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Maj

ajor challenges on 5 different fronts

= Between now and first physics results ca. 2015

s woN R

Harvesting full 2011-12 dataset for physics
_essons learned and Run 2 preparations

| S1 consolidation, early upgrades

Phase 1 Upgrades 2016-19

Phase 2 Upgrades 20227
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= Small excesses at 125 GeV

- ATLAS Prelminary =~ 2011 Data ]

10 B jl_dt 46-491" 3

- ---- Exp. =4.6-4. 3

» Could not celebrate yet... i et

= Not unprecedented to have
coincidences at low significance

= vy channel the main contributor
= Critically important steps taken 10O 2 26 IS0 1ok a0 148 1

95% CL Limit on G/GSM

—_
TTT

for the 2012 hunt J A
= Luminosity increased and collision g [uoeer L= -
energy increased (3.5 TeV to 4 TeV) § |
= Sensitivity to 110 GeV & L,
= Extended run by ~2.5 months
* To characterize it if we found it... T |

110 115 120 125 130 135 140 145

u ‘Blinding’ Of 2012 data Higgs boson mass (GeV)

Based on slide ca.
May 2012
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= Tevatron M,, Tour de Force!!
* my, =380385 + 15 MeV
(World Ave — Mar 2012)
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O LEPEWWG (2011) 68% CL (excludingM ,m__&direct Higgs exclusion)
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2. Colliders leave little spac e |
8035
6 March 2012 __ Mymy = 152 GeV : Qon
T % ’ F K = L
' Ao, = 803 6
54 Ly — 0.02750+0.00033 : l i l l i l l
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4 - L incl. low Q° data
- / Mp (GeV)
< 3'_ Combined precision
5] Electroweak data This is the main'story.of 2011
N ¢ My = 9473,
| ep . / ited >450 GeV of
o excluded o A excluded Higgs mass range:
40 100 200
my [GeV] Slide from spring 2012
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CMS d Slide from early 2012
|/r-r'f\llﬂr|r\ r'l | Qﬁr-m[ll\lr-lli 'aY | y llllRIf\l\f‘lllr‘llr"ﬁ
Valid Primary Vertices (HighPileUpHPF)
Reconstruction: CPU perf - Memory Curves (HighPileUpHPF 100 Evts) ‘
z High PU Run
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(2] E | : _—
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@ 1500 —“@D @ﬂ@ﬂ ----------
-~30 s /evt
S 1400
S -
g -
s 1800F = Technical Improvements
B = Compiler, ROOT, JEMalloc
— = Vectorization, Devirtualization
-~ 1200 . . . .
S Releases » Algorithmic (mainly tracking)
S ¥ 4 4 2 patchil( = Seed filtering (extended to
) pairs) and seed combinations,
3 5_2_0_pre3 Merging strategies, Loopers
T s @ 5_2_0_pre5 identification, Strip Template &
g T cluster splitting, K2Tree
! I B T template class
| 60 80 100 120
§ time [m]
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Losing control: pileup studies Feb 2012

CMS Simulation

1

tion Eff

H—-WW lIsolal

=

o—
090 |t
[ g
0.8 [ .
0.7} e
—4—

0.6' +i
0.5F —— Fall 11
0.4}
0.3F
0.2 —+— Chamonix WW
0.1f

005 10 15 20 25 30

# pv

—— Fall 11

—e— Chamonix

:tzﬁr_'%

Tracker

Isolation ©

©»0.0 = . Calorimeter
c — 2011 - 09 T 4 @
%0.08 ——— High PU 2 o8 | [t Isolation
: 3 3 - >
'50.07 2011A: (Np)=6.2 2 g; AR
% 0.06 2011B: (Np,»=11.1 i T,
. — —— Fall 11
S 005 2011: (Np)=9.4 ot ﬁ%
0.3F
0.04 f ’JJJ'\\LLLL 0.2t .+ chamonix i
0.03 1 O'éj o -
4 0 5 10 15 20 25 30 35 40 45
0.02 2012 jlu_ -
0.01 1,
g | |
0.00, 20 40 = 1f
NumPU < 0.9;%
T 0.8}
Jet multiplicity 3 0.7f
g 4T b-tag multiplicity ® *”**""’r"*'*”"‘*"“f"'*’”ﬁ'Tz ff@ 0-6;‘
8 1 [ Pgon 1 F 05
30.8- . = . p.>10 = 2
o ~ § 0.1 . pT>30 -~ 7 0.4;
'%0.6_— 5 %o,oef T e { 0.3;
g i B '\éo.oe. - B 0.2¢
R . : O_ME P & 0.1}
B2l " - [ s 1 0
‘Data e D%Efa - e

PV multiplicity

PV multiplicity

0 5 10 15 20 25 30 35 40 45

# pu

F

8



J. Incandela UCSB/CERN

Durham, UK

Invisibles13 Workshop

July 15, 2013

Ca. May-June 2012

5. 1/fb 8 TeV CMS Prellmlnarv
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EWK and Top cr
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Electroweak Measurements
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JHEP10(2011)132
JHEP01(2012)010
CMS-PAS-SMP-12-011 (W/Z 8 TeV)

