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LHC operation: the 2011 data taking
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Excellent LHC performances in 2011: Experiments perform very well:
* Delivered 5.7 fb*{-1} @ATLAS and * High data taking efficiency
CMS * ATLAS(93.5%) CMS(91%)
¢ Peak luminosity s 3.6 1033 cm™2 s * High fraction (90-96%) used
* several machine parameters pushed for the analyses
beyond design

MINI-WORKSHOP ON HIGGS SEARCH AT LHC - March 28, 2012 3



the pileup

...and a new challenge
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LHC 2011 RUN (3.5 TeV/beam)
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The SM @ Vs=7 TeV
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* An impressive number of
processes have already been
measure
*Cross-sections measured up to
few pb
*Excellent agreement with
the Standard Model
predictions
*Important for background
estimates in Higgs boson

searches

*Useful as benchmark processes for object performance

studies
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Understanding of detector performances: E. ™S
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»Z —ll: no trtue MET
» Resolution can be estimated as the width distribution of E ™ and E ™
» Fundamental to understand (and reduce) especially with the increasing
pileup

»W —lv: real MET
» my fit of the letpon- E ™ system

»Determination of the E ™S scale
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- 1 3 7 Higgs boson @ LHC
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5 »NNLO prediction for SM Higgs production ctoss section in most cases
©
= » theory uncertainties reduced to < 20% (e.g. ggf: pdf ~8%, scale ~ 10%)
=
2 »Huge progress also in the theoretical predictions of numerous and complex
()
5 backgrounds
o

>H — WW —lvlv most sensitive channel
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H — WW final state

*Three possible final state for H — WW

*Relatively clean, background dominated by
H—->WW-—lvly irreducible WW background. This talk

Roberto Di Nardo — INFN Laboratori nazionali di Frascati
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* used at high my T2 3 4 5 6
Inclusive Jet Multiplicity
* excluded x2 SM x-sec

*Hopeless due to QCD bkg
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Not covered in this talk
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The H->WW®—lvly channel

Experimental signature:

(f ATLAS WW - ev uv Candidate

Run 167576 Event 120642801
"-LEXPERIMENT Time 2010-10-24 13:06:00 EDT

* Two leptons (e or p):
* Opposite sign
* Isolated
* Highp;
* Two neutrinos:
* Large E miss
* No mass peak (mass

resolution~20%)—
counting experiment

- 4 |'—',2 —f —+ f-::z
mr =/ (Ef* + EF'™)" — | Y + pp™

Main Backgrounds:
 WW irreducible (topological cut helps)
* WH+jet, Z+jet, tt, WZ, ZZ

Roberto Di Nardo — INFN Laboratori nazionali di Frascati
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Event selection 1

Similar approach for ATLAS and CMS
Single lepton trigger (ATLAS)

Single or di-lepton trigger(CMS)

/

object selection

Leading lepton: p>25 GeV (20 GeV)
sub-leading leptons: p>15 GeV (10GeV)
Jets anti-btagged : p;>25 GeV (30 GeV)
\J€ ggcd : pr W,

~

-

miss __
ET,rel - {

Roberto Di Nardo — INFN Laboratori nazionali di Frascati

MET

miss
ET )
ET™ - sinAg¢

if Ad¢ > /2
if Ad < /2

\ep Ep™=> 25 GeV (20 GeV)

~

qvents

ee, pp: Ep, ™> 45 GeV (40 GeV,nvtx dependent)

v
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Event selection 11

.;

Z veto for ee, pp : |my - m,| > 15 GeV (common)

105 2011 Run,L=1.1fb"
CMS Vs=7TeV

Events per 10 MeV
—
=)

10° =

10

trigger path
my
WY/
J— u'u

v Py dquble muon
igh [ double muon

S

dimuon mass [GeV]

my > 12 GeV (ee, pp)
my > 20 GeV (ee, pp)

m; \

my; > 10 GeV (ep)
my > 12 GeV (ep) )
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Py

Additional DY rejection
pr > 45 GeV (ee, pp) prt> 30 GeV (ep)
> 45 GeV

~

)

Events /10 GeV
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Events

Roberto Di Nardo — INFN

Jet multiplicity & VBF

5000~

I L I . . . .
- ATLAS Preliminary 20 2z Suerosa » Different tt contamination depending on the

