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Timeline of the LHC Project (en bref)
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1984 Lausanne workshop on a Large Hadron Collider in the LEP tunnel

1987 Rubbia “Long-Range Planning Committee” recommends

1993 ATLAS and CMS selected by LHCC

1998 Construction begins (after approval of Technical Design Reports)

2008-9 First beams - First pp Collisions C
QO (/f/f'

e B

2012 New boson discovered with mass ~125 GeV

Based on slide from Tejinder Virdee



10 Sep. 2008: LHC inauguration

First (single) beams circulating in the machine ; ————
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Delivered integrated luminosity (fb™")

And the LHC outpel
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Spectacular 3 years and ~30/fb delivered per ATLAS/CMS

LHC 2011 RUN (3.5 TeV/beam)

! !
—o— ATLAS 5.626 fb™'
6 H 2 CMS 6.136 fb™!
—o— LHCb 1.217 fb™!

—0— ALICE 4.877 pb™'
PRELIMINARY

Month in 2011
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LHC 2012 RUN (4 TeV/beam)

! ! ! ! ! ! I I I I T

—o— ATLAS 23.269 fb™!
—A— CMS 23.269 fb™!
| —o— LHCb 2.192 fb™* 3 -
—o— ALICE 9.678 pb™'
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Spectacular Run 1 Detector Performance: 2009-2013
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» The LHC detectors have worked extremely well !
= Almost no degradation in performance

= Some losses in performance were even recovered

ATLAS Performance in 2012 CMS Status in Feb 2013 (%)

Subdetector Number of Channels | Approximate Operational Fraction
Pixels 80 M 95.0% CSC

Pixels

¢

SCT Silicon Strips 6.3 M 99.3% RPC ;
TRT Transition Radiation Tracker 350 k 97.5% DT E
LAr EM Calorimeter 170 k 99.9% Ho
Tile calorimeter 9800 98.3% HF =
Hadronic endcap LAr calorimeter 5600 99.6% H E E
Forward LAr calorimeter 3500 99.8% H B ;
LVL1 Calo trigger 7160 100% H c AL
LVL1 Muon RPC trigger 370 k 100% ' ES E-
LVL1 Muon TGC trigger 320 k 100% EE E'
MDT Muon Drift Tubes 350 k 99.7% E'
CSC Cathode Strip Chambers 31k 96.0% & E B E'
RPC Barrel Muon Chambers 370k 97.1% ATLEAS ECAL Er
TGC Endcap Muon Chambers 320 k 98.2% St”ps Ei
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Higgs Status Dec. 2011

= Small excesses at 125 GeV

= ATLAS and CMS couldn’t

celebrate yet...

= Not unprecedented to have
coincidences at low significance

= vy channel the main contributor
= Very small signal on large background

» Important steps taken for 2012

= Energy increased from +/s=3.5TeV
to 4 TeV and luminosity increased
* Target 50 sensitivity down to 110 GeV
= 'Blind’ the 2012 data

= Extended run by ~2.5 months
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1. My,,vs. My,

= Tevatron M,, Tour de Force!!
* my, =380385 + 15 MeV
(World Ave — Mar 2012)

2.

Colliders leave little space

Combined precision }

w (GeV)

€r2012

] AT

'+
JON
vt

March 2012

80‘5 L I | 5t ‘ | o Gl e | I | 5 B B ] L L s il | I | Jon b | ] L l LB
| O LEPEWWG (2011) 68% CL (excluding Mw, mm& direct Higgs exclusion) -
- (©68% CL (by area) M, (2009, m N -
- @ 68% CL (by area)M (2012m ‘i‘(:e -
804\ ’ o -
a LN -
O i
804 — =
80.35 — >
803 —

= LAl L l Andend el l e lenllank l Alnlad l AL l A l - l [ - )

O L1
wn

155 160 165 170 175 180 185 190 1
mtop(GeV)

Electroweak data

My = 94+24,

6 March 2012 __ mym = 152 GeV
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Slide from spring 2012
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2010, 7TeV 0=68.0mb e 2011, 7TeV 0=68.0mb e 2012, 8TeV 0=69.4mb
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CMS Simulation

