the universe

So far completing SM
As no hint of NP is found

Run 2 of the LHC will be marked by
precision studies and
search for small signals

DeFendin on the type of NP limits may improve
well over 1 TeV compared to current limits

Eor\'/ Supersymmetry limits improve with several 100
e