- \s= = 4. - [« [ Single Top . 1
 is=7TeV[Ldt-a7o! DIt B Snoe 1 number of jets per event

B (*) ] . [
qoo0p- MY [ Hnzsevixto ] »>tt final state: llvvt+bjets+Njets

» Anti b-jet veto used for tt bkg reduction
1 »Analysis petformed in jet categories:

E >0 jet : very clean

»>1jet : tt contamination

»2 jet : tt contamination, VBF topology

L e ), 1]
4 6 8 10 handle
VBF signature: e
» very forward high p; jets, very high M, 7 7

=2 jet selection tuned on VBF-like signal
» central jet veto (ATLAS) :

" no selected jets in |n| < 3.2 -- H
»>2 highest py jets back to back in 7

"An;; > 3.8, m; > 500 GeV (ATLAS)

"Av; > 3.5, m; > 450 GeV (CMS) 9 9
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Topological cuts
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»Extra requirements to optimize the sensitivity for a SM Higgs boson search

QmT shape for fit m._ shape used in fit (Ojet, 1jet)

/ AT I q S Low mass selection Intermediate mass selection High mass selection \
> . m < 200 GeV m =200 GeV — 300 GeV m_, = 300 GeV
3 my regions " . .
>A MIl < 50 GeV MIl < 150 GeV No MII cut to increase signal
(Pll 2jet low mass: MIl < 80 GeV acceptance
>m11 AD < 1.8
m_ shape used in fit (Ojet, 1jet)

m_ shape used in fit (Ojet, 1jet) /

CMS

» optimized for various
myy values
»Leading and
subleading py
> Ay
> my
»m range

7, max

_f,min

my s Pt mee | Agee mr
[GeV] | [GeV] | [GeV] | [GeV] | [°] [GeV]
> > < < []
120 20 10 (15) 40 115 | [80,120]
130 25 10 (15) 45 90 [80,125]
160 30 25 50 60 [90,160]
200 40 25 90 100 | [120,200]
250 55 25 150 140 | [120,250]
300 70 25 200 175 | [120,300]
400 90 25 300 175 | [120,400]
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The Backgrounds
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SM WW Backgournds

-y
mIIIIIIIIIIIIIIIIIIIIIIIIlIIII
Lo

»Crucial background for H>WW % | AmASPeiminay  —— pata. |
2 500  [Ldt-470m° Eﬂhﬁﬂ!_ t
search 2 f & =TT Ton
> f"j 400 4 [ Drell-Yan
Same sighature . L] WW—shvlv
g 300 :_ _+_ :l G::.:h:.-st
> Interesting because sensitive to ook +
4 4
anomalous TGCs v00F ._L_I_,_l__t
»Main backgrounds: n
%D 40 &0 a0 100 120 140
> Z+]'ets and top p,(leading lepton)[GeV]

» Production cross section measured from both ATLAS and CMS

[ ATLAS 53.4=%x2.1(stat.)E4.5(syst.) £ 2.1(lumi.) pb ATLAS-CONF-ZO]Z-OZ.&'}
CMS 55.33.3(stat.)£6.9(syst.) £3.3(lumi.) pb CMS-PAS-EWK-11-010

Roberto Di Nardo — INFN Laboratori nazionali di Frascati

»NLO prediction: 45.122.8 pb

AT
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WW background

» Irreducible background: same final state of H>WW

» Only way to distinguish it — exploit spin correlation ‘f:}

% MINI-

z »Leptons tends to go in the same direction W e b
Lt TAr E-
s »Lowm Eﬁ’/@/
5 1l _ _
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S
.g ) LI IR IR o T T |
= © 100[ o data MDY cMmsNs=7Tev | S 100 o data MDY cCMS\Ns=7TeV |
= D L — m=130  top L=46"fb" oy - — m=130  top L=4.6fb"
9 S | mww Ewzzz O-jet > mww Ewzzz et
5 To} W Wiiets 0 i B W+jets
Z ~ B ~
: i
é £ 50 S 50F i
: W*‘W*
[m)] -++; +
(@)
5 #
-8 | : O ——
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WW backgroung control region

