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How it all started....

* From the W,,W,,W,; and B mass-less gauge vector fields of SU(2) and U(1) through the
mechanism of spontaneous symmetry breaking you get the massive W*, W- and Z and
the mass-less A (y) prehdo related by:

Z=Wj5cos6,-Bsin0,
A=W,;sin0,+Bcos0,

with three out of the four scalar fields of the theory disappearing in the masses of the W and
Z, whilst the fourth survives - the SM Higgs boson!

-

-

® First measurements (in 70°s) of charged and neutral current neutrino interactions

interpreted in this unified electroweak scheme were giving:  sin?0,, ~0.3 - 0.5

with: My = [0 /(V2GE)]2/sin6, = 37.4 GeV/ sinb,, m, = m,,/C0s6,,
this meant that my, > ~ 50 -100 GeV

but existing machines could not give more than Vs ~ 30 - 40 GeV !! the CERN SPSin a
fixed target mode, and the LEP was still far in the future, at least ten years, the ISABELLE
proton-proton collider (Vs ~ 200 GeV) at BNL had difficulties with its magnets...

here came the suggestion of Cline, Mc Intyre, Rubbia to convert an existing proton
synchrotron into an antiproton-proton collider!
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The CERN antiproton-proton collider complex

protons and antiprotons counter-rotating in
same beam pipe - as in an e+e- machine!

SPS \ colliding hea/d-on at Vs ~ 500 - 600 GeV

/PF
colliding head-on at

Vs ~ 500 - 600 GeV is
P§ :26Gev/c PROTON SYNCHROTRON equivalent to ~ 150 TeV
/SR : INTERSECTING STORAGE RINGS beam enerqy

psB: PS BOOSTER
Sps: 500 Gev/c PROTON SYNCHROTRON
B 28 Gev/c AA: ANTIPROTON ACCUMULATOR

. TRANSFER TUNNELS

P26 — 270 Gev/c

p26 Gev/c

Luminosity:
L = n(p)n(anti-p)f/(4np?)

here comes S. Van der Meer
and stochastic cooling....

ﬂ The transformation of the SPS into a collider at C. Rubbia’s initiative was
accomplished by the summer of 1981 - in ~ < 3 years
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UA1 detector under construction (1979/81!!)

' o . UA1 detector: ~10 x 6 x 6 m3,

S Swn aram=—>—e .  ~ 2000 tons ~130 physicists

) L g el Y Ly Prny e g8 calorimetric coverage Inl< 5.0

|

bR =" tracker coverage Inl< 3.0

N e muon system coverage Inl< 2.3

warm Al coil, 5cin iron/1cmScint.

UA1 designed and built in < 3 years!!

ECAL (2x24 gondolas) Scint.-Pb sandwich
1.2 mmPb/1.5 mmSci ApAn= 180° x 0.14
27X, deep, four segments in depth + 2x32 radial

sectors in end-caps acceptance Inl <3.0
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VERTEX DETECTOR

TOROID COILS CONVERTER
PROP. TUBES

FORWARD - BACKWARD CALORIMETER

The UA2 detector in its initial configuration
(1980-85).

The UA2 experiment in its
final configuration for the runs

ECAL: Sci+Pb sandwich, HCAL: Fe+Sci sandwich of 1986 to 1990. Full calorimetry
AB Ap ~ 10°x15°,, 4.5 A, no magnetic field down to ~5° thus improved

Central region: tracking detector, “pre-shower”
electromag. and hadronic calorimeters;

20° — 40° regions : toroidal magnetic field;
tracking detectors;
“pre-shower” + electromagnetic calo.

measurement of missing pr
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he first major success: first observation of hadronic
jets at the antiproton-proton collider - summer 1982

Elementary processes :

‘ Not tqtalrl]y jure the|l|t' Jgts W?\jupl\d be g+q—>q+q barton in the
seen in hadron co .ISIOI’]S( 35) ..... g+g—>qtg antiproton
- but already seen in e+e- however!
EY4 8V arton in the
Remember: g§r8—>8+8 ;F))roton
NA(35), ISR/AFS q+q—=>g+g
(correlation/trigger bias....) gtg—q+t+q

G. Preparata
(Fire Sousage model....)

Odoirico....

First evidence for jets in
hadron colliders,
December 1981 run,
spectacular UA2 early
jet event in calorimeters,
Paris conf. summer 1982

Total transverse
energy ~ 140 GeV

D. Denegri; Higgs Hunting, Orsay, July 2012 (a) (b)




Run of winter 1982, W discovery, followed by run of
spring 1983 and Z discovery in UA1

et~
Search for leptonic decays: q q -
mm) 6 events selected (5 W—ev + 1 W— 1v) Z ot
Correlation between missing transverse energy Lot ' ' -
and e+ transverse energy for the first W events 3 118 nb!  First Level Cuts
n — GeV v " . — 30 152 Events 7
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g \% herel! 2
g T ok o 75 36 5 Gev 24l Final Cuts .
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Transverse electron energ

m) my, =81=x5GeV (UA1)
from first “Jacobian peak”
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L0 GeV
y /(GeV)

Uncorrected invariant mass cluster pair (GeV/c?

m) m,=955+25=+(3.0)GeV (UA1)
o,BR(Z = Il) = 41 = 21 (£ 7) pb



First W — ev events in UA1 (Jan.1983)
and first Z — e+e- events in UA1 (May 1983)

HERLIN-UHI VERS - HUS UAR1 VERY PRELIMINARY + —
RLUN No= BOBS . EVI NO 228 e
CAMRC DRTE 30- 4-B3 CAMAC TIME 21:15:

q

MERLIN-UR1 VERS. BO9 UA1 VERY PRELIMINRRY
RUN NO= BO053. EVT NO 1010.
CAMRC DRTE 30- -85 CAMAC TINE 18.53:
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antiproton

4—-—H

» P

In the W rest frame:
“N]+
+
CT+m=— <t€E)- — —> \/e

_ \\4
Ve < —=— ¢

Electron (positron) angular distribution:

dccis(ﬂ (1+ g cos0 7

q = +1 for positrons; g = -1 for electrons
6" = 0 along antiproton direction

magnetic field of UA1 crucial for this!

‘ it is really THE W (spin =1, max. parity violation)!
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X

anti-q

results in leptonic ang. asymmetry!

dN/d cos 8%
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The almost complete W* polarization along
antiproton direction was a consequence of V-A
coupling - and of the collider cm energy ~ 500 - 600
GeV guarantying valence quark fusion into W (x,,
~m,, / Vs ~0.2), combined with V-A in decay

W confirmation, V-A asymmetry in UA1, spring 1983
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9 First W — ev and Z — e*e" events in CMS, April 2010

. CMS Experiment at LHC, CERN
CMS, 1| SM> Experiment at LHC, CERN CMS !l Run 133877, Event 28405693
| Run 133874, Event 21466935 il Lumi section: 387 -
i| Lumi section: 301 Sat Apr 24 2010, 14:00:54 CEST N
Sat Apr 24 2010, 05:19:21 CEST .
Electrons p;=34.0,31.9 GeV/c 4 \

Electron p+=35.6 GeV/c Inv. mass =91.2 GeV/c2
MEr=36.9 GeV

M1 =71.1 GeV/c2

N //
 p——
W and Z spectra in CMS, Nov. 2010
CMS preliminary 2010[ \s =7 TeV - ?Nlls Iprtlalirlnir?arly 2.010 — \.E.= 7. TPTV_
250001~ T T ® i PR
O] i det=35pb" ] O oL det=35pb .
< [ e qam i Ny - ;
20000~ 7 » N e ]
= i o 10°F I 3
215000 . > : ;
5 1 Bynow, July 2012we 5 i ]
£190%° 1 have ~80.000.000 W s :
2 5000 1 and ~8.000.000 Z 2 1
decaying leptonically o

0O 20 40 60 80 100 120 50 100 150 200
M; [GeV] M(e'e) [GeV]



Few words about the LHC,
how this adventure began
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LHC, how it all started....