PV multiplicity

Pileup studies Feb 201
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CMS Simulation

Pileup studies Feb 201
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PV multiplicity
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Good understanding of the detector
+ accurate theory predictions
—Precision SM measurements
—Excellent control of backgrounds
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= 48 years

= 20 Yyears

" 3years

= A generation
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Volume 712, Issue 3, 6 June 2012
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http:/ /wwiw.elsevier.com/lo

Available online at www.sciencedirect.com

SciVerse ScienceDirect

te/physletb
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Volume 712, Issue 3, 6 June 2012
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ISSN 0370-2693
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H—ZZ*— 4 leptons
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CMS Preliminary {s=7TeV,L<5.1fb" Vs=8TeV, L<196fb
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) IIINIII

ay modes

HIG-13-005

Decay Expected Observed

6.7 0
3.20
390
2.10

3.4 0

2.80

77 7.1 0
YY 3.90
WW 5.3 0
bb 2.2 0
TT 2.6 0
= 125.7
bb: VH @ VBF

WW: ggF® VH® VBF

3.40 Evidence for H— ff
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0/0)y, Mass (yy ®ZZ) , Couplings, JPC

CERN April 15, 2013

CMS Preliminary {s=7TeV,L<5.1f" ys=8TeV,L<19.61b"
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u=0.80+0.14

U =0.80+0.14

= Negligible change for new VH(bb) result: u=1.15 +0.62 —1.00 + 0.50
m =125.7 £ 0.3+ 0.3 GeV

= 0.5% precision already
o**is preferred over 2**, 0™+ at 2.8, 3.30, respectively
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CMS -

CMS preliminary, [L=5.0fb™ at Vs=7 TeV, [L=19.6fb" at Vs=8 TeV
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-
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arXiv:1303.0763

Interpretation in EW-singlet models
and LHC XS WG benchmark models:
lvjj HIG-13-008
2[2v HIG-13-014

1000
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d’o p
dp.dy (pb/GeV)

Data/Theory

= First differential inclusive jet cross

section measurement at 8 TeV
= Important input to PDF fits
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= First differential inclusive jet cross
section measurement at 8 TeV

cs Highlights

- B | | | B BB | B Y ol

= Important input to PDF fits

&

§ = \ ; = 8TeV anti-k- R=0.7 L= 1C.7"Yb1 Cr‘-’S PY‘.‘l:HI:l";l",‘ 6 L T T T L T T T T T T T T]

§ E 10 = 0'245 CMS Ry, 1 0ig(M,)=0.1148""7° 3

® < E"L_ g P T T S 0.22(- . CMS R,, -

g = : EL‘—::* - +L'“+::m_,‘* 1 0_25 a DO inclusive jets =

N 9 P Tl 1'“--_# i PO . - - ° DO angular correlation .

= \'9) 1;': [r'lvﬂ\_.—ﬁﬂ ., _‘L‘L"»-‘""‘ “""‘1. . 0.18— o H1 _:

g '2% 10 ' Ry - _'Tf.._'_jm_._.“.r"‘» -_'_::"'1. ::'.‘. . 0.16 :_ o ZEUS _:

g ‘r:, 1:—: 1:':' ! _ﬂf* ..101" = & ".“"L._‘. ... - . . - O

g ) o e T G g T 014 CD-11-003

g ' ', WPDFZ1NMOENP L " s S tL. 012 arXiv:1304.7498

> o’ o = “ 5 & R T C B

3 y = = T C ]

9 - ’ et :ﬁ"":é"‘_?x,r. == o 0.1 - pr1+p =

4 - - T1 T+ P12 -

S Vs =8TeV_anti-k ;R=0.7 L=1071b 008" 0 = (pr1p) = 5 |

é 2:| T T | T T T T ] T 3 0.06 :_ l l | _:
—_ 0.0 < 0.5 —— 1 1 | T 1 1 1 1 1 111 1 1 1 1 1 111 1 1

E 1.8 — - Data/Theory lyl< ] 10 102 10°

o 16 == Theo. Uncertainty SMP ] Q (GeV)

5 - i -12-072888 -

o - == Exp. Uncertainty 1

g 14 -

o ek .~ New ag measurement via ratio R32:

R e Hl 0g(M,) = 0.1148 + 0.0014 (exp.) + 0.0018 (PDF) *°-°°5__ (scale)

S5 = _—m"""’!""‘"“"-ﬁql,_ ]

T o 0.8— .