> B T T T T | T T T T T T T T | T T T T
R | +data MDY | CMSNS=7TeV

o - —m7=130 top L=46f" {
© T ww W wzi2z |
@ 150 W-+jets

2

=

c

(b

100 - i+i#+ CR |

»WW non-resonant contribution estimated
from data in the low-mass my < 200 GeV.
» done using events with a high dilepton

mass+ MC extrapolation into signal region

*\*Wr W __ *\*Wr W @

50 _— -
i ATLAS CMS
0 _ Mll > 80 GeV for (&7 Mll > 100 GeV
o 2 T 1 | My > (m,+ 15 GeV) for ee/pp
g 15 XA
- 1 Y3
050 ;i »For my > 200 GeV large overlap between
1] S
0 50 100 150 200 H—WW and non resonant WW
m, [GeV]

> simulation is used for the estimation

The total uncertainty: 10% for 0-jet and 24% for 1-jet selections

N
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Drell Yan background

ee 1 Jet

= 80 — 1600 ¢,
> F R D R s 2 -1000 -500 0 500 1000
C ' ' ' f P Q
n% 0| . | ATLAS Rreliminary I1400|5 = 800 simulation,
T | : - “ . [
|.|j- C ! LI Il 'I' o .\S|=7TEV' g é
60? 1 A'I .ll l IlIIII lelqt = 4.7.fbl. l:1 — 1200 ; 600 60
50 | "'l L N ."".-": RO —1000 -
- e e, ! — 400 40
40~ o =
- = 200 20
30— - :
C - B
20— - ¢ ::
10§— é— -200 ! -20
00: i— -400 -40
Mee [GeV] -
© = 600 -60
> Z/y* + jets
L . . . . = -800 -80
£ mainly rejected with E; ™ cut
| ’ -1000 -500 0 500 1000
O \I\\‘\I\\I\\\Ill\\\l\\\l ‘ \\I\\III\‘\I\\\I\\I‘\\\I
o
m L] L] L] L]
z Normalize MC using Z control region — ABCD method using METRel-Mll
a
L Cda!a
P Adata = Boata * D
o dlata

Uncertainty : 56% for H+0jet and 25% for H+1jet analysis respectively

0

o

o

o

o

o

o

o

o
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Top background

80

Events / 10 GeV
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Events /10 GeV

400
350
300
250
200
150
100

50

T 1 1 I T T T 71 I T 1 T T I T 1T 1 1
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HoWW Siviv + > 2 jets

e i e
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—4— Data
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]

B Z+jets [[] WHets

Ly

| UL I L
#< SM (sys @ stat)

B wzizz\wWy
[ Single Top

[ H[125GeV]

2)et

A

e pi oy
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100 150 200 250 300 350 400 450

»Definition of data control sample to normalize MC predicion
»>E.g. H+ 1-jet and H+ 2-jet analyses,

»reversing the b-jet veto

»Remove the requirements on Ay, my.

ATLAS : 23% uncertainty for the 0-jet channel, 30% otherwise

<. CMS: 25% uncertainty for the 0-jet channel, 10% otherwise

my [GeV]
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Other backgrounds

@) Roberto Di Nardo — INFN Laboratori nazionali di Frascati

»W+jets background
» control sample with inverted lepton ID passing loose
criteria

>WZ/Z2ZZ
» Leptons coming from two different bosons
»estimated from MC simulation

> Wy*
» Normalization from high purity three-lepton control
sample

» Wy estimated from simulation

» Cross-checked with same sign sample

MINI-WORKSHOP ON HIGGS SEARCH AT LHC - March 28, 2012 20



CMS and ATLAS Results

arXiv:1202.1489,CMS-HI1G-11-024
ATLAS-CONF-2012-012

Roberto Di Nardo — INFN Laboratori nazionali di Frascati
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ATLAS Results