ECFA 90-133

3 December 1590 1&8&90
EUROPEAN COMMITTEE FOR FUTURE ACCELERATORS Precursor: Lausanne meeting 1084 . ..
Large Hadron Collider
Workshop In Septembrer 1989 the new DG,
PROCEEDINGS C. Rubbia asked (Altarelli, Pauss, D.D.)
o g to organize a year’s long study whether
i and how a 17 TeV pp collider in the

existing LEP tunnel could compete with
the SSC - then in construction - in the
search for the Higgs, top, SUSY etc -
assuming 10 Tesla dipoles could be
produced.

The outcome was the ECFA Aachen
Workshop in October 1990; the main
result was that an LHC luminosity ~ ten
times larger was required to compensate
the factor of ~ 2 inferior energy vs the
SSCi.e. 103*cm-~2sll

Aachen, 4-9 October, 1990




The LHC project started at the initiative
(and with the daring!!) of C. Rubbia

and the Conference in Aachen, Oct. 90,
marked the real start-up, since then
work on the collider and magnets, the
various detector designs and
understanding physics (inspired by

the « EHLQ bible »), went on without
let-up

Scientifico-diplomatic trips in

_ . 1990/91/92 to Japan, India, Russia,
LHC vs SSC: Rubbia’s arguments: savings! USA, Canada etc

- existimg LEP tunnel ~1 GCHF
- existing infrastructure at CERN (PS. SPS, etc) ~ 1 GCHF
- “two-in-one” scheme for dipoles saves ~ half the cost of magnet ~ 0.7 to 1 GCHF
thus overall LHC cost ~ 3 GCHF
D. Denegri; Higgs Hunting, Orsay, July 2012 - will be ready by 1998 - 2000 !




The key elements: LHC dipoles
coil structure for the two-in-one scheme

(suggested by R. Palmer in 1984)
LHC dieole coil design, 6-block coil structure
' @

ﬁ Pole shim
Collar
Inner layer
Copper wedge .‘ A
Ouier layer \
______________________ Inner Layer Outer Layer
Field lines in the two-in-one dipole Most delicate is the coil end - this is where most

(two beam-lines in a single magnetic enclosure)  of the quenches occur
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10 years of R&D were necessary with three generations of prototypes to develope
the dipoles

ermali |“uw|°)r DICTA

[—

I raining quent

‘ 1" .
B HCMBB- AOOO1 03000001 — — . Ultimate field = 9
Nominal field = 8.33tesla —— 2ndthermal cycle

W | Training quench
@ INo quench
@ :Provoked quench

- =2

- LAtirn gl |
- Glarrg e

) Last modifications to the dipole coil configuration done in 2001
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LHC dipoles pro

- a—

duction, testing, installation, 2002-07

Z»

Hall at CERN for final assembly and testing

of dipoles -2005/2006
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Equivalent dipoles

LHC Progress
Dashboard

|

Cryodipole overview
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= C0ld masses delivered

= Cryodipales cold tests passed
—Cryodipoles prepared for installation

- Cryndipoles assembled
== Cryndipoles assigned to positionin ring
= Cryndipoles installed

01-Jan-08

Updated 31 August 2007

Data provided by D. Tommasini AT-MCS, L. Bottura AT-MTM

Magnets constructed between 2002 and 2007, by Jan.
2007 ~ 1200 dipoles and ~ 400 quads installed in the

tunnel, they have to be aligned with 100um precision



LHC infrastructures - a very major undertaking

2 Y

[~

Freeze-out of soil to
-70°C before concreeting

Layout of the LEP tunnel including future LHC infrastructures.®

4| CMS CMS cavern |
~ 80 MCHF ¢

nz y = |J D
Injectly
1
Installation shaft
I Future constructions ATLAS Injection

[ Existing underground buildings

CERN AC - HF267 - 04.0,

ATLAS cavern finished in May 2003
cost ~ 100 MCHF

D. Denegri; Higgs Hunting, Orsay, July 2012 Point 1 - UX15 cavem -ligus. 29,2002 - CERN S




Few words about the detectors, the design.....
CMS in particular

ﬂ we were just emerging from the p-pbar collider where max.
luminosity was 10%%cm-2s! - 4 orders of magnitude smaller
than needed/desired for LHC and the Tevatron was just
approaching 103°cm-=2s"

ﬂ the backbone of the detector is the magnet (solenoid vs toroid)
- but what tracking possible/feasible at 103*cm=s":
with ~ 30 pile-ups - a frightening perspective!?
- what ECAL granularity feasible/acceptable/useful at 103*cm=2s1??
- trigger, DAQ (S. Cittolin!) etc
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How it all started....at least for CMS!
Compact Muon Solenoid (CMS)

welghts : 2 very forward torolds 750 tons muon chambers
4 forward torotds 5000 tons
solenoid 11500 tons
calorimetry 4000 tons .
Total 20760 tons PrOtO-CMS In 1 990 ‘R
n=15 forward toroids central solenoid *
coll . 0
&
WM/ = The UA1 tracker was by far
Tron yoke/absorber SN2 ST [ [ the most sophisticated in its
Z iron yoke/absorber I 5T ¥ days, but the p-pbar collider
T did not exceed 1030cm=2s"

and now for the LHC we need
n=3 mo calorimeter 10%4cm=2s-'!l The answer:
Calorimete granularity and fast response

N iy » Ememm 4 A TR @ e b bt b et

w1

Interactlon point

Tracking? ...maybe in outermost regions...

- QOur test beam and MC studies led to rapid
progress in the detector design.
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Evolution of CMS, LOI in October 1992,
organization of proto-collaborations 1991-1994

LABORATOIRE EUROPEEN POUR LA PHYSIQUE DES PARTICULES

CERN  EUROPEAN LABORATORY FOR PARTIOLE PHYSIGS - By mid-1992 the design of CMS has much
evolved and “stabilized”, stayed remarkably
the same since the LOI (October 1992),
only changes in subdetector technology

For CMS, the key points in the design were:
- robust large-acceptance muon system with a
strong solenoidal field - driven by H — 4 muons
- excellent electromagnetic calo. - driven by H — yy

The Compact Muon Solenoid

- excellent tracking, of highest granularity affordable
- overall calorimetry hermetic - driven by SUSY
(E)
- of reasonable overall cost:

initial ceiling imposed by LHCC: 450 MCHF
Letter of Intent Marriages in 1992/93:

s OCIODEr 1992 ASCOT 4 EAGLE into ATLAS
— CMS + L3P into CMS
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35
ot®

\)\1 7
) ‘\*\N\("AL for A
1eC General-Purpose
pp EXperiment

AT THE
Large Hadron Collider
At CERN

The Compact Muon Solenoid

A Technical Proposal

CMS changes in subdetector technology since LOI:

- for the ECAL.: shashlik (Pb+Sci sandwich)/CeF3 to PbWO4 crystals in Sept. 94 -
for reasons of resolution and space (L,.4, Ryo)

- for the tracker: MSGC to Si microstrips in 1994/95 - as Si became affordable

- in 1994/95 adjunction of a Si-pixel microvertex detector to the tracker design
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The UA1 tracker and the all-Silicon CMS tracker

The UA1 tracker was by far the Pixel - detector
most sophisticated in its days !!