2 3 E = Many theoretical uncertainties (related to choice o

3 0.6F -

o E renormalization and factorization scales, w.and m, or to

S b NNPDF21  CMSPreliminary non-perturbative effects), are reduced in the 3to 2 Jets

S F | . cross sections ratio.

g OSIO I100 2(IJO 3(')0 e 1I000 20IOO

QO Jetp_(GeV)

31



CMS o V+jets Highlights

gluon

— <
C

. c

» W+c production
*Exclusive charm tagging via full
reconstruction of D*, D*, and semi-

leptonic decays
= Direct access to s-quark PDF
CMS preliminary Vs=7TeV

= 17— 17—
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» W+c production

*Exclusive charm tagging via full

[

gluon

reconstruction of D*, D*, and semi-

leptonic decays
= Direct access to s-quark PDF
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= NLO prediction: 0.52 + 0.03 pb
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El CtrOweak H |9hl|ght5 Anomalous quartic coupling limits
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Observation of

LO Feynman diagrams:

g b g t
t
b
b W-— b
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Production
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BDT Discriminant

= Use W(lv) decays for both W’s
= Max sensitivity in eu channel

= Selection based on BDT
= Jet, b-jet multiplicity categories

= Observed 60 (5.40 expected)
= 0=23.4">,,pb

=V, >0.78 @ 95% CL
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Pair Production (s-channel)
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= Stringent DM limits for heavy mediator
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SUSY Theory phase space

Dirac
gauginos

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

CMSSM in context

CMSSM

= | HC excludes squarks and
gluinos > 1 TeV and > 1.8 TeV
respectively in the CMSSM

= But, this is only really probing a tiny
part of a large parameter space
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Observation of B, — uu at long last...

™
\

| CMS Experlment at the LHC CERN
N / i Data recorded 2012 Nov-30 07:19:44, 547430 GMT (08:19:44 CEST)
-~ X - Run / Event: 208307 f997510994 \
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30 years searching: By, — uu
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30years searching: Bys — uu
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arXiv:1307.5025, PRL
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= The results:
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Combinat

nforan Obs

= Several methods used, giving compatible results

= Method based on pseudo experiments, modelling distribution with variable-
width Gaussian function (suggested by R. Barlow arXiv:physics/0406120):
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LHCb-CONF-2013-012
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Courtesy of Justine Serrano (LHCb CERN Seminar August 6, 2013)
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What's next?
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* Run 1 has been asuccess
= More results to come this year
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* Run 2 and beyond

= Extend searches and precision
measurements significantly

= | ots more to come...
= The LHC is a Higgs (and top,
W, Z ...) factory, superb for

precision measurements and
for uncovering rare physics
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ECAL response and m(yy) resolution

P—_n— o p— o~ B m — s NG B o — [l B - B lad

7 TeV: 25% improvement over one year
EPS — Jul 2011 LP — Aug 2011 Moriond — Feb 2012 ICHEP — Jul 2012
FWHM=4.23()GeV —>  4.35GeV —>  3.29GeV —> 3.2 GeV (0~1.3 GeV) —>
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HIG-13-01
* H(yy) analyses are used to

= ook for additional Higgs'

= Setalimit on the Higgs width

= Study the Higgs spin-parity

30_15[11|||1||

lllllllll]lllllllll

CMS Preliminary
\s=7TeV L=5.1 fb'
\s=8TeV L=19.6 b’

i| = Observed

- Expected + 1o

>
>
I I A = e Expected = 20
E 0-1 .........................
o
m
X
o)
0.05 fowmivs S TR SN\ R