PLB701(2011)535

CMS-PAS-EWK-11-010 (WZ)
CMS-PAS-SMP-12-005,
007, 013, 014 (WW ZZ7)

Good understanding of the detector

+ accurate theory predictions

—Precision SM measurements

—Excellent control of backgrounds

ctio

o(tt) (pb)
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t-channel single top quark production
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CMS preliminary, 5.0 fb ' SI ng Ie to
CMS, 1.1711.56 fb
DO, 5.4 fb "
CDF.75f
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> 4 & N

NLO QCD (5 flavour scheme)
s theory uncertainty (scale @ PDF)

Campbell, Frederix, Malloni, Tramontano, JHEP 10 (2009) 042

NLO+NNLL QCD
theory uncertainty (scale @® PDF)

Kidonakis, Phys.Rev.D 83 (2011} 091503
] . . . 1 . . . | . . . L

o

2 4 6 8

OCemen

ATLAS prelim. [+jets 8 Te
CMS prelim. combined 8 TeV (2 8 fb')
ATLAS prelim. combined (0.7- ]
CMS dilepton 7 TeV (2 3 fb
CDF combined (4.6 fb™)
DO combined (5.3 fb™")

<
o
")
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Approx. NNLO QCD (pp)

Scale uncertainty

Scale ® PDF uncertainty

——————— Approx. NNLO QCD (pPp)
Scale uncertainty

I Scale ® PDF uncertainty

Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW 2008 NNLO PDF, 90% C.L. uncertainty

2 3 4 5 6 7 8 9

Vs (TeV)
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|

35pb™

35 pb™

5.8 fb™

1.0fb™

58fb™"

 § 3

ATLAS Preliminary

" LHC pp ‘vl§:7TeV‘

pm Theory
© Data(L=0.035-4.61")

LHC pp Vs =8 TeV
mm Theory

e Data(L=5.8-20fb")

1.0 b

46fb?

13 fb™

e

46fb?

21fb?

b

20 fb

L+
46 fb
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Top Mass Measurements

173.2 £ 0.87

173.2+ 0.6 £ 0.8

ATLAS L+jets (2011) 172.31+0.23 %

0.27 (JES) £ 0.67 (bJES) £ 1.35
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In praise of charter schools
Britain's banking scandal spreads
Volkswagen overtakes the rest

A power struggle at the Vatican
When Lonesome George met Nora

F'ndlng the
Higgs boson

BREAKTHROUGH
of the YEAR

s The HIGGS
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Results since July 4t 2012

24 vertices

CMS H —ZZ* — 4 lepton candidate
14
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H—ZZ*— 4 leptons
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6F 4
CMS HIG-13-002 | EELLLCRREEEEE R ATLAS-CONF-2013-013 .




July 15, 2013

p @AT LAS

EXPERIMENT

Run Number: 204769, Event Number: 24947130
Date: 2012-06-10 08:17:12 UTC

H — yy candidate: Vector Boson Fusion (VBF) category
(2 jets in forward-backward regions)

17
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Moriond 2013

CMS 3.20 (expect 4.20)
my, = 125.4 = 0.5 (stat.) + 0.6 (syst.)
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With additional data, the significance
decreased relative to 4™ of July!!

My, = 125.4 = 0.5 (stat.) = 0.6 (syst.)
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ATLAS-CONF-2013-021
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k% Results on the search for H 2 Tt decays

* Discovery sensitivity for a signal not yet reached

» - 95% C.L. limits on cross section
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(normalized to SM cross sections)

ATLAS—CON F—201 2 1 60

100 110 120 130 140 150
m [GeV]

3 8?'””'”' ' ATLAS Preli
3 7k '-'o—gbouvodc:.. fLdt= 4w'f§'m;"3_ my, = 125 GeV:
s [ —-- Expected CL, [Ldt=13.0" s=8TeV ]
= E Observed 95% CL: 1.9 oy,
- 5: E Expected (no Higgs): 1.2 ogy
R aF E
CI:
X E Fitted signal strength
2F E (all sub-channels):
1+ =
0111111 w=07x07

Updated analysis, including the full data sample, expected soon
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ATLAS: 4, =-0.4 + 0.7 (stat) £ 0.8 (sys)
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Sensitivity to ~ 1 TeV
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ATLAS: 3.30 Evidence for VBF

ATLAS Prelim. *°:m')’ Total uncertainty
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All tests favor 0**

/I P 1A AN
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C M S EXOT' CA 95% CL EXCLUSION LIMITS (TEV)
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ATLAS EXOTICA

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: May 2013)

Large ED (ADD) : monojet + E.
Large ED (ADD) : monophoton + E

T,miss

T,miss

Large ED (ADD) : diphoton & dilepton, m,

(é) vy /N
Q UED : diphoton + E
2 s'z, ED : dilepton, m,
QE) RS1 : dilepton, m,
5 RS1 : WW resonance, m;,
© Bulk RS : ZZ resonance, my;
£ RS g, — tf (BR=0.925) : tf — I+jets, m_
W ADD BH (M., /M,=3) : SS dimuon, N, .+