.3

End cap -TEC-

forward chamber
anode plane

Support tube

UA1 tracker: Imaging drift chamber,

6m long, 2.3m in diameter, 6176 210 m? of silicon sensors

sense wires, up to 180 hits per track, ‘ ~ 6,000 thin detectors (1 sensor)
maximum drift distance 18cm Factor ~104 ~ 9,000 thick detectors (2 sensors)
i.e. 4usec drift time, 10 million microstrips and

Acceptance Inl < 3.0 70 Million pixels
D. Denegri; Higgs Hunting, Orsay, July 2012
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From the UA1 electromagnetic calorimeter
to the crystal (PbWO,) calorimeter of CMS

Preshower Barrel End-cap

754 PM’s

in barrel

Ioems | _
ECAL (2x24 gondolas) A TeV em shower contained
Scint.-Pb sandwich, 1.2mmPb/1.5mmSci in a crystal of 24x2x2cms3
AdpAn= 180° x 0.14; 27X, deep, four segments
in depth + 2x32 radial sectors in end-caps 74.000 crystals
ECAL acceptance: Inl <3.0 ‘ L.,=9mm, R__ =2cm (An = 0.014)
Resolution for electrons/photons: Factor ~10? read out with avalanche photo-diodes in
AE/E = 14%NE + 3%(sust) in granularity!  barrel and VPT’s in the end-caps
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The CMS (Compact Muon Solenoid) detector

CMS designed
in ~1991/92,
design optimized
up to ~1995;
Prototypes for
sub-detectors
tested up to ~
2000;

beam

Overall cost
~ 630MCHF
high lumi.

Version

beam

Construction from
~ 2000 till 2008
Operational in
Sept 2008

Total weight : 12,500t —
Overall diameter : 15.00m P :

Overall length : 21.60m — |RETURN YOXE
Magnetic field : 4 Tesla
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From the construction phase of CMS:
A delicate operation, YB0 emerging from the shaft into the

underground experimental cavern, Feb. 28-th 2007

CMSeye 28 February 2007 17:39
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The central
piece of CMS,
of 2500 tons
on four cables
after a trip of
100 meters in
10 hours!
Clearance of
~20 cm in the
shaft!



ATLAS

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker



CMS - of quasi-celestial harmony and perfection!
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enough of history and the past,
what is going on now?
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Delivered Luminosity [fb 1]

robably
par

[ [ [ [ [ [ | [ | [ I

10— ATLAS Online Luminosity _

i 2010pp\s=7Tev LUMINosity so far, pi

- ==2011pp\s=7Tev  ~20fb" by end of ys

8_— w2012 pp \s = 8 TeV / __

4 .

O_ L1 L]
3ot o' ol ot

Month in Year

Luminosity delivered to ATLAS last three years,
Vs =7, 8 TeV, data taking efficiency in 2012,

Total Integrated Luminosity [fb 1]

O a N W b 01 OO0 N oo

30/03

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

ATLAS Online Luminosity Vs=8TeV

|:| LHC Delivered
[]

ATLAS Recorded

Total Delivered: 6.63 fb”!
Total Recorded: 6.28 fb’

ATLAS data-taking
efficiency 94.6%

Illlllllllllll[llllllllllllllll lIIllIlIlIIIl

| |

22/06
Day in 2012

27104 25/05

Peak luminosity in 2012 ~ 6.8 x1033 cm=2s™! , up to 200 pb-'/day and up to
1fb-1/week has been achieved, and down to 2.1 hours turn-around time!

ATLAS and CMS working at >~ 95% efficiency, remarkable after 3 years of running

‘ The start of Long Shutdown-1 postponed by 2 months!
p-p running up to Dec.17th, proton-Pb running Jan.14 - Feb.11th.
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LHC operation in 2012: pile-up, up to ~ 30

h spacing) - a major challenge for the tracke

NNV LI oI ST Do A I — 257 :

ST G s ==
X ﬁ?”ig S 77> 3 :
AR

3

&l

N
\\\\ K
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= . 2N T N\ : -
AN 7N WSS

26 LI I 17T I LI | 1T | LI I LI I LI I 1T | LI I T

Z — pp event from 2012 data in 3 245— D NSIR R essonstr A —
ATLAS with 25 reconstructed £ 225 1 BAa3013ENENS suppression STVF =
vertices % 200 zow E
18 Vs =8TeV ) _+_ 3

16 JLdt=1.7 o . +;}%# =

14[- 0jets p_>20 GeV - - =

E; miss resolution vs pile-up 125 Bk 5

In Z — pp events before and 1o =" =

after pile-up suppression 8 s e s mwmwmmeAaaw

using tracking information % 24 e T8 10 12 1416 18
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Some new particles have already been found

at the LHC.....

I T T T I T T T I T T T I T T T I T T T I T T T
ATLAS e Data:Y(1S)y —— Fitto Y(1S)y

A Data:Y(2S)y —— Fitto Y(2S)y
----- Background to Y(1S)y

Ldt=4.4 fb"

2
j
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() ]
S —
[Te) ]
8 E
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s 140 -
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= 1 ! 1 1 1 1 | 1 o RN ! | ! ! | | 1 1 L
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=*0_ by CMS

Charm sector cousin: 56(2645)0 — Ej T

p—

2, 0=E T =E Yy it Anutu T sptn n wtu et

Expected Q(Zp*0) = M(Z*) - M(Zp") = M(TT*) ~ 11-29 MeV
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and some are melting away......
Ypsilons suppression in Pb-Pb collisions, CMS

ABOO__' LN L N I I O B L ,__ '_‘& N P N L L LA DAL LR
S - Preliminary ﬂ CMS PbPb \/% =276 TeV _ g 1'4:_ CMS Preliminary, PP\ sy = 2.761TeV —Z
S7OF . gata Cent. 0-100%, Iyl <2.4 1 = 1 of - stet. unc. L = 150 00 )
— N . ' P ' 1 & el mem syst. unc. lyl <2.4 u
S 600 PbPD fit Line = 150 ub”’ — ;- i pp unc. p‘T‘ >4 GeV/c ]
R s pp shape Pl >4 GeVic 1 & 1 ]
£ 500 ; 1= §
§ E ¢ pp E E 0-8p 40-50% B
LU 400:_ : / _: g>\l)~ . 6:_ ] 20-30% _Z
- PbPb - > [50-100% 30-40% oo
300 = ' / e 0.4k . + + 10-20%  5-10% ]
: WA 1 z
200 :— L — —kwﬁﬁ . —: 02 \ + ; +
— ¢ ¢ 4 i i
100? w O_I L1 1 I | I | L1 1 I 11 1 1 I | | I | I | | 11 1 | 11 l_
- . 0 50 100N\150 200 250 300 350 400
—I 11 1 I 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 | 1 1 I— N al
% 8 9 10 11 12 13 14 P _
My (GeV/c?) To study onset of suppression
_ _ of Y states either much more
Sequential suppression of Y states statistics needed or collisions
In Pb-Pb with lighter nuclei.....
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Some should appear soon...

Search for rare decays B%; ; — u*
Indirect search for new physics via

raredecays' BS%!J.*-!,l- 310'GEII£IIIllllglllllllllllllllll;
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10°

Events

104

10°

102

10

signimcance

QCD, inclusive jets and dijets

2 —e-Data -
L —Fit -
u \s = 8 TeV .
3 [Lar=581" 3
&5 :
E | =13.8/16 =
- 2012 data :
- ATLAS Preliminary -
E. ! 1 ! ! 1 1 1 l l E..-
- — i I
:_ P | 1 P | P | L L I 1 L1 1 —l:

2000 3000 2000

Reconstructed m, [GeV]

Limits: m(g*) > 3.66 TeV;
L (contact interaction) > 7.6 TeV

Inclusive jet and dijets. 2-4% JES.
Constrains gluon PDF up to x = 0.6



EWK physics, W and Z at forward rapidities,
LHCb complementary to ATLAS and CMS

Production and Decay of a W'

W rapidity cannot be measured but

+ —
¢ W*+— |eptontv charge asymmetry vs. n W 0
can, and is highly constraining for q W+- t
*  structure functions q

s e doldy((*) - doldn(0”) v,

) do/ d”(€+) + dG/dT’([) charge asymmetry VS. M

| T 1T 1 I L I UL I UL l lllllllllllllllllll

0.3 \s=7 TeV 4 ATLAS+CMS+LHCD-
- it O, Preliminary -
0.2 C 7.“" g R

xf
March 2011
=

—— HERAPDFLS (prel.)