% 120_||l|l||l||l|l|ll|||ll|_+l_|Dl||l,/%|ShinE|l®'tlt;l_ % :|||||||||||||||||||II|III||II|III|I||||:
L D ata > sys @ stat) — = s —+ %+ SM (sys @ stat) -
O [ ATLAS Preliminary oW mm wzzzwy - G 3s5f ATLAS Preliminary & e ﬁwzfz;,wy =
— 100 \s=7 Tev,j Ldt=4.7f6" [J#&  [DSingeTop | e C \s=7 Tev,j Lat=47f" [ [ Single Top ]
-~ L ) ) Bl Z+jets [] W+ets — ~ 30— “ Bl Z+jets [] W+jets -
£ - HoWW Siviv + 0 jets [CJHM25GeV] ] £ E HOWW Siviv + 1 jet I HM25Gev] o
g so0f- 4 8 o5 =
L B _ L - ]
= 3
N - 151 =
40— ] N m
- - 10 =
20:— B 5F- =
60 80I 100 120 140 160 180 200 220 240 60 OI 100 120 140 160 180 200 220 240
my [GeV] m [GeV]
=z
| .
9 Signal Total Bkg. Obs.
2 I 'S muy=125GeV | 257 173+22 174 |
= = YTV aTSYi i g i < .
(@] = - -
E I o my = 125 GeV 6+2 45+ 7 56 I
2 — my=240GeV | 23+9 220+ 55 232
= D my=125GeV | 0402 05x02 0
U omy;=240GeV | 25406 42+17 2
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ATLAS Results

—
o
&%

= |IllI|II.I.I|II||||||||||||I |: 2.‘.H,,,,‘,,H,‘,,,,,,,HHIIHIIIIIII_
- ATLAS Preliminary HoWWoivl 3 3" FTATIAS Prafiminary | HoWWoNy | ]
n — Observed -1 1 2 ¢ —— Observed -1 .
- ---- Expected J- Ldt = 4.7 1b - § - ---- Expected Ldt=4.7 fb -
. = +1 :
Eﬂi ts=7Tey £ 10 Eizcé \s=7TeV

- —

@)

2

Tg]

(o))

95% C.L. Limit on /o,
=)

—h

.

10 e e e L
1l ) 110 115 120 125 130 135 140 145 150
10 I NS TR T T NN TR NS Y SN SO A SN N N M AT RIS B RN BRI = m[GeV]
100 200 300 400 500 600 :

m, [GeV]

» in 9 channels (ee, pp, ep) x (0 jet, 1 jet, 2 jet) for each My

» No significant excess in the mass range 110<m;<600 GeV
> 95% C.L. expected exclusion for 127 < my; < 234 GeV
95% C.L. observed exclusion for 130 < m; < 260 GeV

Roberto Di Nardo
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CMS Results

my | data all bkg. H—- W"W-
0 jet
120 | 136 | 136.7+12.7 15.7 £ 0.8
130 | 193 | 1915+ 14.0 152+ 21
160 | 111 | 101.7 +6.8 1229+ 5.6
200 | 159 | 140.8+6.8 488 +22
400 | 109 | 110.8+5.8 175+0.8
1 jef
120 | 72 59.5+59 6.5+0.3
130 | 105 79.9 +7.7 17.6 = 0.8
160 | 86 70.8 + 6.0 60.2 +2.6
200 | 111 | 130.8+67 258+ 1.1
400 | 128 | 123.6+53 122+05
2 jet
120 | 8 11.3+3.6 1.1+0.1
130 | 10 13.3+4.0 27402
160 | 12 15.9+46 122+07
200 | 13 17.8 +5.0 84+05
400 | 20 238 +64 25+0.1

entries / 10.0 GeV

entries / 10.0 GeV

100 -

50

40

20

T e
+ data [ DY CMSNs=7TeV |
. —m=130 top L=46f"
Cww Ewzizz |
B W+jets
' O jet]
- !- i
0 50 100 150 200 250
——————————— mt [GeV]
- «data MDY CMSNs=7TeV -
| —m=130  top L=46f" |
WWwW B wz/izz
| [ WHtjets N
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Multivariate approach

40

20

[ T
- data

| — m=130

ww

L [ Wijets

——— o]
M by
top

B wz/zz  O-jet, '

Most sensitive
Higher S/B

CMS,\s =7 TeV
L=461b"

/{-ﬁe' 4

1

BDT Classifier

A
o

20

-+ data
I — my=130

T ‘ T T T T
B oy
top

WW W wzzz

L [ Wijets

i

I T T T T I T T T T
CMS,\s =7 TeV
L=4.6fo"
1-jet, e*'u/pte

m.—*é*ﬁ—f;%;_ |

entries /0.1

0
-1

-0.5 0 0.5

1

BDT Classifier

entries /0.1

20

L

-0.5

40

20

|
i

T
-e- data

[ — m=130

Ww

40 I W+jets

—_——
WMDY CcMSNs=7TeV
top L=46fb’
B wz/zz O-jet, e’e/utw

IRy

0 0.5

BDT Classifier

1

- data
| — m=130

ww
[ Wijets

| |
CMSNs=7TeV
L=4.6fb"
1-jet, e'e/p*p

!