ADD BH (M., /M_=3) : leptons + jets,>p
Quantum black hole : dijet, F (mjj

L=20 fb”, 8 TeV [ATLAS-CONF-2013-017]

/IWD (6=2)
M, (5=2)

ATLAS

Ms (HLZ 5=3, NLO) Preliminary

Compact. scale R™
M ~R™
Graviton mass (k/Mp, =0.1)
Graviton mass (k/Mp, =0.1)
Graviton mass (k/Mp, = 1.0) det =(1-20)fb"
M, (5=§)KK mess Is=7,8TeV

Mp, (5=6)

M, (5=6)

A
A (constructive int.)
A (C=1)
2.86 TeV_. Z' mass

Z' (SSM) :m,, |L=471",7 TeV [1210.6604]

1.4TeV Z'mass

N Z' (leptophobic topcolor) : tt — I+jets, m, fi=tas fb”, 8 TeV [ATLAS-CONF-2013-052]

1.8 TeV.  Z'mass

W' (SSM) :my,, [L=47 16", 7 Tev [1209.4446]
W' (= tq, g =1) 1My, |L=4.7b", 7 TeV [1209.6593]

430 GeV. W' mass

255Tev. W'mass

q
W' (— tb, LR%M) im, L=14.3 fb", 8 TeV [ATLAS-CONF-2013-050]

1.84TeV. W'mass

Scalar LQ pair (8=1) : kin. vars. in eejj, evjj [L=1.01",7 Tev [1112.4828]

660Gev 1 gen. LQ mass
685Gev 2™ gen. LQ mass
531 Gev 3 gen. LQ mass

720 GeV_ b' mass
I —

790 GeV_ T mass (isospin doublet)

g Scalar LQ pair (=1) : kin. vars. in uujj, uvjj |L=1.01", 7 TeV [1203.3172]
oo, Scalar LQ pair (B=1) : kin. vars. in tjj, Tvjj [L=a7 " 7TeV [1303.0526]
o 4" generation : t't'— WbWb |L=4.7 ", 7 Tev [1210.5468] 656 GeV ' mass
=< 4thgeneration:b'b'— sd dilepton +jets + E_ [I-ias1b7. 8 Tev [ATLAS-CONF-2013:051)
,Mi
é’ (é Vector-like quark : TT— Ht+X |L=14.3fb™, 8 TeV [ATLAS-CONF-2013-018]

Vector-like quark : CC,m,, q. |[L=46 1", 7 TeV [ATLAS-CONF-2012-137]
""""""""""" Excited quarks :y-jét resonance, m"

E g Excited quarks : dijet resonance, Hff“
m ) Excited b quark : W-t resonance, m,,,

Excited leptons : |-y resonance, m
............................................................ -

Techni-hadrons (LSTC) : dilepton,m,

ee/uu

Techni-hadrons (LSTC) : WZ resonance (Wll), m,.

w Major. neutr. (LRSM, no mixing) : 2-lep + jets
_qc’ Heavy lepton N* (type Il seesaw) : Z-| resonance, my,
5 H™ (DY prod., BR(Hi‘—>II)=1) : SS ee (uw), m
Color octet scalar : dijet resonance, m

Multi-charged particles (DY prod.) : highly ionizing tracks

N* mass (IV | = 0.055, IVuI =0.063, IV | =0)

1.12Tev. VLQ mass (charge -1/3, coupling k ,q = v/mg)
g* mass

g* mass

b* mass (left-handed coupling)

I* mass (A = m(I*))

p,/o; mass (m(p /o) - M) =M,)

p, mass (m(p,) = m(x;) + my, m(@) =1.1m(p.))
N mass (m(W R) =2TeV)

H:* mass (limit at 398 GeV for uu)
Scalar resonance mass
mass (Iql = 4e)

ass
IIIIIIT | IIIIIIII | 11 1 1 111

107"

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

1 10 10
Mass scale [TeV]
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L
— al
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o

LI
95% CL limits.

- = Expected
== Observed
- = Expected
m=== Observed
- = Expected
m=== Observed
- = Expected
== Observed
- = Expected
=== Observed

Expected

Observed

T T T T T T

SusY ;
theory not included.

0-lepton, 2-6 jets
ATLAS-CONF-2013-047
0-lepton, 7-10 jets
ATLAS-CONF-2013-054

0-1 lepton, 3 b-jets
ATLAS-CONF-2013-061
1-lepton + jets + MET
ATLAS-CONF-2013-062

1-2 taus + jets + MET
ATLAS-CONF-2013-026
2-SS-leptons, 0 - > 3 b-jets
ATLAS-CONF-2013-007

C
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oIIIIIIIIIIII|IIII|IIIIIIIIIlIIIIlI
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= MSUGRA/CMSSM

= Exclude squarks and gluinos > 1 TeV and > 1.8 TeV respectively
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F /N AN P A

MSUGRA/CMSSM: tanf = 30, A0= -2my, u>0
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;‘ I T T T '_l T l'l: I T T T I T T T I T T T I T T T I T T T | T T
& - '|| ATLAS Preliminary -
2 5000 - i ]
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B E - - Expected limit (+15,,,) ]
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SUSY Theory phase space