- exp. uncert.
\:l model uncert.
\:’ parametrization uncer

08—

0.6

%41 xg (x0.05)

0.2

0.1

HERAPDF Structure Function Working Group

0

Lepton charge asymmetry

-0~ ATLAS (extrapolated data, W — Iv) 35 pb
Unique kinematic range 0.1~ & CMS (W—> pv) 36 pb"
down to x =8 106 for ®  LHCb (W— pv) 36 pb’

MSTWO8 prediction (MC@NLO, 90% C.L.)
FEEE CTEQS6 prediction (MC@NLO, 90% C.L.)

0.3 W HERA1 0 predlctlon (MC@NLO 90% C. L)
- e T S ey v | | 11 1 | l 11 1

n,=-1In tg(e /2) I |

W/Z production at LHCb I -0.2

|IIII|IIII|IIII|IIII|IIII|I

IIIIIIIIIlIIIIlIIIIIII
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Overview of EWK and top physics

8105 - ATLAS Preliminary
= — 35pb” |
S = SEE— LHC pp ¥s =7 TeV
© 4 B 35pb! Theory
10" = m Data 2010 (L = 35 pb™)
— © Data2011(L=1.0-4.7 fb™)
10° LHC pp ys = 8 TeV
— msm Theory
= ® Data 2012 (L=5.7fb™)
— =
10% & tof! 7
— e
— 1.0 fb™ .
L 4.7 fb :
10 T 5710
= R O e
— 4.7 b
T Tz g 't T ww I wz I wt | zz

These channels are important on their own right and must be well understood
as most of these processes are backgrounds to Higgs searches

D. Denegri; Higgs Hunting, Orsay, July 2012



CMS Preliminary, \s=8 TeV

Top at the LHC,

q

— 0 —
CMS l+jets (e/u+jets)
TOP-12-006 (L=2.8/fb)

@2
CMS dilepton (ee,uu,en)
TOP-12-007 (L=2.4/fb)

—@->

-

CMS combined

29
228+ 9+22 +10 pb

(val. + stat. + syst. £ lumi.)

227 + 3+11+10pb

(val. + stat. + syst. + lumi.)

227+ 311+ 10pb

(val.+ stat.+ syst. + lumi.)

EEEEE Approx. NNLO QCD, Ki akis, arXiv:1205.3453 (2012)
1 Approx. NNLO QCD, Cacciari al arXiv:1111.5869 (2011
—1 Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale ® PDF uncertainty)
[——1 Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale rtainty)
0 100 200 300 400
o(tt) (pb)

The LHC cought-up with the Tevatron:
CMS average : 172.6 +0.4 + 1.2 GeV

cross section and mass, an |mportant |ssue....

/

| l

ATLAS 2011 ( TJ ), I+jets
ATLAS-CONF-2011-120, 0.7 fb"

CMS 2010 ( 1), I+jets
CMS-PAS-TOP-10-009, 36 pb™!

CMS 2011 (1 ), u+jets
CMS-PAS-TOP-11-015, 4.9 fb™'

CDF 2010 ( MJ ), I+jets
CDF-II, 5.6 fb™

DO 2011 ( M4 ), I+jets

evatron average
Tevatron prel., July 2011

|

I l I I

1759+ 0.9 + 2.7 GeV
(value * stat + syst)

1731+ 2.1+ 2.7 GeV
(value * stat + syst)

172.6 + 0.6 + 1.2 GeV
(value + stat + syst)

173.0+ 0.9 + 0.9 GeV
(value * stat + syst)

1749+ 1.1+ 1.0 GeV
(value * stat + syst)

173.2+ 0.6 + 0.8 GeV
(value * stat + syst)

1 I | |

Tevatron average: 173.2 £ 0.6 = 0.8 GeV

165

Methods

170

T: Template, |: Ideogram, M: Matrix Element, J: with JES

175

180
m, [GeV]

‘ A significant improvement expected with the channel tt — bWbW — blvbgq with

b— vy + X withy — utu but this requires >~ 100 - 300 fb-"

vacuum stability questions depend sensitively on Am,,, and Am,,

D. Denegri; Higgs Hunting, Orsay, July 2012



Events / GeV

Events / GeV

.z I, W

105 L) T l Ll Ll T L T L T L I T

10° CMS Preliminary, Vs = 8 TeV f Ldt=4.11fb"
—e— DATA

10° .
CJvz—wu

10
10
1
10
102

[ i + other prompt leptons

ets

10°
10-4 PR | N N
80 100 200 300 1000 2000
m(u'n) [GeV]
10° —— '
10° CMS Preliminary, Vs = 8 TeV f Ldt=361b"
10° —e— DATA
[ viz—e'e
10° [ i + other prompt leptons
10 [ jets (data)
1
10
102
10°
104 x . . v
80 100 200 300 1000 2000
m(ee) [GeV]

(Z'sep) > 2.5FeV @95CL 10k
b M(W’eg,,) > 2.8 TeV,@

Events/bin

Significance

10°
10°

10"
102

10

l+v searches, Vs = 8 TeV, GRS —> YY

> 10"°F  cMs 2012 Preliminary | -I Diboson !

=}
(g 10 det_367fb B DY -~ e
8 108 s =8 TeV W v

7 — _
; 106 wrev === tt + single top
= 10 B qco
S 10° EEwsev
iy 10° - Data

10° —— W' — ev M=1.3 TeV

— W' — ev M=2.3 TeV

overflow bin

102
102

IL dt=4.91b"
\s =7TeV

10

—e-2011 data
[JTotal Background
. ‘Reducible Background
syst @ stat (total) :
syst @ stat (reducible) 3
RS, k&/M,, =0.1,m, =1.5TeV T
[ JADD, GRW, M = 2.5 TeV )

2000 3000
m,, [GeV]

200 300 400



Large variety of SU
for ex. status in ATLAS.

SY searches,
June 2012. ~ 5 fb!

