ricerca dell’'Higgs ai collider adronici

Produzione

1. gluon fusion in tutto il range

2. Higgs-strahlung per Higgs leggeri
3. WW,ZZ fusion per Higgs pesanti

Segnature:

1. nel range tra 100 e 180 GeV, si puo ricostruire la
massa invariante da yy o bb (al Tevatron, p.e.)

2. nel range intermedio, | decadimenti in coppie virtuali e

reali di W o Z possono essere identificati dai

dacadimenti leptonici (4 leptoni carichi per ZZ)

oltre la soglia ZZ, 4 leptoni!

All'estremo superiore, anche i decadimenti in jete

neutrini sono utili.

il

23
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Tevatron Run II Preliminary

- WH—cvbb ZH—>vvbb H—=WW'" "= vlv
DO: 382 pb”’ DO: 261 pb’’ CDF: 184 pb”'

10

WH—=WWW
CDF: 194 pb™'

A

1 |- CDR:289 ph”’ YD Rivou

| WH—=WWW CDF: 319 ph
DO: 363-384 ph”’

| ZH—svvbb ’ I \

H—=WW"' =vlv

DO: 299-325 ph™’

SM gg—H—-WW""

_ SM WH—Whb

10

Cross-Section x Br (pb)

SM WH—WWW

\‘

SM ZH—Z7bb

110 120 130 140 150
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160 170 180
m,, (GeV)
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Tevatron Run |l Preliminary, L=0.9-4.2 fb"’

"""" o
LEF’ Emlu&mn i) _Tevatragn
p i 5_ . Exclusion
lplll éﬂpﬂﬂtﬂ"d : : : : ;
- !}bsawaﬂm B WSS NN SR NN
EEEEE rITu e e TETT L RN EECEE ST PELRREELES
12{- E;E?!;);Elgd. ___j.:'.IIZZIZIf;IZZIIZII'.ZI'_ZfEIIZIfZZZIIIfEZIIIIIIZZIIIZ

95% CL Limit/SM
P
ITT]

l l......, | HanFhS,:!mP
100 110 12D 130 140 150 150 ‘I?D 180 190 200
mH{GeWc )
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LHC: la macchina

Energia dei fasci: 7 TeV
Luminosita: 1034cm=s™
(Luminosita dei primi anni? 1-2 1033cm™s™ ?)
Multibunch (2835 per fascio, spaziati di 25 ns)
C.=100mb — 102°-10%*s! =10 eventi/s
25 eventi/crossing
Ohiges = L Db — 107¢ -10°*s-1= 10" eventi/s
Radiazione di fondo, neutroni e gamma

Sfida per i rivelatori: 1 barn = 10-24cm2s""!
1 pb = 10-3%cm-2s-"

granularita 1fb = 10%9cm 25"
velocita di risposta 1 anno = 100 g = 107s
acquisizione dei dati [Luminosita integrata]=[I-*]

1 anno HL = 100 fb-1

resistenza alla radiazione |, = " " _ 0

26
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LHC: gli esperimenti

CALORIMETERS
ECAL

oo\, 76k scintillating Plast:c scintillator/brass
PbWOQO4 crysta sandwich

IRON YOKE

MUON
ENDCAPS
Cathode Strip
Chambers (CSC)
Resistive Plate
Chambers (RPC)

1 TRACKER
Pixels
Silicon Microstrips

210 m? of silicon sensors
9 6M channels

Superconducting Cail, § ’ e . Wy - oot 12,500 T
4 Tesla MUON BARREL "ati " Diameter: 15.0 m
Drift Tube Resistive Plate v

Chambers (DT) Chambers (RPC) Length: 21.5-m

Weight Length | Height (m)
(tons) (m)

ATLAS 7,000 42 22
CMS 12,500 21 15

27
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LHC: gli esperimenti

| I 1 1

Oom im 2m 3m

Key:

Muon

Electron

Hadron (e.g.Pion)
""" Photon

Tracker

) Electromagnetic
)],l )" Calorimeter

Superconducting
Calorimeter Solenoid

Transverse slice
through CMS
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Iron return yoke interspersed
with Muon chambers
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canali di scoperta

LEP
= 89 GeV
Mar 98
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100 200 300 400 500 1000
HIGGS MASS GeV
LEP200
i
+
0 H sz a1
I - 22 41
H—=ZZ— 1lvv !.-...-. K

H— zZWW — 11j, 1vj
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50 Higgs Signals (statistical errors only)

102

=

Discovery Luminosity [fb™ ]

10~ |

| | | 1 T T 1]
LHC 14 TeV (SM NLO Cross Sections)