Dirac
gauginos

T. Rizzo (SLAC Summer Institute, 01-Aug-12)

M

CMSSM

* MSUGRA/CMSSM

SUGRA/CM

B /N N B AN

MSUGRA/CMSSM: tanf = 30, A0= -2my, u>0
T T T

SSM

B AD

; I T T T -‘- | T Ill; I T T I T T T I T T T I T T T I T
0 L i i ATLAS Preliminary  _
» C % ) _
@ 5000 |- ; _[ Ldt=203f", s=8 TeV ]
= L b i
x - ‘: O-lepton combined -
(“ [~ ‘ -
54000 — ‘a‘ —— Observed fimit (+16505"} ]
- £ - - - Expected limit (+15,,,) |
L £ _
- % -
- £ -
- ;,‘ .
2000 — S — —
1000 — —
= I 1 1 1 I 1 1 1 l 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 I 1 (-

800 1000 1200 1400 1600 1800 2000 2200

ATLAS CONF-2013-047

gluino mass [GeV]

= Exclude squarks and gluinos > 1 TeV and > 1.8 TeV respectively
= But, only really probing a tiny part of a very large parameter SUSY space
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Gluinos decaying to stop or sbottom
decaying to top or bottom + neutralino

Eliminating essentially all of
the regions we can probe:

@9 production, §— tf;’(f m(@) >> m(g), Vs = 8 TeV Lepton & Photon 2013

| ATLAS
Preliminary

T T T[T T T T[T T[T T T T [ TT T T[T T T[T TTT
95% CL limits. SYSY not included.

- - Expected
=== Observed
Expected
Observed
Expected
Observed
Expected
Observed

theory
0-lepton, 7 - = 10 jets [L =203 —
ATLAS-CONF-2013-054 " i
0-1 lepton, = 3 b-jets L =201 oY |

ATLAS-CONF-2013-061

3-leptons, = 4 jets L =128 |
ATLAS-CONF-2012-151 int -

2-SS-leptons, 0 - = 3 b-jets [L =207 o’ T 7]
ATLAS-CONF-2013-007
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general SUSY searches

TT M T H;éil\n{l\ﬁé‘rv T ‘ TTTT ‘ T TTT ‘ TTT \ ‘ TTT ‘
Vs =8 TeV —— Observed
Moriond 2013 .. Observed -105YSY
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Direct b/t pair production

b/t o i A‘; -0
e - /\ 1
- -~
- -~ "+
~ : ~ 0 ~\ -~ Al ~0
b/t X1 i X1
tt production Status: LHCP 2013
;‘ 600||||||||||||||||||||||||||"||||||||||||||||||||||||||||||
[} L ATLAS Pre||m|nary Ly=20-21fb"{s=8 TeV L, =4.7"Vs=7 TeV
(O] - = oL, S_,ti" OL ATLAS-CONF-2013-024 0L [1208.1447]
— - B —m 1L, Bﬁtx 1L ATLAS-CONF-2013-037 1L [1208.2590]
N 500 [ =— Observed limits L el t—>ty, 2L [1209.4186]
E B L 0L, trh—> w b X 2L ATLAS-CONF-2013-048
- o Observed limits (-10y,,,) —— oL, =M +5Gev OL ATLAS-CONF-2013-053 -
I L. _ 2Lt bX m.= =106 GeV - 2L [1208.4305], 1-2L [1209.2102]
I === Expected limits LT b, mx £ 150 Gev 1L ATLAS-GONF-2018.037 .
400 = 2L t 0% mX =m;, - 10 GeV 2L ATLAS-CONF-2013-048
== - 2'— - b Xy rh =2x Mo 1L CONF-2013-087, 2L CONF-2013-048  1-2L.[1209.2102]
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Extended

Natural SUSY Incl. searches

LLP + RPV

MSSM

UsSYn

mYa il

oW

II I\I\f'