ATLAS SUSY Searches”* - 95% CL Lower Limits (Status: ICHEP 2012)
' T

D. Denegri; Higgs Hunting, Orsay, July 2012

. . | I T T T 11T | | | I T TT _ L I I T TTT T T
"MSUGRA/CMSSM : O lep + j's + E, e |L=4.7 fb7, 7 TeV [ATLAS-CONF-2012-033! .JLT.V q =g mass I
+j's + S ) g=g _
o MSUGRAICMSSM 1 lep + j's ET,mras Lﬂ.?!bﬂ.?hV[ATLASOO'FMMﬂ 12Tev. Q=g mass ILdl =(0.03 - 4.8) fb 1
2 MSUGRA/CMSSM : O lep + multue.ts + Ey e |L=47 7.7 Tev [1206.1760) 840 GeV. |g Mass _({large m)
2 Pheno model : O lep +j's + E, .. |L=4.7 b7 TeV [ATLAS-CONF-2012-033] 38 TeV gmass (m@ =< 27ev, I»ghl/ ) fs=7TeV
b Pheno model Olep +js + E, ... |t=471b" 7 TeV [ATLAS-CONF-2012-033] 940 GeV| g mass (m(q) <27TeV, light 7, i)
2 Gluino med. ¥ (g—>qﬁx Jillep+js+E, _ [L=471b"7 TeV [ATLAS-CONF-2012-041] s006Gev | g mass (miz" |) < 200 GeV, mu = —{mu 1+mi@)) ATL_AS
z GMSB : 2 lep OSSF + E, ... |£=101b"7 TeV [ATLAS-CONF-2011-156] #i0Gav! § mass (ang < 25) Preliminary
2 GMSB : 1t +j's+E ' |(e2ih77eV 12043852) 920Gev| g mass (tang > 20)
GMSB : 2-t+j's+E ' |(=2415" 7 eV [1203.6560) 890Gey §mass (tang > 20)
) GGM :yy +E mse |L=4.8107.7 TeV [ATLAS-CONF-2012-072] 107714V g mass imix, °) > 50 Gev)
g—)bb,( (virtual b) o Iep +1/2 b-] s + Er miss g mass {mu )< 300 GaV)
£ B g—;bb,( (yirtual b):0lep+3b-js +E, ... gmass (M) < 400 Gev)
§ 3 g—>t3b,( (realb):Olep+3b-j's+E, ... gmass (mix,) = 60 Gev)
a D g—>tt,( (vnrtualt)_ Tlep+12b-s+E, .. ass (m(,{ ) < 150 Gav)
S § g—;tt' (vnrtualt) 2lep (SS)+ s+ E; .. Ass (mu )< 210 GaV)
g S g—m,( virtual t) Olep + multi-j's +E, .. g mass (mb( ). 100 GeV)
& D g—>tt,( (wrtualt) Olep+3b-j's+E, .. g mass (mu ,) <50 Gev)
.......................... Q:ﬂtx (rea l)”...Q..lept{.i. b-j's + Ey uee § mass (miz, >-6° Gev)
0 = bb,b —)b,( :Olep + 2-b-jets + E, ... [t=241b7.7 TeV [1112.3632) _ 390 Gov b mass (m{ )< 60 GeV)
;ED »% _ tt (very Ilght) t—)b,( :2lep+E, |t=471b7.7 eV [CONF-2012.059) 135GeV t mass (mu )= 45 GeV)
§ 2 tt (light), t—by :1/2 Iep +b-jet+ E, _ _ |t=47M".7TeV[CONF-2012-070) 120-173GeV  t mass i |) =45 GeV)
o g_ u (heavy), t_>t‘i o lep + b-jet + E, e |£=47 b, 7 TeV [CONF-2012-074) 380-465 Gev _t mass m(-zf) =0)
S = n (heavy), t—ty_:1lep + b-jet + E; .. |L=4.7 "7 TeV [CONF-2012-073) 230340 AV t mass (4 (-z‘:) =0)
22 T (heavy), t—)t,( 2 lep + b-jet + E, . |t=47 ™. 7 TeV [CONF-2012-071) 298-305 GeV ass (m[-,j“’) =
m“ ot (GMSBL Z(—)II + b-jet + E [£=21 17, 7 Tev [1204.6736) 310 GeV ass (115<m i‘:) < 230 GaV)
> = ol I—)I,( -2 lep + E, mise  |L=4.7 b7, 7 TeV [CONF-2012-076) @3980Gev| | mass | (z”) =0)
o2 _513 T SV(IV)=Ivy, - 2 lep + E | nes |L=4.7 17,7 TeV [CONF-2012-076) . 120-330 GeV mas_f.t (mizl) = 0. miv) ——(m(x )omu W
« XAy = 23|(|\.\.)+v+2‘ :3lep+E, L=4.7 tb”, 7 TeV [CONF-2012 . %, mass| (miz, )-mu ) mu 0= o, m{i¥) as above)
AMéB long-| llved %, L=4.7 tb”, 7 TeV [CONF-2012-034]118 GeV '21 mass (1<} ) <2 ns. 90 GeV init in [0. 2 90) ns)
2 2 Stable g R-hadrons : Full detector |L=4.7fb™, 7 TeV [ATLAS-CONF-2012-075] 985 GeV g mass
= =
38 Stable b R-hadrons : Full detector '-"~"b:-"‘" NSRRI Y] 612Gev. b maps
S Stable t R-hadrons : Full detector [£=4:7 fb™. 7 TeV JATLAS-CONF-2012-075] g83iGevll t mass ~
S Metastable g R-hadrons : Pixel det. only [L=4.71b™.7 TeV [ATLAS-CONF-2012-075] 9106GeV. |g Mass (z(g) > 10 ns)
) GMSB : stable T [L=4.7 fb™. 7 TeV [ATLAS-CONF-2012-075] Imass (5 <tanf] < 20)
- - RPV : hlgh mass el V. mass (4,010, 4, ,=0.05)
& Blllneargg:/R;\I/ep;I] s + g, miss a mass (67 5p < 15 mm)
, ep+E; .. g mass
5 Hypercolour scalar gluons : 4 jets, my=m,, [L=34pb”.7 TeV [1110.2693) 100-185GeV| sSgluon mass (not excluded: m,, = 140+ 3 GeV)
=  Spin dep. WIMP interaction : monojet + E, ese  |L=4.7 b7, 7 TeV [ATLAS-CONF-2012-084) 700 Gev' M*[scale (m, <100 GeV. vector D5, Dirac %)
© ~ Spin indep. WIMP interaction : monojet + E, L-a.rm".rr.vw'm.commuu' s548Gev. M™ sca {m, < 100 GeV, tensor D9, Dirac )
) ] ] [ ] ] |||||||1 ] ] ||||||| ] ]
For st ly int ti ticles limit t ~1TeV,,,
*Only a selection of the available mass limits on new states or phenomena shown

For stops it is ~300-400GeV



the Higgs.....
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Events/10 GeV
o

H—- ZZ,Z2Z2*— 4 leptons search in ATLAS,
final selection, 2011 + 2012 data ~ 10.6 fb1

ATLAS Preliminary
* Data
I Background ZZ

B Background Z+jets, tt
[]Signa (mH=1 25 GeV)
B Signal (mH=190 GeV)
B Signal (mH=360 GeV)
%% Syst.Unc.

H—-zZ" -4l
s =7 TeV: [Ldt = 4.8 fb™
(s =8 TeV:[Ldt=5.8 fb”

200 400 600
my, [GeV]

m(4l) > 160 GeV (largely ZZ bkgd):
147 = 11 events expected
191 observed

~ 1.3 times more ZZ data than the SM prediction

measured o(ZZ) =9.3 1.2 pb
SM (NLO) o(ZZ) = 7.4+ 0.4 pb

D. Denegri; Higgs Hunting, Orsay, July 2012

Events/5 GeV

[\S)
(9)]

W
%))

w
o

N
o

* Data
I Background ZZ
[ Background Z+jets, tt
[ Signal (m =125 GeV)
[ Signal (m, =150 GeV)
B Signal (mH=1 90 GeV)
7% Syst.Unc.

s=7TeV:[Ldt=4.8 b’
s=8TeV:[Ldt=5.8 fb

150

ATLAS Preliminary
H—->zZ" -4l

200

250
m,, [GeV]



H — puup candidate in ATLAS, Vs = 8TeV,

with m(4p) = 125.1GeV

—

= RILAS

http://atlas.ch

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST

pr (muons)= 36.1, 47.5, 26.4, 71 .7 GeV, m,,= 86.3 GeV, m3,= 31.6 GeV

15 reconstructed vertices
D. Denegri; Higgs Hunting, Orsay, July 2012



Events / 10 GeV

‘1 H — ZZ, Zz*— 4 leptons search in CMS, _
= 2011 + 2012 data, ~ 10.3 fb"! e

/ s
1 64 events expeCted In 100_800 GeV CMS Preliminary \S:?TGV.L:SOL}KS=OIBV.L=OCOIU
172 events observed in 100-800 GeV % i
@ 120 - Data * 15 Lk
Cy§ﬁei.m':“}q 4 ‘;'3771T10v YngisYos VR’Y Y(I_ 218'1'.v7 'LY Vs'x; ? m :
25: T T T T X [I)a(a : ; 10-_ .Z+X
[ B zx : e [ | zrrzz
20+ DZY"ZZ = Q 8— o
—
[ ]m,=126 GeV - R | |m=126 Gev
15+ Full n’@s&%ﬁ@%’ ] 6-_
[ ] : L0}
10 N '

