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Introduction

The LHC started 9 years after the end of LEP.

The detectors were ready and soon we realized that we were
indeed understanding them.

The start-up from the physics point of view was very
successful and we got immediately tons of results!

The statistical precision is enough already now to distinguish
the relevance of Higher Order (NLO vs LO and more)

W.r.t. LEP, theoretical predictions are ready in advance and
can match the experimental precision...

There is still a long way to go (at 8 TeV, 14 TeV and ...) and we
all hope to discover the Higgs (!) but also something new,
maybe totally unexpected.
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7 TeV
proton-proton
accelerator-collider
built in the LEP
tunnel

1982 : First studies for the LHC project

1994 : Approval of the LHC by the CERN
Council

1996 : Final decision to start the LHC
construction

2004 : Start of the LHC installation

2006 : Start of hardware commissioning

2008 : End of hardware commissioning
and start of commissioning with
beam

2009-2030: Physics operation Beams of LEAD nuclei will be also
accelerated, smashing together with a.»

collision energy of 1150 TeV /-~
— Y
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Luminosity evolution 2010

5 orders of magnitude in ~200 days

peak luminosity (Hz/ub)

103

2010/10/29 15.18
LHC 2010 RUN (3.5 TeV/beam)

~50 pb! delivered, half of it in the last week!

2010/10/29 15.16
LHC 2010 RUN (3.5 TeV/beam)
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LHC 1n 2011

LHC 2011 RUN (3.5 TeV/beam)
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Muon Spectrometer (|m|<2.7) : air-core toroids with gas-based muon chambers
Muon trigger and measuerent with momentum resolution < 10% up to E.~ 1TeV

Theexperiments: ATLAS

Muon Detectors TIN Calorimeter Liquid Argon Calorimeter Length i 46 m
3-level trigger ‘» Radius :~ 12 m
. 4 : . N
reducing the rate o N i \ > | Weight : ~ 7000 tons
from 40 MHz to \ AN ' ' o\ ~108 electronic channels
. ] . N N '// \
~200 Hz il H[, [ OB W D E e | 3000 km of cables
\ ! \ ” o= o St DS | , ‘\// \
| , , e e |
\ o U i w T 2 I -7
G ’ - S — nner Detector (|n|<2.5, B=2T):
| : ‘ C—" == Xl Si PiX;I}Z} strips, Transition Radiation
| \ L et | deteetor (straws)
= = Y Precise tracking and vertexing,

1 i | f e/m separation
L : Momentum resolution:
~0/p; ~ 3.8x10" p;(GeV) © 0.015

Toroid Magnets  Solenoid Magnet SCT Tragcker Pixel Detector TRT Tracker

7
EM calorimeter: Pb-LAr Accordion \
e/y trigger, identification and measurement HAD calorimetry (|n|<5): segmentation, hermeticity
E-resolution: o/E ~ 10%/VE Fe/scintillator Tiles (central), Cu/W-LAr (fwd)

Trigger and measurement of jets and missing E;
E-resolution: o/E ~ 50%/VE @ 0.03
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The Experiments: CMS
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No particle
should go undetected
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Production rates at LHC

At sqrt(s)=14 TeV
Oplastic ~ 28 mb
Oinel ~ 65 mb

General event properties

Heavy flavour physics

Evtrate =L.c=10%x6510%" /s

=6.5x108 /s

W->ev 15 events/second

Z~>ee 1.5 °
tt 0.8 o
bb 10°

H(200 GeV) 0.001

Standard Model physics
including QCD jets

Higgs searches
Searches for SUSY

Examples of searches
for ‘exotic’ new physics
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The trigger

At LHC the collision rate will be 40 MHz
The Event size ~1 Mbyte
Band width limit ~ 100 Gbyte
9
Mass storage rate ~100 Hz

Thus we should select the events with
the “TRIGGER”

N.Varelas-EPS

Typical event at LHC
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Leptons

In an hadronic environment, leptons are clean physics objects.
They can be used to trigger the event.
They give access to precision EW physics and searches.

D Charlton
Z — pp
candidate with
BOth the 10 additional
experiments have [JESENETE
VeI'y high tI‘iggeI', Interactions.
reconstruction High p
and identification REZSLE f“OW
o o us to select
efficiency for the | NEGTRININ.
le tons. EW events.
p

Conversely,

W /Z provide
events for
understanding =
high pr lepton ~
performance.
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Muons: achieved nominal ( or better than ) performance

Muons




Events / 1 GeV

Electrons

 Electrons: more difficult, but still very clean
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E missing

 Excellent performance of E ™miss
measurement even with high pile-up.

Data/ MC

- little tails from detector effects !
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S.M. rediscovery in 2010

Original
discovery
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And more 1n 2011 s
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In our present dataset (~ 5 fb™') we have (after selection cuts):
~30M W= uv,ev events

~3M Z-puyee events
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Performance studies on data
Tag And Probe Method

€u= Ereco/(track) * EID/reco *

Efficiency

—

0.4}
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ATLAS Preliminary |

chain 1; AllYear; <u>=8.7

—=&— Data, CB+ST muons

—&— MC, CB+ST muons

Pl P
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€I1SO/ID * Etriggerileg/ISO

© Fitting functions used for the Z (Jpsi) T&P
are:

- Voigtian (Crystal Ball) for the resonance

- Exponential for the background

© Systematic uncertainties on the measured
efficiencies are obtained comparing the results
on MC with the MC Truth, and in data varying
the functional forms used for the fit

© Efficiencies are measured in pr/n/Nvtx bins
for different data-taking periods [ only few
examples of the results will be presented ]
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95% CL Limit/SM
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The Higgs before LHC
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Direct searches
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— LEP: My>114.4 GeV at 95% CL

— Tevatron: [My-166|>10 GeV at 95% CL
Indirect constraints from precision EW measurements

— My=96"3",, GeV, M<169 GeV at 95% CL (standard fit)

— Mpy= 1202, GeV ,M<143 GeV at 95% CL (including direct searches)‘f?
SUSY prefers a light Higgs
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neglects correlations
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The LHC Higgs Cross Section WG

« About 2 years ago, exactly the day LHC was delivering the first collision
to the experiments, a group formed by TH and EXP (the LHC Higgs
Cross Section WG) was founded in order to provide precision Higgs
predictions.

 The goal was to access the most advanced theory predictions for the
Higgs Cross Section and Branching Ratio: central value and
uncertainties

¥

« Experiments are thus from day “1” coherently using the COMMON
INPUTS provided by the LHC H XS WG (CERN-2011-002, “YR1”,
and CERN-2012-002, “YR2”).

This facilitates the comparison and the combination* of the individual
results

*LHC Higgs Combination group. Only experimentalists
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Inclusive Cross Sections
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Branching Ratios
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nggs search strategy
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Higgs search strategy

% g CMS Prellmlnary, s=7TeV Expeme%g"nl'ﬁn;dl o |
L : 1 H— bb @1y |
6 [ L=4648f — 3_.6%_,} |
s | || bb/e/Www
f‘é‘ 0 1| Poor mass resol
(—') ; vy and 4l
© - Excellent mass resol
o
A i
© 1 4l is ~backg free
- Single event has
- an impact
100/ 200 300 400 500 600
Above ~123 GeV WW dominates Higgs boson mass (GeV)
At lower masses yy takes over
<135 GeV my>180 GeV
H-> yy exclusion and discovery [[ 140 < my < 180 GeV | [ H ->ZZ channels for
H -> 4l exclusion and discovery || H -> WW->2l2v n dlSCQYeI'Y
H -> WW/xt/bb Z7->41 also H->WW->1vjj




The challenge of the high Lumi

w0 Trlgger Evolution of trigger
70 - threshold for single
60 - CMS hon isolated leptons
50 - vs inst. lumi

40 - H Single mu

30 - B Single Electron
20
10

pr threshold (GeV)

2E+30 2E+31 2E+32  2E+33  5E+33

Inst. Lumi. (Hz cm™)

« Inclusive triggers have reached such high thresholds that can not be
used anymore for many analyses

« In the context of each analysis dedicated triggers suitable for the
specific final state have to be devised:
— H->WW->lvlv, H->7Z-> 4l: Double mu and double electron thresholds
at (17,8) GeV
— H->yy: Double photon (36,18) GeV