10 115 120 125 130 135 140 145 150
my, (GeV)
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Higgs Properties in

Ol

CMS Preliminary

\s=7TeV L=5.1fb"
1s=8TeV L=19.6fb"

s —7+8TeV (observed)
- - =7+8 TeV (expected) R
L — FC 95% Upper Limit (observed) R
4 - -FC95% Upper Limit (expected)
3
2 __ o
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8 10
Higgs Decay Width (GeV)

\s=8TeV,L=19.6 fb"
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95% CL limit on o/og,
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Sensitivity to ~ 1 TeV
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T I T : .

" CMS Preliminary ||~ Observed

Expected
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Searches
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Interpretation of data in
EW-singlet models and
LHC XS WG benchmark

models:
CMS-PAS-HIG-13-008
CMS-PAS-HIG-13-014
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ZZ high mass channels ttH with H—bb, tt and yy

CMS preliminary, [L=5.0fb™ at Vs=7 TeV, [L=19.6fb™" at Vs=8 TeV CMS preliminary b, v, vy (s=7TeV,L=50f"Vs=8TeV,L=19.5fb"
T T I T T T I T T T I T T ] ° °
] 10— ° Observed = - . ........................ _ ........................
. - ttH(125) injected ' '

8 - Expectedi 10 e _ ........................ . ........................
Expected + 20 : : :

107!

T T TTTTT
<§D§

95% CL limit on O/OSM

200

| I I I | I I I | I I I
200 500 800 1000 910 115 120 125 130 135 140

Higgs boson mass [GeV]

HIG-12-024 HIG-12-015
HIG-13-002 HIG-13-019
HIG-13-014 arXiv:1303.0763

More channels under study — reported soon
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Invisible H

1995

CMS preliminary, ZH— ll+MET, ys=8.0 TeV,f L=19.6 b

= New ZH analysis

= Zdecaying leptonically and Higgs 3 T e [l v
decaying invisibly 3 70 Moo W
Use transverse mass as the 5 0

§ (ee+un)
L

A O
o

o
II|IIII|IIII|IIII|IIII|IIII|IIII|

P

|

discriminating variable
= CMS (5+20 fb?):

* Br(H—))0) <75% (91% exp.) @ 95%
CL, my =125 GeV

CMS Prellmlnary PY
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Triple Gauge Couplings

= Precision measurement of Wy and
Zy production cross section and

CMS Preliminary, L=5fb" \s=7TeV

E; > 15 GeV,AR > 0.7,

M, > 50 GeV
2011: Z(ee)y —— 0.95+ 0.06,,,+ 0.05,, .,
2011: Z(up)y —— 1.00 + 0.06,,, £ 0.05,,

BLUE Combination  ~-er 0.98 £ 0.05,,,+ 0.05,,

!
CMS Preliminary, L=5fb" \s=7TeV

E; > 15 GeV,AR > 0.7
2011: W(ev)y —— 1151 0.12,,,+ 0.06,,,
|
2011: W(uv)y —— 118+ 0.12,,, £ 0.06,,,,
BLUE Combination —a— 116+ 0.11,,,+ 0.06,,,
lumi. uncertainty 2.2%
1 1 | 1 1 1 1 1 1 1 1 1 1

0.5 1 15 2
Ratio (CMS/Theory)

= Most stringent limits on anomalous
WWy and Zyy couplings to date

Coupling 95% CL Limit 95% CL Limit
-0.38 <k, <0.29 -0.050 < |, <0.037
-0.010 < h.,Y < 0.010 |h,| < 8.8x10%
-0.0086 < h,Z <0.0084 -8.0x105 < h, % <7.9x10'5