I |
100 200 300 400 500 600 700 800
m,, [GeV]

event by event error on mass
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H — ZZ — eeuun candidate event in CMS,
Vs = 8 TeV, data of June 2012

CMSiExperiment at the LHC, CERN

Datarecorded: 2012-May-27 23:35:47.271030 GMT(01:35:47 CEST)
Run: 195099

Event: 137440354

Lumi section: 118§

Orbit: 30119285

Crossing: 589

(c) CERN 2004. All rights reserved http:/liguana.cam.chlispy
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H - ZZ,722*— 4 leptons search in CMS,
2011 + 2012 data, ~10.3 fb-!, angular analysis..A

Nau TTOV L a 808 B NanbToV Ludn’ . CMS Preliminary 2012
. PRt

\B#7 ToV, L=5.05 b, V=8 ToV, L=5.26 i
= -

- 2e2mu |
-+ de
*4mu 108

MELA

¢

0.6

0.4

y 4t
L]
1+J11111111J1111111111111LL

0.2

CMS simulation
Higgs, 126 GeV

110 120 130 140 150 160 170 180
m,, [GeV]

1111111

4

160 170 180 ©
m,, [GeV]

0 Y00 110 120 130 140 150

MELA variable incorporates
information on the two
masses Z, and Z, and 5 angles

CMS Predm nary VSTV L 505 A d TV Las2en '

5 % - tA t * Data
o o 7._0& d B
< 2 'IMELA > 0.5 ax
Py B 6F Ozr'zz
SS9 sM H(125 GeV) 18 ¢t m =126 GeV
So0.12| oW 5F Si | b .
06 - | N - |gna enaviour
B oy  aazz S
© ! . . ] "
04 Eo08f Signal behaviour ab
<0.06| -
02 0.04// :
TR e - 0.02 ////‘// i3 r[ 1 R A A A
900 110 120 130 140 150 160 170 180 00 0.10.2 030405 0.6 0.7 0.8641 0=
m,, [GeV] MELA 110 120 130 140 150 160 170 180

D. Denegri; Higgs Hunting, Orsay, July 2012 m, [GeV]



CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000

D. Denegri; Higgs Hunting, Orsay, July 2012 m2W - 2 E1 E2 (1 = 00891 2)



un Number: 203779, Event Number: 56662314

Date: 2012-05-23 22:19:29 CEST

D. Denegri; Higgs Hun



H — yy in ATLAS and CMS

>2400:'"I""I""I""I'"'I" -
& 20200 Selected diphoton sample %:2000: CMS Preliminary ¢ S"BBV:engmed Data
: = ®  Data 2011 and 2012 . 1s=7TeV,L=5.11fb" SO
g 2000 Sig + Bkg inclusive ft (m, = 126.5 GeV) ('3180()? 5 3TaV LoEaM! : Bkg Fit Component
oo 1800P% ., . 4th order polynomial @1600 — ‘ [
1600 r | — & [:] 20
=7TeV, | Ldt=4.81b o
1400 e f :;1400_
1200 5=8TeV, f Ldt =59 =1200}
1000 21000
800 L -
600 3 800?
_C -
. 5o
9D 400F
o) ; u
B 100 200
g 0 L N 1 1
& o 0 120 140
00 110 120 130 140 150 160 my., (GeV)
m,, [GeV]
Expected: 110-139.5 GeV Minimum local p-value at 125 GeV
Excluded (95% CL): with a local significance of 4.1 o

D. Denegri;

112-122.5 GeV, 132-143 GeV
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prospects, near future at least
by the end of 2012 we should have ~ 25 - 30 fb-"

....... medium term prospects
after LTS-1 (2013/14) we should be getting >~ 50fb-'/year,
after LTS-2 (2017/18) >~100fb-1/year

The obvious questions now: is the object seen the Higgs?
- mass, JP, more BR’s, more precisely
- is it the SM, the SUSY lightest, a composite etc??

with > ~" 300 - 500 fb-! look for new modes
(Hgy — £y, Hgy — utw at known Higgs mass)

with > ~1000 fb! look for HHH couplings.....

D. Denegri; Higgs Hunting, Orsay, July 2012



Implications for MSSM of a 125 GeV Higgs

- th&mass really matters, filters out possible models...

; 135 : rrr1rrrr L0 IS L MR A I L T2 LN L AL FTET B LT[ * | LB L N (U |:
m -
e 130 [— 1 nunm
= | B cmssm
125 — vemssm  124-127GeV
i NMSSM
1 20 : . No-scale
Some SUSY scenarios GMSB
are clearly in trouble... 445 | B amss
\ 10, 10 20 30 40 50
tan B
model | amsb | gmsb | sugra | noscale | cnmssm | vemssm | nuhm
M | 120 121 128 123 123 126 128

CERN 27/03/2012

D. Denegri; Higgs Hunting, Orsay, July 2012

Implications of a 125 GeV Higgs — A. Djouadi — p.17/2(



E The mass, and the mass matters!

- — -, ——
B CMS Preliminary * Combined . - . CMS Preliminary = Combined ;:
B H—oZZ +yy + H-7y (untagged) = 9 \s=7Tev.L=5.11fp" | HYr(untagged)y
© 5 \s-7Tev.L=51M" * H-1r(VBFiag) | f, gl Vs=8TeV,L=53fs" |~ 271 (VBFtag) |
\s=8TeV,L=53f" ¥ H=2Z , : — H-2Z |
4 7; =
6’_ -4
3 5: .
af /-
3 _
2_ -

1 N/ 74

P23 124 125 126 127 128 129 TR 126 128

Mass (GeV) Mass (GeV)

Fit for the common mass in the three channels: my = 125.3 £ 0.4 £ 0.5 GeV

H — vy should give the best result. We are limited by our capability to reach the

ultimate performance in the calibration of the ECAL Improvements: use of di-jet
tagged channels and VH production (VBF and VH - better S/B, but needs large
stat....). Accuracy on the mass possibly down to ~ 400 MeV with 30fb!

D. Denegri; Higgs Hunting, Orsay, July 2012
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A m, [GeV]
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The m

V;-’TQV.LI50b“
VeaB8TeV L-530"

ass, H - ZZ*— 4 leptons channel

CMS Prelminary

4-lepton mass resolution 1-2%
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TS e I VL Y L S N ! NN S W
-1 '*f‘ ...... o e b ! | [ o e
x| of ® i i i i i Ji o
400 500 600 700 800

m4l

[GeV]

At present totally statistics limited, even with ~25fb-1. For electron component
limited by our capability to reach the ultimate performance of the ECAL
Muon component will have a totally independent/different systematics.

‘ This channel is of primary importance for the spin-parity determination!
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H— ZZ,ZZ*— 4 leptons,
possible scalar vs pseudoscalar separation with 35 fb-'

CMS Simulation
T Y I T

Pixe(my, mg, 01,62, ®, 6%, ® 1)

MELA = |1+
[ Pig(ma, ma, 01,0, D, 6%, y|my)

MELA variable incorporates information on the two
masses Z, and Z, and 5 angles allowing a strong
discrimination against background

18 =7 TeV.L =5.05 b Vs =8 TeV,L=301b ' PRD81 , 075022(201 O)

@ 900F |

800}

o O
o O
I I |

Generated Experimen
o
o
| L T

W A, O O N
o
o
|

o
o
lllll-

= N
o O
o O

—

-

SM, 0+

PS, 0-

LI B

l T T ] L I T T 1 7_'
J‘"L

H 5+30fb!