« Challenging for the low mass Higgs searches
dl s sl
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Pile-up: a “manageable nuisance”
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Understanding The Yellow and Green Bands

1 1 1 | 1 1 ) L | 1 | 1 | | | 1 | | 1

Higgs production cross section we exclude, divided by
the expected Higgs cross section in the Standard Model

= “Observed” (example data)
--== Higgs excluded at 95% CL below this line
Expected without Higgs
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The High Mass

=
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H->7Z7Z~->1lqq

« Highest rate amongst all H - ZZ final states
« Search for a peak (0~10 GeV) in M,,,; distribution
« Events categorized by presence of 0, 1, 2 b-jets

Jet: 207 GeV

Jet: 114 GeV

-

« Major background: Z+jets ; ttbar suppressed by
ME, requirement

« CMS: Use 5 angles of scalar H > ZZ - 2l2qin a
likelihood discriminant

« Background shape, normalization < data sideband

CMS,L=46fb"at \s=7TeV

8 i"'l""l """" I""I""I""l""l""l"':
gsooo_ ) . Data
e: 177 GeV = . []z+jets ]
£ 4000F [ zwzww ]
0 B tinw ]
w ¢ —— H(400 GeV) x 100 -
3000 .
2000} s
1000F .
00 010203040506 070809 1
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— ATLAS Preliminary —— Observed
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H>ZZ->1lvv

o Z- ll candidate : M, £+ 15 GeV; P, (1) > 25 GeV
o Use M= (\/Prs?+ Mg+ MET2 + Mz2) — (P77 + MET)?
« Major backgrounds: Z+Jets, ttbar & WZ

— ME; requirement to suppress Z + jets by x105

— Anti b-tag to suppress ttbar
e Residual ZZ, WZ background estimate from MC

« Residual backgrounds estimated from data
— Yy + jets (for Z+Jets) ; ep sample (for ttbar +WW)

uon, pt: 205.6 GeV

Z, pt: 282.2 GeV
mass: 88.7 GeV

Muon, pt: 89.6 GeV

DSy

Higgs Candidate:
pt: 20.7 GeV
transverse mass: 599.6 GeV

nent at LHC, CERN

d: Thu'Apr.28 23:14:53 2011 CEST
63659 / 21497971

128

- L] l 1] T 1] T I T L T L I T 1] T L] l 1] T 1] T I T 1 T L I T
- ATLAS Preliminary

E H— Iy . data [ Ldi=1041"
Total BG

Events / 10 GeV

Events /50 GeV

_______ ZW
I Signal (mH=380 GeV)
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95% CLlimit on olog,

Results for llvv
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pradlav s e v beaaaly g B -Eﬁggggggggg%; 1
450 500 550 600 *é‘ - — Observed ]
m,[GeV] 5
—
o
ATLAS: Exp excl: 260-490 GeV § 1
Obs excl: 320-560 GeV E
CMS: Expexcl: 290-490 GeV . .
Obs excl: 270 — 440 GeV

llllIlllllllllllllllllllllllllllllll
250 300 350 400 450 500 550 600
Higgs mass, m, (GeV)
{;_,.
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events/25 GeV/c?

CMS: H~> Z7Z - 2] 21

CMS Preliminary,\'s=7 TeV, 4.7 fb"

CMS |I=re|imina:ry,\E=7 TeV, 4.7 f'b'1 = 207 | | I
Sl ® DATA 1 b
-~ I
7/, H200 — 2Z — It ki H— 2z =l
4l WY H400 - 2Z > Ikt | 2 15 Observed
B zz - e & = Expected + 1o
[ Ewzzejes | O Expected + 26
10
~ 5
P00 200 300 400 500 ar | | |
M (GeV/c? 200 300 400 500 600
e ) m,, (GeV/c?)
 Using both T ,47,.4 and 7,47 final states .
* Requires 30<M_<80 GeV /48
AWV
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ATLAS: H > WW S1ljj

Invariant mass reconstruction imposing m(lv)= M(W)
Analysis divided into jet categories: 0.1,2 (VBF) jets.
Background from the fit to the 1vjj mass spectrum

. . . PR ) e —— : S —
Major systematic uncert: s “g ,,,,, Ewected |
. . g t 1o ;
jet energy scale and resolution (10-20 %) ¢ [ My H+0/1 jet
g +
pile-up (10-15%) E 19
-
> _l“ T I LI L l LI I 1T I 5 Lud T l.| J LI T L -
& [fLdaarm ATLAS Preliminary =
10 = —— D — [~
S - 15=7TeV 'ro:a = & 1 - ¥Ys=7 TeV —
- - H+0j. H-evqq I Multi-jet . - 4
8 Dibasons ) C j Ldt=47ib" 4
E B Z+jets + -
c 2 - i W+jets - v .
w - ’%ﬁ #% Total bhg (stal Ssys) 3 )| [ PEPENL RSN EPIPPAENE (PR lf\TL‘ALSLln}e."“a‘l !
E ; ’gg D SM Slgnal [m“= 400 GeVI 10 300 350 400 450 500 SSOWGQGSIO
{ ) o (L S e e S B B e -
10E y % = 3 E 3
A 7 E 2 .
. ® H+2 jet
c
o
1 l ‘é 10 E
: 5 :
- 7 AR 7l , . . o )
0 400 1000 1200 1400 2 [ - Expected ) ]
g o - & 1F 1o Vs=7 TeV 3
e t 't : - [+ 20 ij-anb" ]
o SF il l E - ]
8 R Adn i : - — Observed ATLAS Internal
%20 %00 B0 800 7006 1200 — 1400 107
300 350 400 450 500 550 600
8/3/12 Myw [GeV] 13 M /GeV]



The Low Mass

=
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H > WW>lvlv

« Channel with highest sensitivity

« No mass reconstruction, signal
extraction from event counting
* (Clean signature:

— 2isolated, high p leptons with small
opening angle

— High ME,

— Analysis performed on exclusive jet
multiplicities (0, 1, 2-jet bins)

« Analysis optimized depending on the

Higgs mass hypothesis

wr — pg, My, My, Df as discriminating
Vectors from the decay of a @ Q/r variables
scalar and V-A structure of W e — VBF selections for the 2-jet case
W decay lead to small v
leptons opening angle G/" P
(especially true for on-shell -
Ws) Yy
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> r ' r > B 1 1 1 I 1 1 1 1 I | 1 | 1 I T | | 1 i
3 ATLAS Proliminary o ow Zstmeew 3 @ [ g Wzies  CMS preliminary |
3 VsaTTeV, | Lata170f” ;[ sngetep 0 | — m=130  top L=46f" -
|- 5 60F ww [l wzz -
% _0:9 L [ Waets
w c | _
o) I |
o b |
- + |
O 20 B ; H ]
= i = ]
% : i |
= ' il [ oL hy . #etegteastasen e
0‘5 I T e St S T & e S S l'"""_"
0 20 40 60 80 100 120 140 160 180 20 0 50 100 150 200
miss
ET m, [GeV]

* Drell -Yan: Suppressed by M;; and ME; cuts (pileup affect MET)

*  W+jets (with one jet faking a lepton): lepton ID is important

» Top (tt and single top): b-tag veto (or additional soft muon)

«  WW: M), MT and A

All the background are estimated from DATA in “control regions” —

o~

S
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WW+ 0, 1, 2 jets

The NNLO band overlaps with the
NLO one for pet° >30 GeV

30

pp>H+X->WW+X-1lvlv+X

My/2 £ pp=pp < 2My
25

MRST2004
[ selection cuts

My=165 GeV

20

NNLO

50 70 100
pre (Gev)

WW + 0 jet: Veto jet of p;>30 GeV
WW + 1 jet: 1jetof p>30 GeV
WW + 2 jet: 2 jet of p;>30 GeV - VBF like

~_ Asking jet veto, means “eliminate” diagrams
with real gluon emission
0

The HWW analysis is divided in 3 regions: +0, +1 and +2 jets.