CMS Preliminary, L =5 fb™ =107 CMS Preliminary, L =5 fb™
?-;< [T T | T T 7T | T 1T | T 17T | T T | L | L | ] > v [ 1T | TTTT | TTTT | TTTT | L | TTTT | UL | TTT 7
0.15 — observed Js=7TeV 0.3_— —— Observed NVs=7TeV
I E:pected W(ev,uv)y Combined - oo f):pected Z(ee,up)y Combined ]
- +1c B L T o q 5 g
0.1 mm+26 95% CLs Limit on Ak’ and 2’ — 0.2 mm 26 95% CLs Limitonh; andh, |
0.05- . 0.1 .
o : o :
-0.051 ] -0.1- =
E aTGC values outside contour excluded E 0 2: aTGC values outside contour excluded
- L1 | | - | | - I 111 I 11l I | - | | | -V. T [ 1111 I L1l | 111 I L1l | L1l I 1111 I L1

01706 04 02 0 02 04 06 -0.01 0 0.01
Y v
Ax h,

EWK-11-009
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TOP Highlights

. R=Br(t—Wb)/Br{t—Wq) (o=@ s [ reesen

N 1+j: 0.94"" CDF Note 10887 (2012)

1: 09817 s CMS-PAS-TOP-11-029 (2012)

= R=1.023+0.036 —0.034

1j: 0.95°"
' 007 D@ PRL 107, 121802 (2011)

I: 0.86° %

-0.05

-0.08

1j: .03 D@ PLB 639, 616 (2006)

-0.17

ij: 1.02°%
82 CDF PRL 95, 102002 (2005)
® : 1.417"

-0.42

= Search for FCNCt—Zq:
» Br(t—4q)<0.07% @ 95% CL

\

0 02040608 1 12 14 16 1.8 2 22
R=B(t— Wb)/B(t— Wq) 95% CL

Q
-
-
o
—— 1j: 0.97°"Y D@ PRL 100, 192003 (2008)
——
-
&

+0.31

Ij+1 0.944. 24 CDF PRL 86, 3233 (2001)

TOP-12-037
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5"0-45 CMS 7 TeV (5fb™) electrons+muons combined
o o °'3? [es% cL

] N ew W he | |C|ty 0.2;— TOP-11-020 ngi;l% cL

0.1
= In single-top and tt dileptons o R,

-0.1 =
-0.3;
'°'-‘6.:4 03 oz Ao or oz b.‘s‘R‘e(‘gb)A
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pPb: increasing E{HFM>4) ~ participating partons
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Je S N pr CO”'SlOn pPb: mcreasmg E;"F(>4) ~ participating partons
05k CMIS Prefiminary _3',,' e T —
So.05F PPb f L dt=18.48 nb" I p,,>30GeV/c Ag, ,>27/3 E
'E‘;O_zg_(o-mm% _f'_ E:'F"”] 20 GeV 20 GeV = Er """ < 25 Gev
[T E 4~ 88
I I I 0151 % 7k N
= No jet quenchinginpPb .} 2. 2
0.05F /””fﬁﬁ/,ﬁﬁﬁff’,};

= Supports idea of quenching
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= 2 and 4-particle correlations and multipole harmonics (v,,v;) studied
= Striking similarities across collision systems (pPb, PbPb) for the same multiplicity

o v m ]
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CMS Prellmlnary,196fb at \s=8TeV
LA B T ——

z e S " Probing Wy aswell as

2 i arbitrary couplings

2 10 = Full 8 TeV statistics

oo = Limits as high as 2.1 TeV are

set for W, and W without
mterference
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M> Extra Dimensions

P N ' & 8 | B | | | | B - o w a— - —

9 9
= Can also look for evidence of Mp;i~ ~ Mp-""R"
KK Gravitons
= ADD Extra Dimensions 8
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eV

Partners

= Search for vector-like T quark in various possible decay
modes in the combinations of |+jets and dileptons
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= Search for RPV decays of a gluino in

3 jets (either qq'q” or bqq”)

EXO-12-04£‘
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Searches

Tracker - Only CMS Preliminary Vs=8 TeV. L=18.8 fb! Tracker + TOF CMS Preliminary Vs=8 TeV, L=18.8 fb"
= [ * Observed | L A
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+ 7 TeV reanalysis