1 We shall probably have
]fhj 1 a ~3o separation 0+ vs O-
| l 1 by the LS-1 - end 2012

J( . 2 =
L Z
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hecking for compatibility with SM Higgs:

sig rengths in various production channels and decay modes
p— | p—
'm, =125 GeV CMS Preliminary m,, = 125 GeV CMS Preliminary
\s=7TeV.L=5.11fb' \s=7TeV,L=5.1fb'
\s=8TeV,L=531fb’ \s=8TeV,L=531b'
H — bb —.—J
Untagged
H— 1t i
VBF tagged
H— vy -
VH tagged -
99 H—-»> WW
ttH tagged - H.-s 27
PR BT e e .- | . | SRS FEERE FER T P [EETE RN AT TE FREE
3 -2 1 5 -3 2 -1 0 5

1.2 3 4 1.2 3 4
Best fit <:;/csSMH Best fit (s/csSMH

For several modes we have not yet even reached sensitivity to distinguish SM
from background!

This is just the beginning, we should strive to get (ratios of) BR’s to ~5 - 10%
accuracy with ~300 - 1000 fb-
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Higgs production and theoretical uncertainties

87.4 % @120 GeV

4
ggfusion: | >------ H WW, ZZ fusion:
4

54 %

q
W, 7
W, Z strahlung: .
q N

H

W, Z
tt fusion:

£ 0000000

Gluon-gluon fusion, the dominant

production mechanism at LHC, is still

affected by a significant uncertain

ty

and knowing as precisely as possible

what is the production cross section -

will be very important in the (near
future to understand the exact
nature of the object seen....
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7;1 A 125 GeV Higgs is a particularly favorable case

A Higgs boson with a mass of 125 GeV is “well located” i.e. in a mass range in

which a number of decay modes is accessible, bosonic and fermionic.
1 __I T T T T T T

WW =
TS

ZZ

LHC HIGGS XS WG 2011

09 tt —

Higgs BR + Total Uncert
o

=X _
i N\ accessible at -
- ~100-300fb-1
107 E
- Hgy —utu” (BR ~ 10%)
the mupn collider mode
J \ accesﬁible at ~ 300fb1
103 — Y : e
100 A0 300 400 500 1000
M, [GeV]

The main task in the coming years will be to determine branching ratios - from
production cross sections and decays in the various modes - to clarify the nature
of the object seen.....SM, SUSY, composite....
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Looking at the future

- We are doing much better than expected!, not only ~20 years ago when
the LHC adventure started, but even few years ago (Physics TDRs)!

- With half the energy (7-8 TeV) and almost the design inst. luminosity
at twice the pile-up (50 vs 25 nsec), but ~1/3 the integrated luminosity
thought to be needed, we most likely have the Higgs!

Performances on physics objects (eff., purity, isolation - for electrons,
taus, b-jets etc resolution on Etmiss, taus ...) as well as full physics
channel analyses are much better - due to Tevatron-induced more
sophisticated software/analysis tools (BDT, MVA etc) - than we thought
they will be,

- and we are coping much better with pile-up than initially feard.

Thus we can look with confidence at vs=13-14 TeV, 2 - 4 x10%4cm2s"
(25 ns) and getting ~50 -100 fb-'/year looks very promising!
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"

A key instrumental issue in ~ 5 - 8 years, needed to improve S/B in VB
fusion/scattering processes pp — qgH, qqVV ...., investigating unitarity
constraint, if elementary H or not....? The problem is pile-up!

' < ¢ v-il‘? N \\‘
e s

Methods: - increase forward calo
granularity, reduce jet reconstruction cone
0.4 to ~ 0.2, optimise jet algorithms to
minimize false jets;

introduce some tracking beyond 2.5 in
rapidity with resolution 6z ~2-3mm, or
ot ~ 20-40 psec, and/or a device to
count impacts/density on front face

of VFCAL
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CMS: Pixels and HCAL upgrades 2013 - 1016

e New Pixels Design
— 4 barrel layers and

3 endcap disks at each end.

smaller inner radius
—— Reduced mass

¢ |nstallation date
— Ready by late-2016,

e New HCAL Design
- HF new PMT

— Replace HPDs with SiPMs in HB

and HE
- longitudinal segmentation

e Installation date

- HF full PMT in LS1

- HBHE slice after LST
- HB and HE in LS2
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Future ~ 300 - 1000 - 3000fb-' (EWK sector)
8 WW scattering, new Higgs modes, QGC’s, HHH?

) M K\p- - 0@6 we must look how the Higgs boson Standard

controls the cross-section growth for the

:,V/V\\:,_; s %/; scattering of longitudinal W’s at ~1TeV.

‘ Increased statistics 3-600 fb-! will allow to look for additional modes, for example:
Hey — utu” (BR ~ 104) - the muon collider mode!
Hgy— Zy — Iy (BR ~107); H*= — uv

ﬂ extend significantly coverage of the MSSM parameter space, for example in:
A/H— utu’, AIH— vt~ — ue, A/IH— vt — w/e + t-pet , A/H — t't~ — T-pet+T-0ET
H* — tv

‘ Test of high energy behaviourof weak interactio QGC
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Conclusions

The LHC is an incredible technological and scientific endeavor - on a
world-wide scale

The LHC started operation in 2010, in 2012 LHC restarted at 8 TeV with a
luminosity approaching 7 x 1033cm s - almost at the design value! - and
delivering up to 1fb-! per week to ATLAS and CMS.

All experiments ATLAS, CMS, ALICE and LHCDb have taken in 2011 and
2012 quality data, operating with very high efficiencies. ATLAS and CMS are
experiments of unprecedented complexity. The analysis of ~10 fb-! of data
gives sign in both experiments and in two distinct channels of the production of
a Higgs-like object at ~125 GeV at the expected level of sensitivity for a SM
Higgs.

The second half of year 2012 will be exciting, with ~ 20 - 25 fb-! by the end
of 2012, much progress will be made towards clarifying the exact nature of the
object seen! And watch out for SUSY!

The LHC will go to ~13 TeV in 2014/15 and feed the world particle physics
community for the next ~ 10 - 20 years
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Central region of CMS; detector functions

Tracking + Ecal + Hcal + Muons for |n|<2.4

Oom im . 2m 3m . Am . 5m 6m /m
Key: all calorimetry fully contained within coil
Muon
Electron
Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)
----- Photon
@
€
0,
Silicon
Tracker
) Elec or'nagnetic %
)ll]" Calbrimeter g
Hadron Superconducting é
Calorimeter Solenoid 5
= - momentum resolution from curvature: oR et yokk lnseisparsed i
through CMS . ot §
Ap/p~ep/(VnB I2) redundancy and robustness in muon system
Si TRACKER CALORIMETERS MUON BARREL
ECA AL : .
Silicon Microstrips Scimifiaing PIASh scintillator/brass Drift Tube Resistive Plate
and Pixels PbWO4 Crystals sandwich Chambers (DT) Chambers (RPC)
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=%, event in CMS

CMS Experiment at LHC, CERN
Data recorded: Thu Oct 13 05:38:12 2011 CEST
.. Run/Event: 178421 / 533709680

Ey =B, T =E Jy nt=An i —=ptn nutu Tt
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Essential requirements:
excellent photon ID (against, nt°, jets)
excellent yy mass resolution of ~1%

ma,, =2 E4E, (1 - cos0,,)

Selection criteria:

Er(y1) > myy/3,

Er(vp) > myy/4

photons are isolated: PF isolation
photon id is based on MVA output

- Blind analysis in 2012
- Background MC only used
for analysis optimization,

_7 — ee also used to After full selection, we expect for 10.3 fb-!
measure photon efficiencies ~ 120 signal events
and resquF’;ion with data ~ 6000 bkgd events in 20 mass window at 125 GeV

i.e. S/B ~ 4% inclusive (~ 20% VBF-2jet category)
Irreducible yy bkgd dominant ~70%
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H — yy search in CMS, 2012 data, Vs = 8TeV,

event classes

To increase sensitivity events subdivided in 6 classes (depending on y rapidity,
P, "7, cluster size, jets....); mass distributions for each event class:

