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Capitolo 14  
Misura delle proprieta’ del 

Bosone di Higgs    
con ATLAS e CMS  
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   Issue affrontati dal 4 luglio 2012 
v Statistica accumulata: ≈ 25 fb-1 da ciascun  
    esperimento. 
 
v La nuova particella scoperta e’ veramente il  

Bosone di Higgs ? 
      i) ricerca degli altri canali di decadimento; 
     ii) misura dello spin: 
    iii) misura del “signal strength”: μ = σ/σSM

 
v Misura della  massa della nuova particella 

v Misura degli accoppiamenti 
 
v Ricerca di altre nuove particelle 
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“Candele” di Calibrazione dalle risonanze	
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Produzione del Bosone di Higgs da collisioni pp	
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2. The Higgs at hadron colliders

⇒ an extremely challenging task!
• Huge cross sections for QCD processes
• Small cross sections for EW Higgs signal
S/B >∼ 1010 ⇒ a needle in a haystack!

• Need some strong selection criteria:
– trigger: get rid of uninteresting events...
– select clean channels: H→γγ,VV→"
– use specific kinematic features of Higgs
• Combine # decay/production channels
(and eventually several experiments...)
• Have a precise knowledge of S and B rates
(higher orders can be factor of 2! see later)
• Gigantic experimental + theoretical efforts
(more than 30 years of very hard work!)
For a flavor of how it is complicated from the
theory side: a look at the gg → H case
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! Huge cross section for QCD   
      processes 

! S/B ! 10-10 " a needle in a  
      haystack 
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Mode Mass Range Data Used (fb-1) CMS Document 
H ! !! 110-150 1.7 HIG-11-021 

H ! bb  110-135 1.1 HIG-11-012 (NEW) 

H ! "" 110-140 1.1 HIG-11-009 

H !WW !2l 2# 110-600 1.5 HIG-11-014 

H ! ZZ !4l 110-600 1.7 HIG-11-015 

H ! ZZ !2l2" 180-600 1.1 HIG-11-013 (NEW) 

H ! ZZ !2l2j 226-600 1.6 HIG-11-017 

H ! ZZ !2l2# 250-600 1.5 HIG-11-016 

The Higgs Search at LHC 

! Production rate of the Higgs 
as well as its decay possibilities 
(“Signatures”), depend on its 
mass 



Page	
  7	
  	
  Carlo Dionisi FNSN II A.A. 2012-2013 7/16 

Larghezza del Bosone di Higgs	
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()*+$*+%   Cross Sections of SM Background processes 

4 

Cross Sections for Key SM Background Processes 

W + jets

Z + jets
 Z! !+!"

 W ! !"

tt

tt

t + X

t + X
(s-chan)

(t-chan)

tW W +W !

WZ
ZZ

165 pb NNLO

43 pb

18 pb
5.9 pb

28000 pb NLO

2800 pb NLO

63 pb NLO

10.6 pb

4.6 pb

! (pb) s = 7 TeV

Carlo Dionisi FNSN II A.A. 2012-2013 8 
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The Higgs Search at LHC 
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  v Η è γγ:  
a suitable “case for treatment” 

vThe lower the mass the harder it is 
at LHC  ! 

Carlo Dionisi FNSN II A.A. 2012-2013 12 
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Relevance of the !! Channel 
! Dominant Channel in the very low mass 
range (110-125 GeV) where the SM Higgs is 
prefered 
! We expect to see a Mass Peak ! 

Some years from 
now!! 

Carlo Dionisi FNSN II A.A. 2012-2013 13 
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Valori delle sezioni d’urto del 
segnale e dei fondi	
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• Higgs search in diphoton channel motivated by preference for

low-mass Standard Model Higgs

• Despite comparatively low branching ratio, an important

channel in mass window [100,150] GeV

• Clean signal reconstruction

• Backgrounds from limited sources and fairly well understood

Introduction

Signal:

Irreducible BG: prompt diphoton (+jets).