To get the correct TH uncertainty on the XS in the three regions:

Theoretically we can compute: Oy.;, 0., O,

00=0tota™0>1 5 0101~ 0, Oy,
TH uncert:

o

8/3/12

00,,=00,,, From Yellow Report (i.e. HNNLO/FEHIP)
00, HNNLO/FEHIP or MCFM (identical)
HNNLO/FEHIP gives LO, MCFM NLO

thus
60, +12-7%
60, +20%
80,, +30% (NLO) =
+70% (LO)
37
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H>WW+ 0,1,2 jets

LULINS (LI B B L B B L L L O L O L B B

+

- ATLAS Preliminary g2 2 iere

Vs=7TeV, | Ldt=47h" It [ SmeTop

BB Z-jets [T W+jets

[ HI125 Gev]

80 100 120 140 160 180 200 220

100 -

TT 7T

stat) |

IIIIlIIIIllll

240
my [GeV]

-*- data M z+jets  CMS preliminary 7|
— m, =130 top

ww B wzizz
[ W+jets

L=46f"

% 1201]‘11[1‘1'(
&}
o -
= 100
2 - H-WW' 'Sk + 0 jets
s 80
i B
80
401
20F-
>
[0}
O]
S
@
£
=
@
Qo
£
8
©
©
8/3/12

50 100 150 200  250°

mt [GeV]

Events / 10 GeV

entries / 10 GeV

data/mc

— SM (sys & stat)
35 B ww [ WZZZwWy
Vs=7TeV, [Ldt=47fb" I  [EHShgeTop
) Z+jets Wajets
30E Howw kv + 1 jet = g H [125 GeV]
25
20 +

15
10

40

ATLAS Preliminary 2 :

I[llll]llllllllliIIIIIIIIIIIllIIIIIIII

Illllll‘lllllllll‘lllllllll‘llllll]l

100 120 140 160 180 200 220 240
my [GeV]
LR DL L L I
- -® data M z+jets  CMS preliminary -
| —m,=130  top L=46f" |
ww B wzizz
I I w+ets N

100 150 200 250
m{ [GeV] Chiara Mariotti, Torino & CERN



H > WW>lvlv

102 - UL LML | LI L L, =
- ATLAS Private CHoWWShy S
- jgfsgc“{gg J Ldt=4.7 b’ j

— (=7 TeV

LI IIIIIII

95% C.L. Limit onc/ag,
o

—

T llllllll

1 1llllII|

95% CL limit on o/cg,

| llllllll

10.1 :__-l I 1 1 1 1 I 1 1 | 1 I | 1 1 1 l L1 1 1 l L1 1 | ] 1—1“
100 200 300 400 500 600
m,, [GeV]
my=125 GeV O-Jet ee O-Jet up  0O-Jet eu
Total bkg. 58+5 114+10 | 257+13
Signal 3.840.1 | 9.0+0.1 25+0.2
Observed 52 138 237
my—=125 GeV 1-Jet ee 1-Jet pp 1-Jet eu
‘Total bkg. 2143 37+5 76+6
Signal 1.1+40.1 | 2.3+0.1 | 6.0+0.1
Observed 10 36 90

(Statistical uncertainties only.)

ATLAS: Exp excl : 127 — 234 GeV

8/3/12

Obs Excl: 130 - 260 GeV

10
I median expected CMS, (s =7 TeV
L H — WW (cut based)
] I expectedt 1o L_46f"
expected* 20
5 —e— observed
0 -
100 200 300 400 500 600
Higgs mass [GeV]
MW
0 jets 191.5+14  45.2+2.1
1 jets 130 105 79.917.7 17.610.8
2 jets 130 10 13.3+4 2.7+0.2

CMS: Exp excl: 127 — 270 GeV

Obs Excl: 129 — 270 GeV




95% C.L. Limit on o/,

:,'IIIIII]II'I.]TTI']"'I]'I'I IIII]IIII ITII]ITI:
- ATLAS Private HoWWosiviv = =
C ] ©)
. — Observed -1 1B
i .- Expected Ldt=47fb i g
Btic =
- \s=7TeV _
10¢ [(+20 ]
- 1 E
- 14
i I ®)
2
1E — Yo}
C i o
10'1?!['[[[[IllllIllII]IlIllllllllllllllllllllllll?

110 115 120 125 130 135 140 145 150

m, [GeV)

ATLAS: Exp excl : 127 — 234 GeV

Obs Excl: 130 - 260 GeV

&)

IR SCEEEEEE median expected CMS, (s =7 TeV
L H— WW (BDT based
] | expectedt o ~ ( Lo :1: :b‘:
expectedx 26
B —e— observed
100 200 300 400 500 600

Higgs mass [GeV]

CMS: Exp excl: 127 — 270 GeV
Obs Excl: 129 — 270 GeV

8/3/12
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H-> 1t

SR = o i Inclusive /1boosted jet  VBF modes are cleanest

CMS Prellmlnary 4 s fb -1 \@_7 TeV all channels

CMSD&B 46ﬂ) \I§=7Tev all channels 2.5 T T

EF 1400 — L (5xl) HI 5Tt my=1207] EP - (5x) H—>n m,=120]

£ C 5 —e— Observed
L 5 7> J
> 2 1200} 2 20f = ]
+ C i e @ Electroweak

T A ﬂ: Jt v 1000 i [ A CJacob
15

T P;Vis =70 GeV 800} :
p P, =20 GeV, . "o

400 F

B 0.5F
Visible Mass(tt) = 75 GeV 200} I

]v ‘ Qass (Jj) =580 GeV o, 100 200 %00 00 100 200 300
.‘ An (j) = 3.5 m,, [GeV] m,. [GeV]
z 2OETTIT S v EE S[F OTF [¥ SLT [T HE2 [ 12 CMS Data \/s=7 TeV 4.6 fb!
~g T Hot ATLAS Preliminary r:% - —e— Observed N B
. 5 20“_ ~o— Observed CL, . N bf i Expected
Search 1n P - —— Expected CL, J Ldt=47fb 1c 10 [ [ ]+ 1o Expected
= i D*% B - -J_rZGExpected
x [y g o
Tet Th, Ty T Te T, g 15C + e Vo=7TeV 13 8L R P
2 [ 18
7} i 15 6F s
Background: S qof 17
QCD, i 15 4
EWK Z - 1t (irreducible) 5l -
- 1 2
ol P A T PR A I i ]

0 2 » a » 2 2 2 2 » » » 2
100 110 120 130 140 150 110 120 130 140

8/3/12
/3/ n, [GeV] m,, [GeV]



H - bb

ATLAS and CMS exploits the W/Z+H associate & 210
production with the Higgs heavily boosted

— Require p**>100 (150) GeV for ZH (WH)

Topology is very clear, several final states
considered: N::

— [vbb, lIbb, vvbb 0
— A¢(V,H), tight b-tagging A

1 T ] T I 1
104 CMS Prellmmary wH15)
% \Vs=7TeV,L=47fb" -
W + udecg

W(uv)H(bD)

ﬁlqggglln| -5
H

10?

C uncert. (atat.)

02 04 06
BDT output

IOII

04 02

l T | ] | l 1 | T T I ] ] I T I T
ATLAS Preliminary _
....... Expected (CLs) VH(bb), combined
B : 1o
[ d+2¢

—h
NN

16— CMS Prelimmary, BDT analysrs

s=7TeV;L= 47fb g
E— ..VH(bb).;..éam.b.iﬁéd ....... R —

12— —— CL, Observed ... ......................... ...... ............
I CL Expected :

10— - CLS Expected = 1o - -
- CLgExpected =20

1

R
N
~

—
o

IIT]III[IIIIITIIIIIIIIIIIIIII

95% C.L. Limit on o/ogy,

95% C.L. limit on o/cy,,

lllllll[lllllll[lll[llllllll

o N sAE OO @

SR TR N T MY TN WY TN NN TN TN TRNN NN N NN RN NN A | : : : :
110 115 120 125 130 - 1 |110| 1 1 |115| 1 1 |12o| 1 1 |125| 1 1 |.130 |H.| |M|135[; |V]
1ggs MVlass e
M, [GeV] 99



H-> ZZ > 4l

The final states considered are 4u, 4e, 2e2u

Very tiny cross section ->
thus highest efficiency must be conserved

Very clean final state:
- 4 leptons of high pt,
- isolated
- coming from the primary vertex

CMS Preliminary 2011 Ns=7TeV L=1661M"
llTI"l]ll'lIlllll'llll]llfl'll]llTl'll

= DATA ]

o ° .