; 35“ CMS Predminary ¢ Data ; 160 CMS Prefiminary ® Oata ; 400§' CMS Predemenary ¢ Data
[ ;. . ' — S.8Fn (4] N s —— S.8Fn [ FicaBT . — 5.8 Fn
o : is=8TeV L5230 Big R Companent o is=8TeV, L an (5 : 1s=8TeV L5300 » Sha P Companant
~ 30p tle ~ 140 - 350; ] 10
g e B :20 S — :‘ B 20
3 25: PBOT »e 000 .u_, 120 2') 300 090 <« BOT «OTY
$ x & 100 g 250/ A%
o 208 e T Untagged 2
2 Untagged 0 80 200/
15} E
60 150f
107 40 1005
5t el 3
20 50
t Rt LIX L) —— | ¢ . a A )
?OO 120 140 160 1€ ?00 120 140 160 1¢ ?00 120 140 160 180
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- 2 CMS Predminary ¢ Data — ) p. ;
8 8005- s=8TeV. L5380 B 5‘9:"_ - CMS Prefiminary . 1;1-0.‘ % 20: CMS Prefiminary . ; 2:;-:'
2 ool o SariGereeest | 8§ BpwsesTevii.saw' 2SR | G 1gpre-eTeVL-S3m wvesse By Ft Componest
: : B 20 : - 1s%e : 165‘ ‘e
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&3 : Untagged 3 $ 5 z
400 - w w
: 4
300;
1 3
200:
100}
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Sum of mass distributions for each event class, weighted by S/B, B is integral of
background model over a constant signal fraction interval

<2000
()]

(51800
©1600

e

800
600
400
200

Weighted E
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- Minimum local p-value at 125 GeV with a local significance of 4.1 ¢
- Global significance (with LEE) in the full search range (110-150 GeV): 3.2 ¢
Combined best fit signal strength o/ogy = 1.56 £ 0.43 x SM,
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H — yy in ATLAS, search for a peak, signal strength
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112-122.5 GeV, 132-143 |

1

Signal strength

Best-fit value at 126.5 GeV:
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high sensitivity, high mass

. all channels together:
resolution channels: yy + 4l J

combined significance:
49 o

expected significance

for SM Higgs: 5.9 o

add high sensitivity low
mass resolution WW:
combined significance:

5.1 0
expected significance
for SM Higgs: 5.2 o

combined significance:
500
expected significance
for SM Higgs: 4.7 o
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CMS combination, SM Higgs exclusion level, all
annels investigated in 2011 and 2012, signal strength
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Expected exclusion:

110 - 600 GeV at 95% CL Overall best-fit signal strength
110 - 580 GeV at 99% CL in the overall combination:
Observed exclusion:
110 - 122.5 and 127 - 600 GeV at 95% CL o/ogy = 0.80 £ 0.22

110 - 121 and 128 - 600GeV at 99% CL
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‘1 Checking for compatibility with the SM Higgs:
2 Cy and C: couplings - prototype of future activities

Higgs couplings regrouped
into “Vectorial” and “Fermionic”
sets.

Attach a modifier to the SM
prediction to each of those

(CV and CF).

Use LO theoretical prediction
for loop-induced H — vy,
H — gg couplings.

Result:
In agreement with the SM within

the 95% CL
we need more datal
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M, [GeV]

A Higgs at 125 GeV,
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Apparently we are not far from the edge! For a Higgs mass 124—126 GeV, and for the current
central values of the top mass, the Higgs potential develops an instability around 10" GeV,
with a lifetime still much longer than the age of the Universe. Taking into account theoretical
and experimental errors, stability up to the Planck scale cannot be excluded.
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H and the unitarity constraint , need to

+ Mﬂ\—%wm
for E — oo

violation of unitarity
Adding a contribution of a scalar with coupling proportional to mass:

4% %% w
| — E
s = >H< + " H = gWwn HW“FOU)
W W J\P/\/\'\/\’\’\A for E — >
E2
Miot = M — g M) + ...
tot = My + M =Mz (ofvwr — 9° Miy) +

Compensation of terms with bad energy behavior provided:
gwwH = g My
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iggs pairs, composite Higgs/SM Higgs at 125 GeV

Higgs pair roductio is typically enhanced(non-standard Higgs self-coupling)
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coupling:
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This will require ~1000fb"

A more recent preliminary study shows that with HH — bbtt there is some hope...
Higgs Self-Coupling Measurements at the LHC, Matthew Dolan
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tan

Implications for MSSM of a 125 GeV Higgs

M =2 TeV - Maximal mixing

L S B L L LI B LI B AR

45;- ﬂﬁ:ﬁ;z.msev

wE fg?l.'zn“.f““"’“ M, at ~125 GeV possible,

8E seems to favor tgp ~5-<10

30E- Requires large mixing and stop at >~500 GeV,

255 t could also be much heavier......

- R could thus require HL-SLHC

15—

105

B S ST T T T T T T e
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Prospino2.1

10

S8 Examples of stop searches |.

VS =7TeV |

[pb]: pp — SUSY "\,

tot

SUSY with a light 3rd generation is well motivated 7
- the recent indication of a Higgs makes a light 4|
stop is an attractive candidate (“Natural SUSY?”) *
- Searches include for stops, sbottoms, ,
experimental signatures involve tops, b’s and taus
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Stop searches - summary from ATLAS

Variety of methods and strategies used; absence of significant excess gives these 95%CL’s.
T, production: T, — b+¥, %> W47, (BR=1, m, <200 GeV); T, t+%, (BR=1, m_> 200 GeV)
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Upgrades - LHC - CMS

Potential LHC performance:
After Long Shutdown-1 (2013-14)
:vs=13-14 TeV, 2.1 x 103 - peak (25 ns, 46 pile-ups, ~ 55 fb1)

After Long Shutdown-2 (~2018)
: 2.8 x10% -peak (25 ns, 1.6 x 10'"p/b, 56 pile-ups, ~65 fb 1)

Longer term : collect ~300 fb-' per experiment
HL-LHC go to ~> 5 x 1034, new injectors? Ultimately aim at collecting ~ 3000 fb!

For CMS
* Prepare for significant peak luminosity and pile-up before LS3,

— Ready to install Pixels end-2016
— Prepared to upgrade HF before LS2, and HBHE during LS2
— Prepare to grow new L1-Trigger in parallel, de-coupled from LS2

Longer term upgrades:
HF, tracking in 2.5 < Inl< 4.5 7
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EW physics: multiple gauge boson production at
HL-LHC/SLHC, quartic couplings (QGC) in WWW, WWZ...

Test of high energy behaviour of weak interactiog —icle

W,Z ® leptons cleanest, but rate limited at LHC, obvious topic for HL-LHC and full SLHC!

Expected numbers of events in purely leptonic final states, 3 and 4 VB production, 6000 fb-"

lepton cuts: p, > 20 GeV, Inl < 2.5, assumed reconstruction efficiency 90%

=) WWW — 3 leptons, WWZ — 4 leptons a

leptonic events!

(LO rates, CTEQ5M, k ~ 1.5 expected for these final states) dO:c;:C:”
Process WWWwW WWZ ZZW 77 WWWW | WWWZ
N@(m,; =120 GeV)| 2600 1100 36 7 5 0.8
N(m, = 200GeV) 7100 2000 130 33 20 1.6 D

c&iessible a;\HL-LHC: several hundred of purely

WZZ — 5 leptons, ZZZ — 6 leptons accessible at full SLHC
(barely so at HL-LHC with ~ 600 fb-1 i.e. 2-3 years at 200 fb-1 /year)

D. Denegri; Higgs Hunting, Orsay, July 2012