ables
NI

ATLAS SUSY Searches” - 95% CL Lower Limits

ATLAS Praliminary

Status: LP 2013 |Ldt=(44-220) " 5=7,8TeV
Model e.u .y Jots ET'™ [Lajt) Mass limit Reference
T T T L} l L) T L) T T L) L) L) l L) L) L) T L) T L)
MEUGRACMEEM lep 36 Yu 203 |§ 121 o ATIAB-CONFao13-082
MEUGRACMEEM 0 740Rs  Yes 203 |E 14TV wry w3l ATIAB-CONF2013-054
35 39 0 26jts Yes 203 |§ . JoGN miTT] 0 Ga¥ ATIAB-CONF2013-047
EX. 599t 0 26jats  Yos 203 |§ 1, *)e0 Go¥ ATLAB-CONF2013.047
o . tepg 36js o 203 | 1.18 Ta i 1c200 Call, mi™ )0 Simifflen(p) | ATLAB-CONF-2013082
5 1 2epu(86) 3Jjats Yes 207 | . 1aATWw il ATIAB-CONF-2013-007
GMEE (¢ NLSF) 2o 245 Yo 47 tang<ls 12024822
GMEE [Z NLSF) 12r O2js  vus 207 147 ang>1e ATIAB-CONF013-az8
QGM (bino NLEF) 2y 0 Yos 48 mifi o0 Ca¥ 12000753
QGM (wino NLEF) Tapsy ] Yos 48 mit T 20 Ce¥ ATIAB-CONF-2012-144
GGM (higgsino-bino NLEF) ¥ 1b Yos 48 mif 250 Ca¥ 1211187
GGM (higgsino NLEF) 2enZ) O3js Yos GB miff1>200 Gl ATLAB-CONF012-152
0 meno{e!  Yos 105 migh1o* oV ATLAB-CONF2012-147
0 36 Yes 201 mif <800 eV ATLAB-CONF-2013-081
0 740pRs Yes 203 |® ATy it} <200 Cald ATLAB-CONF-2013054
[ KN 3b Yos 201 it }ca00 Ca¥ ATLA B-CONF-2013-081
LR 3b Yos 201 it }<300 Cal¥ ATLA B-CONF-2013-081
0 2b Yos 204 b S Ao0s0 GV mifflc100Ca¥ ATIAB-CONF2013-053
2e44(85) 035 Yes 207 K 4G it it} ATIAB-CONF-2013-007
120 126  Yos 47 Tz Ca¥ 12084208, 1209 2102
2ep 02§ vos 203 | i) wni) - W20 Col, nlf)c<nifl] | ATLABCONF2013.048
3" 2ox O2js Yas 203 |3 )0 Col, ek -] 10 Gl ATASCONFagiaase
aft 0 26 Yos 201 (& . 150-50GaV mifflc200 Cal, HET- ATLAB-CONFa013053
1ou 16 Yes 207 |& o 200810 GeV miT] 0 Ga¥ ATLAB-CONF-2013-057
lf 0 25 Ye 206 |& | Z20-650 GV mitt) 0 Co¥ ATLAB-CONFao13 a4
(natural GMES) 2ep(2) 16 Yes 207 mifi 120 Ce¥ ATLAB-CONF2013-028
Sen(@) 16 Yes 207 (% BoGv ik )T 120 Ca¥ ATIAB.CONF2013.028
2op 0 Yos 203 |¢ - BB316GeV i }] D CaV¥ ATIAB-CONF2013-040
m 2op 0 Yos 203 (%% 158GV i) CalY, wdd, W0 Sierdl el 31) ATIAB-CONF2013-940
) — ) 2+ o Ym 207 |7 180-330 GV e 10 Ca¥, wit, ShasindTherdfSN | ATLAB-CONFaDisaze
%@ How) eop o Yos 207 ok T3), i3]0, miZ, oD Sird@ ol | ATLAB-CONF2013-028
'z Seu 0 Yos 207 il i3], D0, slepions deccepled | ATLAB-CONF2013-028
long-vod £ 0 1pt Yos 47 1<r{fi)<10 re 12102082
FRhaken ' g 1Ejs  yas 220 mlf?).100 Ca¥, 0 prcrig}cionn ATUABCONFa013087
_ 124 0 - 150 Sclangcsd ATIAB-CONF013-058
,stabloFor 124 0 - 150 miterdd) ATIAB-CONF2013-058
=7, long- o3t} 2y 0 Yoz 47 OA<r(TT}c2 e 1204830
1—qge [AFV) 1 ] Yos 44 1 mncerel n, § decoupled 12107481
LFV ppsby + X, Fr—sa + 4 2on 0 - 46 2, #0100, Axye 03 1ziamE
LFV pps¥r + X Fr—a(p) +7  Taper 0 - 46 2y, W00, A ppn o0 58 12121272
BEncar RPV CMEEM 1op 7|ats Yos 47 miumig], cuwct nn ATIAB-CONF-2012-140
s f‘f‘,f‘-.w!‘f-.-o,. iy dup 0 Yes 207 mif 300 Ca¥, 1,550 ATIABCONFaoiaaze
j i—oriig, ariy SOMeT 0 Yos 207 mif b0 Ce¥ 4> ATLAB-CONF2013-0%
0 B |ots - 46 12104812
‘....., W 2eu4(86) 035 Yes 207 ATLAB-CONF-2013-007
Scalor guon 0 4ats - 46 | sgisen 100267 GaV ind. it bom 1 1102080 nlean
- WIMP imiaraction (D5, Diras ) 0 meno{el  Yes 105 )20 Ca¥, mit chcee7 Col¥f & Do ATLAB-CONF-2012-147
L1 1 al 1 1 1 1 PO T | 1 1 1 PR T B 1
10!