B oy
top
W wz/zz

1

0 0.5

-0.5

1_

»BDT trained at different
masses
»H—>WW signal and
non-resonant WW

background

»Inputs:pPit,M;;,, Ay,
AR, M.,

»Uncertainties:
— signal efficiency ~20%
— background ~15%

»BDT classifier output

used for CL estimation

BDT Classifier
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95% CL limit on o/og,,

Roberto Di Nardo — IN

CMS Results

—
o

=
w
I T median expected CMS, ls=7TeV e}
L H — WW (BDT based) @)
I 1 expected + 1o L6t S
expected + 20 =
I £
51 —e— observed -
B O
R
B 0o
(o)}
(0 o _
100 200 300 400 500 60
Higgs mass [GeV]

10
T median expected  CMS, ls=7TeV
- H — WW (cut based
I [ expected=+ 1o (GLU= :szb')‘
expected = 20

5 —— observed

(0] o _
100 200 300 400 500 600

Higgs mass [GeV]

» No significant excess in the mass range 110<m;<600 GeV
» 95% C.L. expected exclusion for 127 < my < 270 GeV
»> 95% C.L. observed exclusion for 129 < my; < 270 GeV

» Small excess at low mass (BDT analysis)
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Conclusions

%} Roberto Di Nardo — INFN Laboratori nazionali di Frascati

» H—-WW-—lvly is one of the most sensitive Higgs search
channels
»Fundamental ingredient in the final combination with the
other channels
»H — WW —lvlv exclusion limits:
» ATLAS : range 130-260 GeV
» CMS  :range 129-270 GeV
»No hint for a Standard Model Higgs in this channel.
»With the 2012 data we will be able to “close the gap”

»Expect discovery or exclusion this year!

> ...in the meantime LHC...

MINI-WORKSHOP ON HIGGS SEARCH AT LHC - March 28, 2012 27



Last Update: Mar 27 at 13:24 Mar 28 2012

LHC Machine Coordination Planning

LHC Pagel Fill: 2417 E: 4000 GeV 28-03-12 1421:11

MachineCoordinators: Ralph Assmann, Jorg Wenninger
i BEAM SETUP: FLAT TOP
Goals week 13:
A 4000 GeV I(B1): 1.59%+11 1(B2): 1.19e+11

Allowed injected intensity: 1 nominal

Allowed intensity 450 Gev: Safe beam

Allowed intensity 4.0 Tev: 1 probe

Tue A TCDQ/dump protection

Tue N Probe bunches through full cycle
Wed MA Collimation setup at 4 TeV

. a A a CLUL S ELCL _CLLLECLEL LLCL Tk Comments 28-03-2012 13:43.01 : BIS status and SMP flags

- . . L. Link Status of Beam Permits
Thu M Nominal bunches in collisions Collimation setup at 4TeV ongoing Global Beam erit
Setup Beam

Beam Presence
Moveable Devices Allowed In
Stable Beams

Latest LHC news and results: AFS: Single_7b_4_4_4 pM status 81 [JJENEENLPM Status B2
http://www.cern.ch/lhc-commissioning/news-2012/LHC-latest-news.html

Roberto Di Nardo — INFN Laboratori nazionali di Frascati

Collisions at Vs=8 TeV will artive very soon !!

X!

MINI-WORKSHOP ON HIGGS SEARCH AT LHC - March 28, 2012
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ATLAS and CMS Detectors

A‘ I lI Q S Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

» 2T superconducting solenoid. Inner
Detector: silicon pixel/strip tracker with a
straw tube tracker. |7 | < 2.5

» LAr electromagnetic and iron-
scintillator tile hadronic calorimeters cover
In| <4.9.

» Muon spectrometer in toroidal
magnetic field covers || < 2.7.