B [tt 3

= I Z+jets 1

90 !CIhAlsl Plrelhlrrl"nla:yl I201I 1] T rrTT TTTT T IvI-§I=l7ITeIV 1 g - ZbSlcc :

0 AR AR LAY AR RARAE RARA LR AT [ Z+gamma ]

> « DATA B

o 80 e [ Single top 3

8 ! mww ]
c -Z"’jﬂts 20

5 > mwz -

2 70 M zbbi/ct mzz .

L [ Z+gam

- 2]
[l Single [ m, =200 GeV/c =

10 12 14 16 18 20
Rlso.3+R

Iso,4

5
10 15 20 25 30 35 40 45 50 ,

SIP3D Chiara Mariotti, Torino & CERN
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Zbb + tt 2 4l

Reducible backgrounds (Zbb/tt) is measured in a

dedicated control region:
— Same requirements for the CMS Profiminary 2011

s=7TeV L=1.66fb"
T

on-shell Z candidate N% 40? A | *I'ID_IAITII\I o

as for the signal S ¥ Mioes

— Relaxed selections on charge, g % T
flavor and isolation and inverted IP & 25 M
cut for the other lepton pair 208 Wz E

— From this plot we can disentangle 8 E
Zbb from tt, by fitting the “Z peak” 10F l E
and a polinomial for tt. 54 l I

— Comparing data/MC, we can get %0 70 80 90 100 10 120

the k-factor (MC are at LO or NLO)

M,, [GeV/c?]

"
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T T T I T T T T
S Ll v6.0 MCf’V*' (LO)
—10° | pp—Z'Z"—eeun = o CMS Prelminary 2011 Ns=7TeV L=4.7110"
X E ' M,>12 GeV . L
—~ F ’ S 12 )
,,,-C_) B [ . - [4)] -
= [ -resonant diagram - [0
- _ o
% 10E E E 10
L ’ c
. g) -
1 w 8
" Doublg-resonant diagra : 6f

pp = 4l

T l T T T T T T T T T | T

N R § R N Ll
100 00 300 400

— 500 !

- M, [GeV] 4

2 -

Measurement of the ZZ cross section i
90780 90 100 110 120 130 140 150 160 170

with both Z on shell (60<MZ<120): Ma [GeV/c?)

o(pp = ZZ+ X) x B(ZZ — 4/) = 2817 (stat.) = 1.2(syst.) = 1.3(lumi.) fb

,""v_:
Pt :

To be compared with the SM XS =27.9 +- 1.9 fb
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Events/10 GeV/c?

CMS Preliminary 2011

Results: H%ZZ94I

Ns=7TeV L=4.71 b

L L B B B |
_a I - DATA ]
! Wz ] For M,;>100 GeV
141 -
: Bz | Data: 72 Observed
12 m,=350 GeV/c>~] ]
ok a0 v MC: 67.1+6.0
8 - | —m,=140 GeV/cz_I
: ,1 1 For100<M,<160 GeV
6 J
- 1 Data: 13 observed
4— —
i 1 T MC: 9.5+1.3
2 L —
C ol .
900 200 400 5([)0 - 660
M, [GeV/c?]
> ' ' | L
& f ATLAS Preliminary
12 - DATA —_
g | Esz;cng?mu: 150 GeV) - For M 1100 GeV
10 [ Signal (m'=190 GeV) ] 4
& f mm sional (m =360 Gev) { Data: 71 Observed
8 H—zz"' 4l 1MC: 62+9
6l |Ldt=481f" -
i \s=7TeV |
1 For 100<M <180 GeV
1 Data: 8 observed
1MC: 9.3+1.5
200 400 600
m, [GeV] 46

CMS Prohmmary 20!1

o Ns=7TeV L=47110"
o L ) I L B B ] LI A A L
S L - ~=- DATA
8 4.55 W z+x
_ Blzz 3
N 45 5’ — m,=140 GeV/c? -
® 35 . m,=120 GeV/c
c F S -]
[h] 3§ g’)’
> I
TR~
2.5 ©
[ =
1.5‘; &]
1 - 4 . L .
100 110 120 140 150 160
M, [GeV/cT
10[- * DATA ATLAS Preliminary -
(5 | [ Background S ry |
w  [JSignal (m =125 GeV) 4
@ | [ Signal (m =150 GeV) -
§ 8~ [ Signal (m =190 GeV) y
[ . i
H—zZz" 4] ]
[Ldt = 4.8 b ? 5
\s=7TeV _

T T T ] T T T | T T T I T T T




95% CL limit on o/cg,,

o
™

-
o

L R R I R R RS
ATLAS Preliminary — Observed CL, -
Hozz"5a Expected CL_ -
JLdt= 4.8 Wtio I

I \s=7 TeV \:|i26

v v b by by by L a g

110 120 130 140 150 160 170

m,, [GeV]

Results -,

ATLAS Preliminary — Observed CL
HozZ0—>a Expected CL_
[Ldt=4.810"

\s=7 TeV

N ERE i
[[]+20

||||||I||||[l|||||||||||||||||l||||l|||l|
180500250 300 350 400 450 500 550 600

m [~V

Excluded (95% CL): 135 < my < 156 GeV and 181 < my < 415 GeV (except 234-255 GeV)
Expected (95% CL): 137 < my < 158 GeV and 185 < my; < 400 GeV

CMS Preliminary 2011

Ns=7TeV L=4.71fo"

% !
g —— Observed
1 : | :
& O : - Expected + 10
? - ‘\ AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA Expected 20 |........ AAAAAAAAAA
T L : _ ; %
o
581k
F
1}
N
N
i
I
=] : : : :
10-1 i i i i
110 200 300 400 500 600

AR A N1 21

134 < mH < 158 GeV, 180 < mH < 305 GeV and 340 < mH < 460 GeV.

107
102
10°F
aL
10 - —»— Observed
oo Expected
10° o 20
T 30

../ ATLAS Preliminary *
Ho 22" a1
[Ldt = 4.8 o

\s=7 TeV

vl vl et vl

10-6 o b b by b b b buwaa Bag
11

0 120 130 140 150 160 170 180 190 200

1 CMS Preliminary 2011

Ns=7TeV L=4.711b"

my [GeV]

P-value: The significance of the local
fluctuations with respect to the standard
model expectation. To reject a background
only hypotesis.

=== \Without m4 uncertainties

=== With mq uncertainties

10 115 120 125 130 135 140 145 150 155 160

Mu [GeV/c2?]



@ATLAS

EXPERIMENT
http://atlas.ch

'l/
lo

pr (e%,e,u,u)= 41.5, 26.5, 24.7, 18.3 GeV
m,,.=76.8 GeV, m,,, =45.7 GeV
hm,, =124.3 GeV

s
Vi

Run: 182796
Event: 74566644
2011-05-30 07:54:29 CEST




Signature: 2 energetic,
isolated y, narrow mass peak

H->YY

Background: Large & partly irreducible QCD.
Measured from M, sidebands in data

x10°
4 Hyp°thetical X — Yy Signal N C CMS preliminary
o o —%—Simulation Q . .
on top of background % 500k A Simulation
(O] [ —— Parametric Model T p-yry<40 GeV
oor detector resolution 0w [ 1 Max(jnj)<1.5
. / g 400 o, =1.64GeVic? Min(R,)>0.94
. »300F !
good detector resolution £ °F  Fwhm=31cevc }
g -
200
pp — yy background -
100
::::::::::!::::‘_";:."""1:;-'?:3""-;!( e b
£00 110 120 130
my, m,, (GeV/c?)
—_— (-
No + CMS preliminary —$— Data
= r _ _ -1 —— Bkg Model
%1000 [\Ns=7TeVL=4761b o
i 12
(D : All Categories Combined : 1xSUM m=120 Gel/
—
— 800
~
()
— L
$ 600
> -
Lu -
4001
200
i L 1 A L I I L L 1 l 1 L L
900 120 140 160 180

8/3/12
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Atlas: H>vyy

800

T T T T I T T T T ] T T T T I T T T T I T T T T I T T T T

t ATLAS Preliminary
—+— Data

700

600 . MC m, =130 GeV, 1xSM

Events /1 GeV

500 Total background (Fit)

400
300

200
100

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Data 2011,\'s = 7 TeV, f Ldt=4.9b"

PR SR R N R S R RN RS o S SR N MR
‘POO 110 120 130 140

P T
150 160
m,, [GeV]

Small cross-section: o ~ 40 fb
- 70 signal events expected after selection / 3000 background (S/~0.02)
Simple final state: two high-p; isolated photons

* Ep (v, v,) > 40,25 GeV >
Events divided into 9 categories based on n-photon (e.g. central, rest, ...),
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Events passing VBF selection removed

CMS: H->vyy

* A new analysis: variables combined in a BTD
 Sensitivity improved by about 40% in integrated luminosity
« 4 classes of events ( by varying S/B) plus the VBF category.