P Mass scao [ToV]

*Only a selectibon of the avallable mass Imils on new states or phenomena Is shown. All imils quolsd are abserved minus 1o theorelical signal cross section uncertainly.
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Incl. searches

Natural SUSY

SUSY no show ta

SN AL 1LIND A

_E

Ris2

ghuino peo duction

ek

L {

shottom

EWK gaugnos

depton

Summary of CMS SUSY Results* in SMS framework LHCP 2013

J—-m

T3 Summary of CMS RPV SUSY Results”

x L d .Vx
i -omvi.
N

253

LY =kvx X

500
"Observed limits, theory uncertainties not included Mass scales [GeV]
Only a sslection of available maas limits

Probe *"up to™ the quoted mass limit
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Heavy lons at LHC

1 1ICAOA 11 11—

2 Some of the many heavy-ion highlights from § 3<:: D M
4 thelHC o | 1 4f PP [P TeV — e :
i — . ) . _j. - E-loes + eaturation ]
cBf + Plus many more results with exclusive strange @ 12 \ M :
%] . . . \ .
e © and charm hadron identification,as well as o; ;
| f beauty tagging, completely unique to the LHC 3 ot T e — - _
g 5 experiments v | 04-J/y suppression™.\ -
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=#=8 j+y nuclear modification factol pp i 2 o ',n pr C,OI,I's,'c,m,s, L3
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4= | | - - ALICE Collaboration
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LHCH

The search for B ;2> uw

Predicted to be very rare in SM due to GIM & helicity t g
suppression: i
Precise predictions in SM: b MSSM
« BMB,~>uw =35+0210"? i
e BMBy>uw =I.1+0210""1° T,

12
10

S N N

LHCb
1.0 fb7'(7TeV) +1.1 fb ' (8TeV)
BDT>0.7

[II|I]I|III|I[I|II]|I

1

T

6000
m, - [MeV/c?]

the first evidence of
B, wudecayat~3.50

B(B%—>p*p-) = (3.2*15-12)x 10

in agreement with SM
“Background only” p value ~ 5 10

Also best limit on B, 2 u u

BB —p*p7) < 9.4%10°1° at 95% CL

1



ng First 5o observation of CPV in
w B.— Km decays (thanks to RICH) CPV

v B, BY K B, CP violating phase ¢, = ¢, — 2 ¢,
= Pp
% 200 |f ¢s # 0, New By a Jp o
8 oty Phy.5|cs. in B, Py B /
M W s x oscillations ? B
g e BT SR R B e LHCb 1.0~ + CDF 96"+ D@ 81" + ATLAS 4.9 fo~'
g K%t invariant mass [GeV/c?] K =t invariant mass [GeV/c?] L Y — e B ML B B S =
S | E " po HFAG [IE
= _ : @ B -
Raw asymmetry is corrected for production % i 68% CLE =
X and detector asymmetries (small: ~ 1%) — I (Alog £ =1.15) 3
g =g, iBst"  LHCD E
© ACP=0.27+0.04+0.01(2fb?) “op AR E
505 '::SM/ ATLAS e
- 4t particle exhibiting CP violation NS TI ol IE TE SO .
3 A5 40 05 00 05 10 15
= (KO[1964]I Bo[zooo]l Bi[2012] ) PRD 87 (2013) 112010 ¢ [rad]
g c o c —] = -+
Previous evidence for CPV in ®,=0.01+0.07 £ 0.0] rad
O, T AT, = 0.106 + 0.011 + 0.007 ps"!
S not confirmed either LHCb: 0,~44 fs — tagging sD2~3.5%
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1°t meas. of Y(nS) polarization at the LHC
= Now extended to W(2S) polarization

measurement

No evidence for large polarizations

= Anissue for NRQCD that needs to be resolved!

‘I’/Y Polar|zat|on( hIn‘etlme
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The Higgs:
so simple yet so unnatural

Guido Altarelli

A malicious choice! my = 125.6 * 0.4 GeV
| MSSM at the weakscale ||

Invisibles13 Workshop

July 15, 2013

Strumia

50 60 70 30 90 100 110 120 T 130 140

*G. Altarelli: https://indico.cern.ch/conferenceDisplay.py?confld=239571
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Implications
» 126 GeV Higgs boson

= Important constraint on “simple” SUSY models

* Especially if we require “naturalness” values of superpartner masses
* i.e. avoiding non-fine-tuned solution to the hierarchy problem

"If not, we would be giving up at least one of the three SUSY 'miracles’” —
Greg Landsberg (CMS Physics Coordinator)

If 15% higher, we might have stopped considering MSSM scenarios...

= Aninteresting situation also in regard to SM

= Vacuum stability = new physics must come in at ~10** GeV
~15% higher, the SM would be fine to the Planck scale



SUSY still fills an obvious gap !

IA AIA

| By R RiGy Ay Obins G {
e § I8 7B | E
50’2)}1/ 10)/2>\)7_ Z}
/V /\\POSSEBL_E
_( ( VERY SPEC(ALK
H 995 ﬁ ffwf;i - <UPERSYMMETRY

See talk by Nima Arkani-Hamed at Edinburgh Higgs Symposium, January 2013 50
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What seems “so simple” may just be more complicated..

A A 1 I/N -_~ o~

Ilﬁﬂll‘l—ﬂlll

Fayet 1975

Two independent reasons to consider it:

NMSSM as 1. Add an extra contribution to mj;, = mzc55 + A7 + Nv’ssg

thus allowing for lighter stops

an example

(Talk by R. Barbieri*) = 2- Alleviates fine tuning in v fori 2 1 and moderate tan 3

dv?

dm? H.