Born, box or fragmentation processes

Reducible backgrounds: !j, dijet (jj)

Drell-Yan BG also contributes (misidentified e)

Rozmin Daya Higgs Hunting -- Orsay -- Young Scientist Forum -- 07/29/2011 Slide 2

Signal VS Backgrounds 

! = 0.04 pb 

qqbar, qg, ! " 21 pb 
gg              ! "  8 pb 
 

#-jet      ! " 1.8$105 pb 
 jet-jet   ! " 4.8$108 pb 
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H !!! mass reconstruction: the discovery 
potential depend on the di-photon invariant 
mass resolution: 

 Experimental Issues 
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"0 – ! rejection 
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Photon reconstruction  
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Vertex reconstruction  
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Pile Up condition 
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Daniele del Re H!γγ with CMS 

ELECTROMAGNETIC CALORIMETER (ECAL)

3

76K PbWO4 crystals
organized in barrel (|!|<1.48)    

and endcap (1.48<|!|<3.) sectors 

Energy resolution via calibration 

Carlo Dionisi FNSN II A.A. 2012-2013 16 
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Very simple signature 

 (and analysis selection)  

Two tightly identified and 

isolated photons with : 

! 

p"
#

1 > 40 GeV /c

! 

p"
# 2 > 25 GeV /c

! 

"
1,2

<1.37

! 

1.52 < "
1,2

< 2.37and 

Photon Identification 

based both on the lateral 
and longitudinal 

segmentation of the 
calorimeter 

=2>.+&"=2?$(%-'&"4/($$&+"
  Simple Signature Channel 

  Very simple signature  
( and analysis selection): 
 
Two tightly identified and  
isolated photons with: 
 
P(!1) T > 40 GeV/c 
 
P(!2) T > 25 GeV/c 
 

Photon identification based both on the longitudinal and  
the lateral segmentation of the calorimeter 

• Uses 1.08 fb-1 data

• pT(!1) > 40 GeV,

pT(!2) > 25 GeV

• | "(!1,!2) | < 2.37,

excluding [1.37,1.52]

• Tight quality applied

• Calorimetric isolation

< 5 GeV

• Photon ": corrected

with respect to vertex

found by calorimeter +

conversion point (used if

conversion track has hits

in Silicon layer)

Analysis Selections

5063 events in [100,160] GeV

#CB= 1.72 ± 0.01 GeV

Rozmin Daya Higgs Hunting -- Orsay -- Young Scientist Forum -- 07/29/2011 Slide 5

• Uses 1.08 fb-1 data

• pT(!1) > 40 GeV,

pT(!2) > 25 GeV

• | "(!1,!2) | < 2.37,

excluding [1.37,1.52]

• Tight quality applied

• Calorimetric isolation

< 5 GeV

• Photon ": corrected

with respect to vertex

found by calorimeter +

conversion point (used if

conversion track has hits

in Silicon layer)

Analysis Selections

5063 events in [100,160] GeV

#CB= 1.72 ± 0.01 GeV

Rozmin Daya Higgs Hunting -- Orsay -- Young Scientist Forum -- 07/29/2011 Slide 5
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()*+$*+%H!!! mass reconstruction 

Dove possiamo arrivare: golden channel h→!!

15

h→!!  mh = 114 GeV
esclusione 95% CL

risultati LP scalati con 1/"L
si trascurano miglioramenti nelle analisi
si trascura il possibile peggioramento 
dovuto al pileup
stessi risultati per ATLAS e CMS
esclusione combinta con ~8 fb-1, 
singolo esperimento con ~14 fb-1 

miglioramenti possibili: 
 - calibrazione scala energia (Z→ee): nuove calibrazioni e migliore descrizione del detetctor
 - ricostruzione vertice primario con alto pileup (puntamento, recoil tracks, conversioni)

il caso più complicato

#

Dove possiamo arrivare: golden channel h→!!

15

h→!!  mh = 114 GeV
esclusione 95% CL

risultati LP scalati con 1/"L
si trascurano miglioramenti nelle analisi
si trascura il possibile peggioramento 
dovuto al pileup
stessi risultati per ATLAS e CMS
esclusione combinta con ~8 fb-1, 
singolo esperimento con ~14 fb-1 

miglioramenti possibili: 
 - calibrazione scala energia (Z→ee): nuove calibrazioni e migliore descrizione del detetctor
 - ricostruzione vertice primario con alto pileup (puntamento, recoil tracks, conversioni)

il caso più complicato

#

! 