CMS preliminary - Dana
\s=7TeVL=476f"' —Elu'm:oc\

1a
B :zo

Events / (1 GeV/c?)

.....

"""""

e 1M M1 20 Go)

160

:_CMS preliminary
[Ns=7TeVL=476f" = By

140

120
100 N

- Data

CMS preliminary 4 Dan
\s=7TeVL=476" o o okl

. o

Events / ( 1 GeV/ic?)
g 8

100}

50+

- 15U M 120 Go}

400 [-o
300+

200¢F

100}

\s=7TeVL=476f" — BAY Mooe

-4 Data

B 2o

- 1XSU M =120 Go}

Events /(1 GeV/c?)

Dijet tag selection has high s/b, ~1/3

18

— bk
N B~ D

—
o

:_CMS preliminary

T BDT >=0.05 VBF Tag

—4— Data
E \s=7TeVL=4761fb" —_ Bl:g Model
I 1o
B 20

—e— 1x5Mm _=120Ge

~ 140

T80
m,, (GeV/cz)K —

m,, (GeV/c?)

Qo0 a0 160 80 foo

M IR RS
140 160 180

m,, (GeVic?)
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Events /1 GeV

Data - Bkg model

Results H - YY

800

700

600

500

400

300

200

100

Inclusive diphoton sample
o Data 2011
Background model

......... SM Higgs boson m, = 120 GeV (MC)

\§=7kmjlm=49m*

I¢|-IIIIIIIII|IIII|IIII|III1|IIII|II-

110 120 130 140

Fit to the background:
exponential

a"lllllllll ~I-0+|IIII“ -I 111 I 11
o

R R R
150
m,. [GeV]

N | CMS preliminary —4—Data
RS, L = B 1 —— Bkg Model
%1000 _\jg— 1TevVL=4761 iy
(5 B I +20
~ All Categories Combined —e— 1xSM m,=120 Ge}/

Z 800

N
-
o
T T T I T T T I T T T I T

1

| l | |
160 180
m,, (GeV/c?)

Fit to the background:
5 order polinomial

1 I |
) 120 140
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95% CL limit on o/og,,

Results : R and p-value

4. i : :
gﬁ HEELELEELE] I\oll:z?;:egxpected (MVA+VBF) cmsS prééliminary;
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95% CL limit on o/cg),

L P | T L e T EEm TR PR S GRS e ma Eoa o e B e pan v |

Exp. Obs. Exp. Obs.

: H—y (4.9 fb) ---- Ho WW - lvqq (471 T

B Hoto (4.7 b mmm H- ZZ— Il (4.8 fb™) _| nn
vt e H s bb (4.6-4.7 fb) e ——— H- ZZ- llqq (4.7 fb’)

- mmmm — H WWSs Wiy (4.7 fb7) “imr e H5 ZZ5 vy (A7 167 -

J L dt ~ 4.6-4.9 fb", YS=7 TeV

A
(@)

T IIIIIII

channel

[ IlIIIII

T IIIIHI

CMS:
11 channels:
New vy 1
New HW->3l2v, H>tt>uu

1, B i e . =
101 ATLAS 2011 Preliminary CLslimits  —
100 200 300 400 500 600
my [GeV]
b% § CMS Plrel'im‘in'lar)‘/, \s =' 7 TeV = ‘ 88%8:223 3533333 1
ATLAS: S [ L=464.8fb" — 2‘1:%?%»}
i Ho Tt (4.6 o)
8 channels, all (but yy and 41) new S /ol LR i 3 S
B — H—> WW — 2] 2v gi.G_jbq)
= p— AT O
- 10 H 27 5 21 2t 461" |1
= H— ZZ — 21 2q 4.61b_1g ]
| H—>ZZ—-»212v (46fb
@)
X
L0
(0))

T TTTTT

g
.......
L
.

T

L ...“‘r"'.j..l..|...,.l|.....|...|H.ll....—
100 200 300 400 500 600
8/3/12 Higgs boson mass (GeV)




The SM Higgs as of today
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95% CL Limit on o/c,

Low Mass Range
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Log-Likelihood Ratio
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Consistency with B only Hypothesis

« Excesses are quantified using p-values: use to reject a
background only hypote31s
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W'
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Consistency with BG-Only: Low Mass
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Consistency with BG-Only: Low Mass
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Best Fit for Signal Strength w.r.t. SM Rate

Best fit signal strength p = o/osu:
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Near future

By the end of the 8 TeV run in 2012, the luminosity collected will hopefully
allow us to have 5 sigma everywhere.
Maybe difficult at 115 Gev

The very high mass will be investigated as well.
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By the end of 2012 five sigma everywhere, maybe difficult at 115 GeV~
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The SM Higgs as of today
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Summary

Fantastic years at LHC: lots of data and analyses,
measurements and searches...

We did things we never imagined would be possible 2
years ago.

Unfortunately we did not discover anything up to now/
Fortunately we did not exclude everything up to now!

But more luminosity and higher energy will come.

We do not yet know what is in front of us:
maybe another unexpected interpretation
of our world! —
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LHC

What is special
with LHC machine ?

-The highest field accelerator magnets: 8.3 T (ultimate: 9 T)
-Proton-Proton machine : Twin-aperture main magnets

.The largest superconducting magnet system (~8000 magnets)
.The largest 1.9 K cryogenics installation (superfluid helium)

-The highest currents controlled with high precision (up to 13 kA)

. The highest precision ever demanded from the power converters, a
few ppm

.A sophisticated and ultra-reliable magnet quench protection systgﬁi

N

Pl

-~

8/3/12 68 Frédérick BORDR Yhiara Mariotti, Torino & CERNG8



Energy management challenges

Energy stored in the magnet system: ~10 GJoule

CMS Magnet 2GJ

10 GJoule = flying 700 km/h

. Machine protection system: about 7000
Energy stored in the two beams: channels, each redundant, corresponds to 350
720 MJ [ 610" protons (1ng of H+) at 7TeV] tons of material. In case any failure is detected,
the beams are dumped

154 magnets in series per sector (x8)

700 MJ melt one ton of copper

700 MJoule dissipated in 88 us

700.106 / 88.106 = 8 TW

90 kg of TNT per beam

— e W .3
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Production rates at LHC
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LHC Vs=14TeV L=10*cm’s’ EventRate

Trigger

g —Eventrale - g | « At LHC the collision rate will be 40 MHz
inelastic Level-1 input _
O The Event size ~1 Mbyte
k— bb |Z
g Band width limit ~ 100 Gbyte >
Level-2 input » ®
jets Mass storage rate ~100 Hz
Level-3 ...
oW kHz )
Sw.mSelectedeventsgp | ¥ Thus we should select the events with
+ 25 MO aXchive ! “the Trigger”
Hz
* Level-1 Trigger input 40 MHz
g,-,) * Level-2 Trigger input 100 kHz (HLT for CMS)
T« |level-3 Trigger input xx kHz (HLT for Atlas)
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QCD at LHC

Jet

Underlying
_ &~ Event

AA)- ISR

\

Fragmentation

Parton
Density

Jet

N.Varelas-EPS
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Reality is more complex!