LK)
35000
SO0
250000 ¢

20000

K
INMSSM A bEl cot23 versus

4
|Mssm = —
Hu 9

green points have betfter than

5% “combined” fine-tuning and
Aess = 20 TeV in the scale
invariant NMSSM

myz, < 1.2 TeV
mg <3 TeV

Gherghetta et al 2012

*R. Barbieri: https://indico.cern.ch/conferenceDisplay.py?confld=239571
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A A I I /AN ,«~ | 1 7/~S\/7F/Mrmn

What next?

N

= Run 1 has been asuccess
= Butthe LHCisinits childhood

* Run 2 and beyond

= Extend searches, precision
measurements - significantly

= Forthe next 15+ years the LHC
is the only Higgs (and top, W, Z
...) factory we have!

)

LT

52



CERN Plan for the next 10 years

=

Shut down to fix

interconnects and 1000.0

overcome energy s N )

limitation (LHC -

incident of Sept \$ Integrated

2008) and R2E 100.0 : Shut down to
=y | overcome
£ A A 0y |’ beam

! o . 5

.§' /] — - £ Intensity
£ 100 1/ Halving time /ﬂg'limitation
T I § collimation
g ¢ = | and more...)
 —

1.0
o - o~ o™ < e} ™~ oo} N o
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Year ending
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LHC Warm-UP 201

Few perturbations (EL, CV, controls),
Few issues with HW (HX-Comp-Tu)
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Courtesy F. Bordry

Done in 10 weeks !!!
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“ Physics
Beam commissioning LS1
ShutdownTests 161 Feb. 2013 — Dec. 2014

2013

beam to bea

16t Feb. 2013
A N 5t July

F[MAIMu [ Als] oMol [FIM AlMu [u [ Al s[ o[ Mol [ FIM A

i

12014 |2015

LHC B

SPS -

PS I

PS Booster -
PRIl K] R ————

Courtesy F. Bordry ss
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SMACC: Installation of shunts

[ R Y A W B |

Y el B H|

*>160 IC in sector 56 (75% of one sector) are now equipped with

shunts (almost 10% of the LHC, 2560 shunts)
» Started ahead of schedule, learning for critical activity

24.04.2013: First shunts soldered (QBBI.11R5)

First shunt soldered on 24.04.2013

Courtesy F. Bordry

Sector 56

Open|C
—Shunt
—WeldM
—(TestM
—(loselC
—TW

—Achieved ~Baseline
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same generally
applies to ATLAS
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CMS

2

[
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WGM 145

February 27, 2013 News/Planning

A

Looking Ahead to Run 2: Summary of Challenges

. Off the chart:
CPU for 2015 (25 ns bunch Start of record fill RN

spacing, L=1.5E34 cm™s?): 351
= x10 CPU required in 2015. |
X2 or more from trigger rate;
x2.5 from in-time pile up;
x2 from out of time pileup at 25 ns
(worse for luminosity leveling at 50 ns)

| x2 I ndf 1266 /2248 |
Prob 1
Constant 1.017 + 0.004809
Slope  0.0003105 + 9.776e-07

" Improvements are crucial

= Faster algorithms needed:

* A first example; increase tracking
cluster charge thresholds

)
C
(<))
>
()]
—
()]
o
()
=
Q
(&
[«))
o

= Areal challenge

= Requires a lot of expertise.

= Work for next 2 years will be very

challénging b e R I

2500 3000 3500 4000 4500 5000 5500 6000 6500

Instantaneous Luminosity (10°° cm2 s

A
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ATLAS Upgrades up to Phase-1

e L Ar Calorimeter (LS2)

= fine granularity readout
for Level-1

e Insertable B-Layer (LS1)

= and new services for Pixels

e Level-1 Trigger

= new electronics
= topological trigger
(phased in before LS2)

e Muons (LS1)

= complete coverage
= new shielding

e High Level
Trigger farm
(phased in before LS2)

e Tile Calorimeter (LS2)

= new gap scintillators
= new trigger electronics

e ATLAS Forward Physics AFP
e Fast Track Trigger FTK (LS2)

= 210m downstream from P1 (before LS2)

e Muons (LS2)

= New Small Wheel
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®lev

= new electronics
¢ ¢, yisolation (PU)
¢ pisolation, better pr
® narrower T-cones

-

= topological trigger
(ready for operation in 2016)

9]

CMS Upgrades up to Phase-1

e hew Pixel detector

= installation in 2016/17 in
end of year shutdown

. 3
CA £d ‘f?
- gl g2

P tylly
o
&5

¥ Upgrade of CMS detector
through 2020
Ievhab & Prapasal

el-1 Trigger | e Muons (LS1)

\ = complete coverage

= increase CSC
readout granularity

ets with PU subtraction

e Hadron Calorimeters (LS2)

= new photodetectors, higher Level-1 granularity
¢ better background rejection using timing

ﬁ = |ongitudinal segmentation (5 HB and 3 HE segments)
=



e e

High Luminosity LHC (HL-LHC) and beyond
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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
- European strategy update document: Approved by CERN Council in May

Injectors, LEP/LHC tunnel, infrastructures

1980 1985 1990 1995 2000 2005 201C 2015 2020 PAOYAS 2030 2035

Physics

Design, R&D Construct. Physics

Design, R&D - Construct.