•! Energy resolution contribution !p " 1.3 GeV 
–! Energy scale calibration from Z!e+e# 

•! Interaction point spread: $(z) " 5.6 cm ! !m (%) " 
1.4 GeV 

•! Resolution with pointing: $(z) " 1.5 cm; 
–! Use of recoil tracks less effective with large number of 

pile-up collisions 

•! Use conversion tracks as well 

H!&& – mass reconstruction 
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'z12 = z&1 – z&2; 'z12 " 3 cm; 

! !z&& " 1.5 cm; 

&'

!"#

!$#

Distribution of 

simulated mH = 120 

GeV Higgs events; 

$(m) ~ 1.7 GeV (using 

2010 calibration) 

6011$3$75..511$ 8$9:$;<#",=$><??#$#&"%'@&#$<)$9A69B$

%&'%(#

•! Energy resolution contribution !p " 1.3 GeV 
–! Energy scale calibration from Z!e+e# 

•! Interaction point spread: $(z) " 5.6 cm ! !m (%) " 
1.4 GeV 

•! Resolution with pointing: $(z) " 1.5 cm; 
–! Use of recoil tracks less effective with large number of 

pile-up collisions 

•! Use conversion tracks as well 

H!&& – mass reconstruction 

!"##$%&'()#*%+',()$

-.$/$.010.213'(#!4$"$010.!
.$

#-5-$/$215$.42#0504$%$#!5!$

'z12 = z&1 – z&2; 'z12 " 3 cm; 

! !z&& " 1.5 cm; 

&'

!"#

!$#

Distribution of 

simulated mH = 120 

GeV Higgs events; 

$(m) ~ 1.7 GeV (using 

2010 calibration) 

6011$3$75..511$ 8$9:$;<#",=$><??#$#&"%'@&#$<)$9A69B$

%&'%(#

•! Energy resolution contribution !p " 1.3 GeV 
–! Energy scale calibration from Z!e+e# 

•! Interaction point spread: $(z) " 5.6 cm ! !m (%) " 
1.4 GeV 

•! Resolution with pointing: $(z) " 1.5 cm; 
–! Use of recoil tracks less effective with large number of 

pile-up collisions 

•! Use conversion tracks as well 

H!&& – mass reconstruction 

!"##$%&'()#*%+',()$

-.$/$.010.213'(#!4$"$010.!
.$

#-5-$/$215$.42#0504$%$#!5!$

'z12 = z&1 – z&2; 'z12 " 3 cm; 

! !z&& " 1.5 cm; 

&'

!"#

!$#

Distribution of 

simulated mH = 120 

GeV Higgs events; 

$(m) ~ 1.7 GeV (using 

2010 calibration) 

6011$3$75..511$ 8$9:$;<#",=$><??#$#&"%'@&#$<)$9A69B$

%&'%(#

ATLAS 

" Energy resolution contribution "p ! 1.3 GeV 
 － energy scale calibration from Z ! e+e- 

" Interaction point spread: 
 － "(z) ! 5.6 cm ! "m(#) ! 1.4 GeV 

" Resolution with pointing: "(z) ! 1.5 cm; 
 －  Use of recoil tracks less effective with large  
        number of pile-up collisions 

" Use conversion tracks as well 
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!"#$%&'%%

()*+$*+% Pile Up Event 

!"#$%&''$()*+,-.* /012))34$#56789:;$ $%'

!"#!"!

!"#$%&$'"(
))*+,

-
+).*

/0123%4567%
#$819#$,$:;<

="<<%#$<0>1;90:%
;$<;$&%9:%?@$$%
A$$&%B$#;$C%
D0<9;90:%;00
E9>$1DF

G00&%H$;%
#$H$';90:%"><0%
$<<$:;9">%

Z!µµ with 11 
primary verteces 

ATLAS Data Taking in 2011 

Pile-up challenge: 

•!!"#!$%!&'$()!*+,-$%!./+!0,11!2#33!4,*,!

!!"#$%&'()'*!+(,!'(-!.#&,./,)01!2+*1#23!4!5!6!

•!!5'()!6+/7+8%%!'$48+%*,$4-$7!-96,(*!/$!

68+./+9,$(8:!;-*)!4,*,!<!%-9'1,=/$!

•!!>/$=$'-$7!48*,-184!68+./+9,$(8!%*'4-8%!-$!
6+8%8$(8!/.!)-7)!6-18?'6!

Luminosity-weighted distribution of the 

mean number of interactions per 

crossing for 2011.  

@A33!?!BC22C33! D!EF!G-%,=:!H-77%!%8,+()8%!-$!EI@EJ!

7897"!

:1';!*#0+(.%+&<3!=!>?@ABCDD!E0,>!%,B!

Relative fraction of good quality data 

delivery by the various ATLAS 

subsystems: between 90 and 100% 

F'&'!&';+(G!1HE+1(E<3!=!IJK!