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
Transverse Slice of the Compact Muon Solenoid (CMS)

CMS: i) (aEmm) Chminn) Cmmimm) (s

3.8T superconducting solenoid. Silicon
pixel and strip tracker cover |n| < 2.5 _—

Directed Out

Crystal electromagnetic and O

brass-scintillator hadronic calorimeters (©>>>>>>

cover |n| < 3.0 and a Quartz-fiber =S

Cherenkov calorimeter covers to | 1| < 5.0. ) E'%?S?A‘é%?fgmﬁ?n wel NP
Muons gas-ionization detectors in the T’ﬁ?ﬁl:’hs%ﬂ?a .x,mmmw

Use the Play Button to see all of them,

solenoid yoke.

Derived from CMS Detector Siice from CERN
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ATLAS

Signal  Total Bkg.  Obs.
S my=125GeV | 25+7 17322 | 174
S my=240GeV | 60+17 607+63 | 629
o mp=125GeV | 622  45z7 56
~ my=240GeV | 23+9 229455 | 232
S omy=125GeV | 04£02 05£02 0
Umy=240GeV | 25406 42+17 | 2

CMS

my | data all bkg. H— W"W-~
il 120 | 136 | 1367 +12.7 15.7 + 0.8
| 130 | 193 | 191.5+14.0 452+21
;160 | 111 | 1017 =638 1229+ 56
21200 | 159 | 140.8+6.8 48.8+2.2
400 | 109 | 110.8+5.8 17.5+ 0.8
1120 | 72 59.5+5.9 6.5+0.3
130 | 105 799 +7.7 17.6 + 0.8
-1 160 | 86 70.8 +6.0 60.2+2.6
[ 200 | 111 | 1308467 258+ 1.1
;| 400 | 128 | 1236+53 122+05
1120 | 8 11.3+3.6 1.1+0.1
‘1130 [ 10 13.3+40 2.7+0.2
| 160 | 12 | 15946 122+ 07
| 200 | 13 17.8 £5.0 8.4+0.5
400 | 20 23.8+6.4 25+0.1
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95% CL Limit on G/GSM

Roberto Di Na
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ATLAS Preliminary

~ 2011 Data

- — Obs. -1 -
- Exp '[ Ldt = 4.6-4.9 fb :
ES N e _ _
o6 \s=7TeV
: CLs Limits | | | . -
700 200 300 400 500 _ 600

m, [GeV]
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Signal strenght ATLAS

Signal strength

Roberto

~ ATLAS Preliminary  HOWWoMY | § 4T ATLAS Prdiminary | FoWWob |
- — Best fit ) i § 3 —— Best fit JLdt e =
21 -2 InA(u) < 1 det =4.7 fo = % o -2 InAw) <1 =4. E
M e AR - i \s=7TeV ]
i \§=7TeV = N E
O ™ - - ]
i i O E
[ : = g
-2 —] - =
i 1 25 E
4 ] 3 E
i i -4 =
e P b s b s b by by by Iy 7

6 ] 110 115 120 125 130 135 140 145 150
i TR SRR RS UAT RS BT S S BT RS ET my, [GeV]

100 200 300 400 500 600
m, [GeV]
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E ATLAS Preliminary  H—WWolhvly
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E oS3
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2 T Y I
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mT 2 jet

Events / 10 GeV

Roberto Di Nardo — INFN Laboratori nazionali di Frascati

— I 1 1 Ll I 1 1 I I l Ll Ll 1 1 | 1 T Ll I I 1 Ll 1 T —
5 o . —
- ATLAS Preliminar ; Data ﬁ i
[ \s=7TeV,[Ldt=47fb’ [Ji  E@SndeTop -
41— *) . B Z+jets [ ] WHjets —]
B H-WW' 'Sliviv +> 2 jets [] H[240 GeV] 7
3 -
2t . -
e -
i %i ) é/ ? iié@y / ]
50 100 150 200 250 300
my [GeV]
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Light jet rejection
2,

102

10

d.

JetProb

m SY0

winnn P30

e S

mone |P30+SVA
JetFitter

= |P3D+JetFitter

|||IFII|||IIII|||II1||||FII|||IIII

i ATLAS Prehmmary

-t swnulatmn \s=? Te"'-.e"
i pé““:.zn GeV, <25

|||IEII|||IIII|||II1||||EII|||III

3 04 05 06 07 08 09

b-jet efficiency
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