Understanding of QCD is important for
-Interpretation of data

-Precision studies

-Searches of new physics

N.Varelas-EPS
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Event selection: The trigger system

Mandate:
"Look at (almost) all bunch crossings, select most interesting ones, collect all

detector information and store it for off-line analysis"
P.S. For a reasonable amount of CHF

The trigger is a function of :

REJECTED
» ACCEPTED
Event data & Apparatus

Physics channels & Parameters

Since the detector data are not all promptly available and the
function is highly complex, T(...) is evaluated by successive
approximations called :

TRIGGER LEVELS >

(possibly with zero dead time) S Cittolin
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CMS,L=4.6fb"at \s =7 TeV
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CMS:H~-> 1t

optimize sensitivity by splitting in jet/topology categories: VBF highest sensitivity
but all production modes considered: gg->H, VBF, W(Z)H, ttH
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MSSM o

CMS Data 4.6 fb™ \/s=7 TeV
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» Most sensitive channel for neutral Higgs searches in the context of SUSY

models

— Large portion of tanf-M, plane excluded —
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Major background mode: ttbar
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Major background: Drell-Yan
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S |
Simulation 2 0-
z i ;
= 200 200 -
= 400 400 -
= -600 600 -
= 800 w* 800 -
) 22.7 GeV L
-1000 g 0 500 1000 ;"’
— drastically reduced by requiring MET in the event
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pp 2 WW is major irreducible
background

CMS Experiment at LHC,CERN
Data recorded: Mon Aug 2 05:02:51 2010 CEST
Run/Event: 142132/92434735

too large AQ,

~ '
%
or = 63.7 GeV W

.

MET
49.9 GeV
2010 Data ‘ -
. >
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Atlas: m? = 2E,

,(1-cosa)

— \

o (m,,) | Event fraction
m,=120 GeV GeV |in 140 (my,)

All 1.7 80 %
Best category 1.4 84%
(unconverted central)

Worst category (~10%) | 2.3 70%

(> 1y converted, > 1Y near
barrel/end-cap transition)

Use longitudinal (and lateral) segmentation of

EM cal to measure photon polar angle 9.

Crucial at high pile-up: many vertices distributed
over 0, (LHC beam spot) ~ 5.6 cm - difficult

to know which one produced the yy pair.

The EM pointing capability reduce o,to ~1.5 cm
Negligible for Myy resolution,

but robust for Pile-Up

200><1o3

180
160

[rrrr[rrropr T T T T T T

ATLAS Preliminary
Data 2011, \s=7 TeV, J-Ldt =46

lIlIllI}Illllllllllllllllllllllllllllll

=1.76 £ 0.01 GeV

Events / 1 GeV

140 — Sdata
120 Opc =1.59+0.01 GeV In|<2.47
100 —-Data
soE | constane e — Firesut
in this case —ee

60
40
20

% 75 80 8 9 95 100 110

Me, [GeV] |

Z-vertex as measured in YY events
after
selection from calorimeter “pointing”

0.16ATLAS Prellmlnary ++ ; g::::gn Egjg 2;

=7TeV, [ Ldt=4.91"
0147 — MC (yy)
0.12 2 rted phot
unconverted photons ~
0.1 [r||<1,37 O-Z 1.5 cm

0.08
0.06
0.04
0.02

Entries / 10 mm (normalize

llIIIlIIllIlIllllllllIIIllIll|[
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Atlas: H - YY results

«» 20000 ]
c C 7 o, .
$ 18000 —— Data-driven estmations | | | Sample composition estimated from data
\.LE C L vy expected = .
5 16000t .. o 1| | using control samples
2 14000 o =
E._F FEE  expected E Number of events | Fraction
= f)ggg_ Fpecte 3 [yy | 16000 = 1120 71 +5 %
6000 ATLAS Preliminary - Yj 5230 + 890 23 +4 %
o _ 1] 1130 + 600 5 +3%
- -1 ]
: T Jra=aow® 3| Ipy/z| 165 = 8 0.7 0.1 %
4000 3
20001 s = . o . o
- + . 1| | Photon identification efficiency: ~ 85+5% from MC,
0 _ N cross-checked with data (Z—> ee, Z-> eey, uuy)
vy Vi ji DY
’ Type and source ‘ Uncertainty ‘
After all cuts: 22489 events with 100 < m,, < 160 GeV Event yield
Observed in the data El;;)l(‘in rrcc.onslruclion and i‘dcnli‘ffc.fu%on + ].‘1‘7(
ect of pileup on photon identification +4%
] 101 . o (0) — Isolation cut efficiency +5%
Expected signal efficiency: ~ 35% for my=125 GeV P o
Higgs boson cross section +15%/ — 11%
. : . : Higgs boson pr modeling +1%
Main systematic uncertainties Luminosity 309
Mass resolution
] ] . o o Calorimeter energy resolution +12%
EXpeCted Slgnal y1€1C.1 : 20 /0 Photon energy calibration +6%
H% YY mass reSOlutlon .~ 14% Effect of pileup on energy resolution +3%
H 9 d l . 80/ Photon angular resolution +1%
YY Pr mode lng .~ 6/ Migration
~—— Background modeling : +0.1-5.6 events Higgs boson pp modeling 1+89%
8/3/12 Conversion reconstruction +4.5%




oxBR(H-YY)/SM @ 95% CL

H - YY, in the summer

Dominated by gg-fusion

S=7TeVL=1661H"

.
-

Observed CL§ Limit
Observed Bayesian Limit
Median Expected CLs Limit
+ 15 Expected CLs

+ 2 Expected CLs

i

|

i

11‘:11 l

i

120

[T - - - 20, | |
10°F — Observed CL, limit = & | cmspreliminary
F e Expected CL_limit 1 7
I L ER ATLAS Preliminary - fg 16/~
+ 20 Data 2011, \s = 7 TeV 214:
I ILdt=1.08 fb' | =
10} { T
s T r
8[—
6
4
15 :5 S ;
- - MR SR
’1L1AllLALAJAAlllllllllllllklllllllll Allr q1° 115
110 115 120 125 130 135 140 145 150
M, [GeV]

« Two high pt, isolated photons, pointing to a PV
« Different photon categories treated differently.
* M(yy) resolution very similar.

* Results very similar

« Fluctuations: excess and deficit.... We will see!

125

130

135 140 145 150

m, (GeV/c?)

-

‘,
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The background

Irreducible background:
qq>Z7" >4l

u z° W
gg>77() >4l i — ‘Mﬂ. ° . ww“‘<

Reducible background:
Zbb/Zcc and tt pair production.
I.e. events with B hadrons decaying semileptonically
Leptons are inside jets and originating from secondary vertex .,

w

<\
E

Instrumental background:
QCD and Z/W+light jets. Events with jets
faking leptons (mostly electrons) —
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Isolation

The requirement that the energy flow in the vicinity of a muon is below a certain threshold
helps discriminating muons from W/Z from muons produced as a result of QCD processes.

Calorimeter

® RTkIso = [TKisoo3 /PT]

® Riso= [(TKisoo3 + ECALisoo3 + HCALisoo3)/pT]

—Vetovalue

© H->4l analysis: a cut on the sum of R, of the two least
isolated leptons < 0.35 is chosen
© Riso < 0.15 usual working point for W/Z lepton selection

Muon Vertex

ECAL and HCAL contributions are affected by pile-up conditions
To have a pile-up robust analysis Riso must be corrected by the average energy flow in the event
[ Fast-jet correction ]

.
>
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H-> ZZ > 4l

CMSPrmmmaryZ’OH \s IToVL 166"

LELEL BN B

* DATA
[t
Il Z+jets
B zbbicE

70
60

50
Hww
mwz
mzz

Events/2.5 GeV/c?

40

L L AL L LA B B

[1Z+gamma
I Single top

[ m, =200 GeVic*

.

AlllJJllelll‘ wlaaaa L

120

100 110
M7Z1 M,, [GeV/c?)
o 9
2 leptons of pT>20, 10 GeV o
Isolated and from PV -> ‘g 2
the couple closestto MZ %
PLUS
2 leptons of pT>5 (7) GeV
with M>20 GeV
Isolated and from PV
8/3/12

CMS Prefiminary 2011 \s=7TeV L=166M0"

N -T1T]T\'\" | .TTTTYIYTTTTTTT. ».TTTI]TTTTTTT<
§ 45 * DATA E
© - tt :
O 40 B Z+jets E
wn . . B zbbicE 3
% 350 J [Z+gamma
- B Single top -

2 30F 3
w - 9
251 _3

. [ m, =200 GeVic® -

20+ -
15 5
10 =
5F -

. 1

00 20 40 60 80 100 120 140 160 180 20

M, [GeV/c?)