ATLAS Data Taking in 2011 

Pile-up challenge: 

•!!"#!$%!&'$()!*+,-$%!./+!0,11!2#33!4,*,!

!!"#$%&'()'*!+(,!'(-!.#&,./,)01!2+*1#23!4!5!6!

•!!5'()!6+/7+8%%!'$48+%*,$4-$7!-96,(*!/$!

68+./+9,$(8:!;-*)!4,*,!<!%-9'1,=/$!

•!!>/$=$'-$7!48*,-184!68+./+9,$(8!%*'4-8%!-$!
6+8%8$(8!/.!)-7)!6-18?'6!

Luminosity-weighted distribution of the 

mean number of interactions per 

crossing for 2011.  

@A33!?!BC22C33! D!EF!G-%,=:!H-77%!%8,+()8%!-$!EI@EJ!

7897"!

:1';!*#0+(.%+&<3!=!>?@ABCDD!E0,>!%,B!

Relative fraction of good quality data 

delivery by the various ATLAS 

subsystems: between 90 and 100% 

F'&'!&';+(G!1HE+1(E<3!=!IJK!

 !At 5 ! e33 two possible scenarios:     i)  <µ> " 21 
                                                                    ii)  <µ> " 11   
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1

Search for the Higgs Boson
in the H→ZZ(*)→4! channel
at the ATLAS experiment

Valerio Ippolito
Università di Roma “La Sapienza”

INFN Sezione di Roma / CERN

Search for the Higgs Boson 
in the H→ZZ(*)→4l channel  
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The Golden Channel

5

charged leptons give the cleanest signatures:

Z

Z
H !+

!+

!-

!- pp→H→ZZ(*)→4! 
low cross section: 2-5 fb

(~106 times less probable than pp→Z→!+!-) 

low background contamination
from other processes faking signal

fully reconstructed final state
unlike H→WW(*)→!ν!ν

*

*

if mH < 2mZ, only one Z boson is on-shell!

µ

µ

e

e
let’s call it Z1

we have two different “subchannels”

*

*

[mH=100÷600 GeV]
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Reconstructing leptons

6

electrons muons

HC
AL

EC
AL

ID

MS

high lepton reconstruction efficiency (~95%)
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Event selection

8

p

p

x

y

pT2=px2+py2

µ+

e+
e-

µ-

ask two pairs of opposite charge leptons (e, µ)
two with pT > 20 GeV, two with pT > 7 GeV

*

build two Z candidates*
call Z1 the one with mass closest to the Z mass

make sure Z1 is an on-shell Z*
mZ1 = mZ ± 15 GeV

make a mH-dependent cut on Z2*
mZ2 > 15÷60 GeV

separate in 4µ, 2e2µ, 4e final states

overall ~15% efficiency on a simulated Higgs 
sample with mH = 125 GeV
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Lepton reconstruction performances

7

electrons muons

identification efficiency vs pile-up

identification efficiency vs ET

isolation efficiency vs pile-up

Higgs mass resolution

4µ
4e
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Background processes

9

p p

Z

!+
!-

!+

!-

jet jet

irreducible background

* pp→ZZ(*)→4! [MC]

p p
Z

!+

!-

Z

!+

!-

* same final state as signal
* dominant at high mH

reducible backgrounds

* Z+bb, Z+jets, tt [data, MC]

* relevant contribution at low mH

Z + µµ Z + ee

* rejection: ask leptons to be isolated
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       Higgs Stability 

Are we heading into region where Higgs demands New 
Physics ?  
                 We will know very soon !!  

Pretty tight 
stable region,  
isn’t it ?! 

N. Cabibbo, L. Maiani, 
 G. Parisi and R.Petronzio, 
Nucl. Phys. B 158 ( 1979 ) 295 
Sher; Lindner; Hasenfrantz; 
Hambey, Riesselmann…...	
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        LHC 
v LHC ha preso dati dal 2010 alla fine del  ���
         2012 raggiungendo una luminosita’ di picco ���
         di 7.5 1033 cm-2 s-1, con una statistica finale di ���
         ≅ 24 fb-1 ���
	


v     L’ acceleratore e i due rivelatori hanno avuto ���
         prestazioni di assoluta eccezione	


	


v     La scoperta epocale del bosone di Higgs,���
         annunciata al mondo il 4 luglio del 2012, ci ���
         prepara ad altre scoperte che ci auguriamo a loro ���
         volta epocali	
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