2000 large magnets of 15-20 T
1500 tons of HEP grade Nb3Sn
oo tons of HTS for magnets
100 tons of SC for Sc links

Physics

ourtesy L. Rossi

),
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New CMS nggs projections for 300(0) fb

CMS Projection (Prelim.) CMS Projection (Prelim.)

E);pelztecli ur;cerl‘tair;tie‘s 0;1 - I;| |300fb "at F 14 TeV Scenaro1 ‘E:-lpei:tecli ur;cer“talr;tle‘s 0;1 - |;| lanoolfb-‘ ;t 6I=14IT9\.’|Scenlariol1

Higgs boson couplings — 300fb"at fs =14 TeV Scenario 2 Higgs boson couplings — 3000 at fs=14 TeV Scenaria 2
=
if K, = = 300 fb-! K 3000 fb-!
% Ky (4 - 15)% Ky (2 -10)%
> Kq : : Kg ——t—

Ky Ky
§ Ky K
§ Ky : | K M
h o060 005 040 05 00 005 0M0  0m5
% expected uncertainty expected uncertainty
:é Numbers in brackets are % uncertainties on coupling deviations for [scenario 2, scenario 1]
£ -1
S L (fb™) K, Ky K, K, K, K,

300 (5, 7] [4, 5] [6, 8 [10,13] | [14, 15] (6, 8]
5 300 | 12,50 | 23 | 351 | w7 | moor |25
S Goal: ultimate precision of ~5% or better
Zco-) K July 1, 2013 J. Olsen — Snowmass Energy Frontier Workshop @/
Bracket precision estimates Upgrades target precision Higgs

g 1. SystematicsiiERIEE measurements with pileup ~140!!
- 2.  Theory uncertainties reduced %3, all dut 3 .
3 other systematics ~ 1/y/(fLdt) (25 ns an = 5X1034 cm2s™)
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CMS Phase-2 Upgrades

e Muons

= complete RPCs in forward region with
new technology, GEM or GRPCs
= extend ) coverage ? .

7
/
7’
s

e new Inner Tracker

= radiation hardness

= better granularity and faster links
= improved precision

= |ess material

= extend n coverage ?

e T/DAQ
= Level-1at 1 MHz (?) \ )
(requires all new FE/RO) ¥\& ¥ Technical
- Tracking at Level-1 (1) & 9\ > Proposal

= HLT output 10 kHz ? )
In 2014

e upgrade/replace Forward Calorimeters

= extend ) coverage ?
@ - mltlgate pileup effects with tracking and precise timing
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ATLAS Projections: rare
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3 10°F ATLAS Prefiminary (Smulation) .
3 10° ﬁ?:;g\éofb* =z ,7 gluon fusion du_nms
= -tf—vava _______ < =
% 108 — WW pvuv \\ 8 e B S e s S S S S S
L%) 107 [ 99— H—> nu. m =125 GeV S . o fTLASD'a minary (Simulation) _:::,Ff.,
10° ~ AV ~Hhbeg T Juar=scoons :’.-.‘.IL-H 2 ]
105 > - — 3 i“'u E:
10¢ - ; ' my?=2AV? ol ; -
10° ¥ ol ] I ' ]
102 PN ———— 1200 ‘ ( W\ HH_’bbYY
m,, [GeV] s- | |
¢« H—up OOL:HmO_ e .[G.Sj?o
« Lowrate and S/B only 0.2% a5 “PUB0TE-
> 60 with 3000 fb?
s ttH, H = pw = Higgs self-couplings: ~ 30 from
~ 30 events at 3000 b = HH - bbyy channel with 3000 fb™*
= top- and u-Yukawa couplings with a * HH-> bbTT also promising
precision on total signal strength of 25% +30% on AfAg, may be achieved

July 15, 2013
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ATLAS

efter f ntent

ATLAS Phase-2 Upgrades

e hew Inner Tracker

= radiation hardness
= better granularity and faster links
= improved precision
= |ess material

= extend ) coverage ?

e LAr and Tile Calorimeter
= new FE and BE electronics

e T/DAQ

= |evel-0 at 500 kHz
= Tracks at Level-1

= 200 kHz input to HLT
= output 5 kHz?

e Forward Calorimeters

= replace FCal ?
e Muons = replace HEC cold electronics ?

= new FE electronics
= improved resolution



Further into the Future...

A ™

Well, maybe not quite this far forward...
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Conclusion
Advancing on 5 fronts

1. Run 1 Physics

2. LS1 consolidation

3. Phase 1 Upgrades

4. Run 2 preparation of detector, operations, computing,
offline, trigger and simulations for physics

5. Phase 2 simulation studies to converge on cost, scope,
possible baseline scenario(s) plus (staged) options
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