MZ2

CMS Preliminary 2011 \s=7TeV L=1661"

* DATA
it

I Z+jets

M zbb/cT

[ Z+gamma
[ Single top
Eww

mwz

Ezz

[ m,=200 GeV/c’

lIIlIIIII[IIIIIlIlIlI Illlllllllllllllllllll
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Events/0.5

70

CMS Preliminary 2011 \s=7TeV L=1660"
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* DATA
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Il Z+jets

B zbbicE
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i Single top

[ m, =200 GeV/c®
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500 600
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CMS Preliminary 2011 Ns=7TeV L=166M"
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* DATA
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77 continuum

* Directly from MC:

Gq—=ZZ—4] qq—2Z 41 gg—=77—+4, gg—~Z7—4]
(aNLO XEvie + 010 XEve x L
« Normalization to Z rate in data
o 10
qq—=ZZ—>41 ge—>ZZ—41 77—l b .
Onio +0,, % —MC X NZ—>II 'f:
qq—=2—>21 Z—21 data ™ mm—— e
O ynLo € | MG 1)

— The luminosity uncert. cancel
in the ratio p

— The TH uncertainties as YR prescription
~10% (PDF4LHC prescription + QCD scale)

1o 20
M(e,e)

« Results: the two agree within %
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The control of the background

Nevts“

invert cuts :
from signal enhancement to
background enhancement

background

some observable Ne vtsT

aypg 2 Theoretical uncertainties
(diff. distr. + pdf +scale+...

g/3/14signal region) = exp

theory :
use theory to compute
change in background
when inverting cuts

* * N|B
d aTH N control region

A.yp > experimental uncertainties
(like isolation, pt etc...)

use data to
normalize background

background

some observable

2y, - Uncorr between exp
ary - 100% correlated 82 RN




Z+jets

o
S

0.41"'

L

S Ecms freimindy 2011 | Rs=7fevLi=42m' 1 S " EcMs tl'e_llir;lih \ bbigp' ] Ns=TievL=221" 3
= . a5 Electrn in EGAL Barpl i = ;a5 Electron in ECAL Endoaps 3
‘—g ~YE150<0.85 B %’ I ETs0<0.f5 -
{77} - - 0 C -
T osf 1  o3f =
o - ] O C -
T 025 1 T oasf s
8 - - § - =
€ o 1 € °% |
o ..F 1 o..F ! Bl [
< 0.15 - — 0.15F e
- BV TSl -
@ A [ ® 0.1F o -
® IS5 SHRJUSSUN S s F 3
0:1 l.l‘l‘.l L L 1 L L L 1 LA 1L 1 L L 1 | L L1l LA 1L 1 |l L1 li OE' .’. a i 2 3 . . p P s 2 a8 s 2 a8 s 2 3 % s 2 g .E
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
p, [GeVic] p, [GeV/c]

In the Z1+1 leptons sample:

the probabiity that a muon/electron with relaxed ID and ISO

passes the analysis requests

More checks done on the Z1+SS vs Z1+0S samples.

" ad
=
8/3/12 90 Chiara Mariotti, Torino & CERN



LI L

Ns=7TeV
L=46-481b"

T llllllll

LB B B R B

CMS Preliminary

—=— Observed
fsss=: Expected (68%)
------ Expected (95%)

CLg of SM Higgs hypothesis

100 200

CLs

LI | LI l LI | LI l LI l L l LI
CMS Preliminary —=— Observed

\s=7TeV {555 Expected (68%)

L=46-48f" | Expected (95%)

90%
95%

99%

CLg of SM Higgs hypothesis

300 400 110 115 120 125 130 135 140 145
Higgs boson mass (GeV) Higgs boson mass (GeV)
y /4
/.
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95% CL limit on o/6g,,,

Higgs in the SM4

|||||||||||||||||| | R A L [ " s s s s s s s s

.. [ e . <t _I '||l‘ll‘IIIIIIIIIIIlllllll!lllllllll—
102 - CMS Preliminary, \s =7 TeV comoned Z:: = 10F CMS Preliminary, \'s = 7 TeV —=— Observed E
- L=4.6-481b" CHobb @7y || O [ L=4.6-48fb" B Expected (68%) |
[ - ‘ . b Hott (46107) | g - e Expected (95%) ]
Z{——H-oyy (4817 [] o B |

— Ho WW (4.61b7) |, =

—H-2Z (471 |] e 1

........... :I

®)

N

Yo}

(o))

—
Q

| llIlIll

200 300 400 500 600
110 115 120 125 130 135 140 145 -
SM4 Higgs boson mass (GeV) SM4 Higgs boson mass (GeV)

Excluded in the range: 120 - 600 GeV

1 1 1 1 ’ 1 1 1 ! ’ | 1 1 Il ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ! !

—
o
o

New values from CERN 2012-002 including EW correction to production and decay

0 BR(SM4)/BR(SM)
20wz . 100 . T
E_ wwW ——
10— ™~ ZZ -eeeeee
= qg -
U A S bb -
= Y N — yy(x100) -----
_10:— wy S T
_ o7 | T A ]
 -20F
- F 10- A\
F -30f 4 \‘\
-40f 6 ~_ 1 pr ”
Foaf S~ ~ <
-50 \L/" - .
FoE . . P
-60F 100 200 300 400 W
7 S I B || N P O 0.1
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95% CL limit on O'/GFP
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Limits in the Fermiophobic
scenario
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CMS Preliminary
\s=7TeV
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Comparison of channels
for M =125 GeV

m, = 125 GeV CMS Preliminary
Combined (68%) \s=7TeV
= _ L=46-481b"
~@- Single channel
H— bb
H— 1t
H—yy
H-> WW
H-»Z7ZZ
-1 -05 0 05 1 15 2 25 35 4
Best f|t o/c

m, =119.5 GeV CMS Preliminary
Combined (68%) | \s=7TeV
N . L=4.6-4815"
-il= Single channel
H— bb
H—- 1t
Hovyy - »
H—- WW
H—Z7Z [ |
IIIIIIIIIIIIIII \IIIIIIIIIIIIIII
Fit of the signal strength < 2 A 2 3
u=o/o,,, Best fit o/o,,
R I I B B I IR B I
m,, = 124 GeV CMS (s =7TeV
— ¥ Combined (68%) L = 4.8 fb” —
-~ Single class
B Dijet-tagged_

Both photons in barrel, R;‘">0.94—
Both photons in barrel, R7"<0.94 |
One or both in endcap, R;i">0.94—

One or both in endcap, R;‘"<0.94—
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Near future

« By the end of the 8 TeV run in 2012, the luminosity collected will
hopetfully allow us to have 5 sigma everywhere.

Maybe difficult at 115 Gev

10 prerrre RS LS LSS MMM E10 /.\...!....!..‘...,.....!....!..._Hw@mv §
s | CMS Preliminary: Oct 2010 ' . . s 9 / ]\\ CMS Preliminary: Oct 2010----_2fb_1@”0v -
1 ‘ CEve T 28 e i
® Projected 95% CL Limit on 6/, —sm'@7Tev | g 1. —smi@TTeV
8 8 7 // /\\ — ATV &
S} . . i _ | e 2 & . e ]
= ksm / o / / \ e S { 50
N § 3 ’//A \~ _‘/-/\\\ ] 30
& = L ——— e —. .
” 52 // \\\:
0 Projected Significance of Observation i
1 1 1 1 1 1 1 1 1 1 |
9100 150 200 250 300 350 400 450 500 550 600 100 150 200 250 300 350 400 450 500 550 600
Higgs mass, m_ [GeV/c?] Higgs mass, m_ [GeV/c?]
Excluded at 95%CL
—
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Interlude: Hypothesis testing

only basic ideas, for details and technical issues see:

profile likelihood

Glen Cowan, Kyle Cranmer, Eilam Gross, and Ofer Vitells. Asymptotic formulae for
likelihood-based tests of new physics. Fur.Phys.J., C71:1554, 2011.

look elsewhere effect

Eilam Gross and Ofer Vitells. Trial factors for the look elsewhere effect in high en-
ergy physics. The European Physical Journal C - Particles and Fields, 70:525-530, 2010.