= Background prediction
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= Strong limits
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> W/Y Polarization, Ay, lifetime
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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
An issue for NRQCD that needs to be resolved!
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= Full angular analysis of B? — u+u K*0

= And determination of differential branching
fraction as a function of m 2
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A portal to physics beyond t

'a YN aeal BN aat NI rrr | B |

= SMtime integrated BR(B,—pM) = (3.56+0.18)x109

-] A

he SM

= Forbidden at tree level N 5 | ——rro——n
= |[nvolves FCNC's w* v
= Helicity suppressed 3 Sal F—sapsn—— |

= Cabibbo enhancement of B,—pup over By = pp since |V < |V

= A good place to look for enhancements from new physics

Il b
t,c,u |d
s(d)
+

= via loop/box contributions P

U

+

2HDM: BR(Bs/d—pp) o< tan“B and m(H+) 20
J. R. Ellis et al, JHEP o5 (2006) 063
MSSM: BR(Bs/d—pp) o< tan®B 15 |
»  J.Parry, Nucl. Phys. B 760 (2007) 38
Leptoquarks
S. Davidson and S. Descotes-Genon
» JHEP 11 (2010) 073

4th generation top

MSSM-LL

|
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10° x BR(Bg — ptp™)

|
S
3

“leoreswenl NN\

»  Wei-Shu Hou, Masaya Kohda, Fanrong Xu, 0.0

0 RSc 10 20 30 40

» Phys. Rev. D87, 094005 (2013). 10° x BR(B, - u ")
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%| Alternative parameteriz tlon’_r

=

i Q@ Test how the BRs are compatible with the SM expectatlons

3 Q BRsw(Bs—ppl) = (3.56+0.18)x 10 _ BR(Bs = pup)

S - H=

E Q BRsu(Bs—pp) = (1.07£0.10)x 1010 BR,, (B, — pup)
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o 4t
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§ I \ Ay = 3-1f:(7)

£ 7 \

! \

§ I //

S OJ— [ |l N /I’/. Lo

2 0 0.5 1 1.5 2

& u=BF(B—u'w)/BF_ (B—uw)

§ F. Palla - INFN Pisa Observation of the Bs—uy at the LHC: CMS results - LPCC Seminar, 6 Aug 2013, CERN, Geneva __



New CMS Higgs projections for 300(0) fb™

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

T T | T T T T ‘ T T T | T T T T ‘ T T T T ‘ T T T T ‘ T T T T | T T T T | T T
Expected uncertainties on F— 300fb™at fs=14 TeV Scenario 1 Expected uncertainties on F— 30001 at fs= 14 TeV Scenario 1
Higgs boson couplings — 300fb"at fs =14 TeV Scenario 2 Higgs boson couplings — 3000fb"at fs= 14 TeV Scenar 02
K —f 300 fb! O B a— 3000 fb-!

1 K

“ 4-15)% || = —— (2-10)%
Kg f { Kg ———

Ky Ky
K, K
Kz : | Ke +——

1 1 1 1 L ‘ L L L I | 1 I 1 1 ‘ I Il | | 1 | | 1 ‘ | 1 1 | | 1 1 1 1 | 1 1
0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15
expected uncertainty expected uncertainty

Numbers in brackets are % uncertainties on coupling deviations for [scenario 2, scenario 1]
-1
L (fb™) K, Ky K, K, K, K,
300 5, 7] 4, 5] 6,8] | [10,13] | [14,15] | 16, 8]
000 | 251 | 23 | 3.5 | &7 | 1m0 | s

Goal: ultimate precision of ~5% or better

K July 1, 2013 J. Olsen — Snowmass Energy Frontier Workshop @/

Bracket precision estimates Upgrades target precision Higgs

1. SystematicSEiEEEEES measurements with pileup ~140!!
2.  Theory uncertainties reduced %3, all

other systematics ~ 1/y/(fLdt) (25 nsand L = 5x1034 cm™s™)

12 August 2013 - CMS Highlights - Windows on the Universe - Quy Nhon Vietnam -J. Incandela - UCSB/CER
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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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