10.1140/epjc/s10052-010-1470-8.
CLg method fevic/s

A. L. Read. Presentation of search results: the CLs technique. J. Phys. G: Nucl. Part.
Phys., 28, 2002.

A. L. Read. Modified frequentist analysis of search results (the CLs method). in Proceedings
of the First Workshop on Confidence Limits, CERN, Geneva, Switzerland, 2000.

Thomas Junk. Confidence level computation for combining searches with small statistics.

LHC combination procedut@. mstrum. Meth., A434:435-443, 1999.

CMS NOTE-2011/005
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Specify what are you looking for: obervation or exclusion of signal

Phrase null hypothesis H, as opposite to what you are interested in

as you can only falsify/reject hypothesis but not approve them

Observation of Higgs = H,: no Higgs, only SM background processes
Exclusion of Higgs = H,: Higgs and SM background processes

Quantify agreement with H,

by choosing a test statistic t

(any function of your data)

at LHC: perfect agreement t=0
deviation t>0

Get probability densitiy function for
t=q, and calculate p-value

Po = /OO f(q0]0) dqo
q

0.,obs

-—

f(q[0)

qD.obs

p-value

/

%

M. Schumacher Searches for Higgs Bosons at LHC (Part Il)
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if p-Value < predefined value (signifcance level, error of first kind)

then reject null hypothesis

convention: for discovery require P-value (BG only) <2.87x107
for exclusion require P-value (Higgs+BG) < 0.05

[ e Pi=1-0z
p /Z\/z—ne X )

p-value / = (I)_l (1 — p)

I
F—Zo— X

p-value can be translated in significance via Standard Gauss pdf.
a significance of 5 (1.64) corresponds to P=2.87x10-7 (0.05)

If p-Value is x then one says ,this hypothesis is
excluded with a confidence level of CL=1-x"
the frequency of false exclusion (error of 1st kind) is X.
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Decisions to take:

1) test statistics t = profile likelihood

ii) how to deal with syst. uncertainties = nuisance parameters + profiling
iii) derivation of pdfs for t under hypotheses - often asymptotics usable

medq ju] fixing the significance level a for H,

f i '
(G ) f(g,lm) i.e. for p-value < a reject H,

/

best test maximizes power of H, w.rt.
alternative hypothesis H,

Let b be the expected number of background events, f (x) their mass shape
s be the expected number of signal events f(x) their mass shape

The observation be n mass values of candidate events x

M. Schumacher Searches for Higgs Bosons at LHC (Part1l)  YETI 2012. Durham, 10 January 2012 Chiara Mariotti, Torino & CERN 39



The likelihood to observe this sample under the background and
signal + background hypotheses are:

b mn b n
Ly="re ' TLFGalb) L= S50 ] ls) 4 m )
=1 ' =1

The Neyman-Pearson lemma tells us that the best test statistic is given by
the likelihood ratio or any monotonic function of it, e.g.

L 3+b Take e.g. b =100, s = 20. Zuip;pg)sseeiriézalll:r);?el
Ly > : /
o] °.. £(0b)
1@ | .
L3+b . S f(XZ‘S> 0' s
Q: —21n :—S‘I‘ 111 (1+_ ) 002
Lo L

0
-80 -60 -40 -20 0
Q

used at LEP p-value of b only p-value of s+b
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Signal and background yields and shapes are affected by syst. uncertainties
—> parametrize by (not interesting) nuisance parameters 6.
e.g. uncertaintes of reco ID efficiencies, theoretical cross sections,
acceptances of selection cuts, extrapolating from control to signal region

L(data| i, §) = Poisson (data | 1 - s(8) + b(6) ) - p(9]6)

in Neyman-Pearson's L, /L, test statistic the signal
strength u is fixed under H, and H; hypotheses

Now only fix u under null hypothesis H, and let it be estimated from data via
maximum likelihood method under alternative hypothesis H,
—> profile likelihood test statistic

A . fixed under H
L(p, 6 :
) = (’LAL : A) )} maximum likelihood estimate under Hq
L(/L, 9) ~.

ﬂ @ maximum likelihood estimates under H,
’ /
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H,: only background - u=0 H,: signal and background,
u parametrises strength w.r.t. SM Higgs predicton

test statistic q; M0) btw. 0: H, like and 1:H, like
(omA0) o O PO o
qo = < >q, between 0 and infinifity
0 1< 0: Hylike ~ >>0H,-like
\

one sided test, only positive signal strength considered as deviation from H,

1 T T

Ns=7 TeV
f L dt=1 fb’

-i 1o
|:|i 20

ATLAS+CMS

f(q0)

/ %

Local p-value

p-value

/ 10

4

(Toy Data)

> 103
ro — / S (qo|0) dgo m[GeV]

O .obs

—
o
N
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So far: local p-value/ significance = prob. to see such an excess at fixed M,
as we specified M in the alternative hypothesis H,

L(0,mp) Y _
Toma) " S OO 2y = 070 e

tﬁx = —2In

now ask: prob. to see such an excess anywhere in given mass range
- let mass be a nuisance parameter in fit of new test statistic

L(0) /OO
tloat = —21n PPN oat — tfoat|0)dtaoa
float L(ji, 1) Pfloat — f (tf0at |0) dtfoat

Proat @lso called global p-value. calculation very cumbersome. lot of MC experiments

_ Pfloat trial factor ~ number of independent search regions

Ftrials = De in considered mass range.
X can be calculated approximately with little MC simulation
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H,: signal+background - u=1 H1: background only
u parametrises strength w.r.t. SM Higgs predicton

A
A

test statistic q,: (L(u,e(u)) A , . )
] 20— <
b . 0 ji> g
L 1(0,0(0))

for negative signal strength set it to 0 and determine then nuisance pars.
one sided test, only signal strength< u considered as inconsistent with H,

f(q,|0)

/

q).obs

different test statistic then for discovery

here values ~0 are signal+background

like observations

M. Schumacher

Searches for Higgs Bosons at LHC (Part Il)
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©.@)
p, = P(q,> (jzbs | signal+background) = F(q.lu, szs) dq,,
(‘jﬁbs
Pure frequentist would stop and say: ,signal+background® hypothesis is
exlcuded with a confidence level CLg,g0f 1- p,

~Problem®: Spurious exclusion of signals with no sensitivity (s<<b)

ey “‘5»\/3 large s
— cyidical rey‘on
) N/C(;',JOB
A ‘i—}a

signal+BG-like €< - BG only like

by construction: probabilty to reject u if u is true is a
probability to reject u if u=0 is only slighty greater than a ¢op o<<p.
—> probability to exlcude hypotheses with zero signal ~a ,spurios exclusion”
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Spurious exclusion caused by downwards fluctuation of background
—> penalize such outcomes in an ,ad hoc" way

o0

X w 106 CMS Prellmlmir'g!r \.'__7 TeV Lim_(l 2-0.9 fb’
[- Dy = (qﬂ D qobs ‘b&CkgTOUHd OHIY) / ((MO GObS) dqﬂ _Ia i Higgs Combination at m =250 GeV
o0 S 10° E._f(q ) for signal+bkgd pseudo-data (u=2)
0 5 i _f(qu) for bkgd-only pseudo-data (u=2)
= ( i S qobs ’S i +background) / (qu‘ I Qobs) dqu _g 10? é_—q,lobserved (n=2)
a = 10°
CL,=p,/(1-p,)
10k
Caveat: p, ist not equal p, §
different test statistic ™8 = 4 15 20

Test Statistic CL

If CLg<5% we call a u hypothesis excluded at 95% CL (but true coverage larger)

upper limit on w: adjust u to value for which CLg= 5%
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Higgs production cross sectuon we exclude divided by
the expected Higgs cross section in the Standard Model

“Observed” (example data)
-=== Higgs excluded at 95% CL below this line

----  Expected without Higgs

1 1 1 171

Expected region at 68% Confidence Level

Expected region at 95% Confidence Level

95% CL Limit on o/cg,,
)

|

T T TTT
| lIIlIII

10—1 5 ;IL 0 ‘ : § | |
200 300 400 500 600|
E. Gross mass of Higgs [GeV]

expected limit: median value of u which will be excluded under H; BG-only
green and yellow bands are 68% (95%) confidence ntervals around this
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