L1 1ill

|

|

Ll

l

100
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A ——= H— 7y =
—_— H-—2ZZ ]
H — WwW i
g
| | | N B -
200 300 400 500 600
MHiggs [GeV]
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H l$~W7W "nili'
segnale >

e W
l$*wxm 2\
(] —»r——mannn. Y g Y
fondo irriducibile
(] —»——annnn. Y g Y

fondo riducibile

31
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H— vy

significativita = segnale/N(fondo)
fondo « larghezza del segnale
per my; < 150 GeV, TI';/m, <107

larghezza del segnale = risoluzione sperimentale

m2W= 2E,E, (1-cosBy)

o, _1
m 2

per 6 = 90°

O,

L,

I

0,
L,

I

0-9
tg0/2

|

1 - cosB,,=2s1n?0,,/2

1/2

15 milliradianti in angolo sono come 1% in energia

mercoledi 4 novembre 2009

32



risoluzione di un calorimetro

. . . . ol\E
risoluzione di un calorimetro ( ) G—)c

E\/_E

a. termine stocastico, fluttuazioni poissoniane
calorimetri omogenei vs campionamento

b. termine di rumore, indipendente dall’energia
rumore elettronico (tempo vs capacita)
a LHC anche rumore fisico (pile up)

c. termine costante, dovuto a varie instabilita, prima
tra tutte l'intercalibrazione

33
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pesi relativi dei termini

calorimetro campionamento — omogeneo
a~10% — 3%
fissiamo E = 100 GeV
aNE=1%, b=1GeV,c=1% =06=1.7%

a/NE=0.3%,b=300MeV,c=0.3% = o0=0.5%

34
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caratteristiche geometriche dei calorimetri

lunghezza di radiazione
A

In lunghezze di radiazione, le dimensioni dello sciame
crescono logaritmicamente con I'energia

nella regione di 100 GeV, 25 X,

raggio di Moliere

R, ocﬁocé(z>>l)
E. Z

35
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dimensioni

per una data separazione angolare Ao:

A

< r‘ >
w Ax ~R_

{~X

(o)

AX =TAQ = roe R _/AQ
Vcalor. ~ FZXO ~ RmZXO /A(p

piccolo A¢ = grandi dimensioni (e costi)
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The Crystal Ball

672 + 60 NaI crystals
pioneering most of the
features of barrel

calorimeters

PHOTOTUBE S

INDIVIDUAL "MODULES"
OR “CRYSTALS"

[/ LUMINOSITY =
MONITOR "EQUATOR"
A\ END CAP M S
¥ CENTRAL MS CHAMBERS
fLay MWPC CHAMBE RS " "
SR TUNNEL REGION
FIG. 3. Development of the ball geometry and
FIG. 2. Schematic of the detector, nomenclature
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Crystal Ball results

v (29
Y. 4
n29 .-
hadrons hadrons
hadrons
15000 7
. nn | |n.a0
£
2 4
§ 10000 n(19
i
c
3
o

hadrons hadrons y* radiative
5000

0-+ 1 0++ 1++ 2++
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calorimetro a cristalli di CMS

« 75000 PWO crystals
* APD read out (gain 50)

* Eyrange 1 GeV — 1 TeV

PWO: PbWO,
about 10 m3, 80 ton

Parameter Barrel Endcap
/ < 1| coverage In| <1.48 148 <|n|<3.0
/0 Granularity (AnxAd) 0.0175<0.0175 varies in 1
~ 7 Crystal Dims. (cm?) 2.18x2.18x23 2.85x2.85x22
Depth in X, 25.8 24.7 (+3X))
Vg
§/ /&y No. of crystals 61,200 14,950
) ‘ 'ﬂl A
‘ \.\.gﬁi% Crystal Volume (m?)| 8.14 3.04
Sl
\‘ EEHQE%% Photodetector APDs VPTs
N |
\ ‘___J!Ii{’i"' Modularity 36 supermodules 4 Dees
N
=
39
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photodetectors

Barrel: Avalanche photodiodes (APD) Endcaps: Vacuum phototriodes (VPT)
Two 5x5 mm? APDs/crystal More radiation resistant than Si diodes
- Gain: 50 - Active area ~ 280 mm?/crystal

- QE: ~75% at 420 nm - Gain 8 -10 (B=4T) Q.E.~20% at 420nm
- Temperature dependence: -2.4%/°C - Delivery ~80%

- Delivery complete

A
Y 0=265 i
mm I

P+ electric contact
B .\n
E field Groove to limit g 4’*« JYVYY
surface currents !
strength / . ) — 4212
< 2 I SEMITRANSPARENT '
P I + e
N R A PHOTOCATHODE BIHIORE
MESH
N- Drift space for low C ANODE
y H
1

N+ —t— Low resistivity silicon

f]\_j- Electric contact
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Hey vy in CMS PbWO, calorimeter

7000 &00 H -
- | 100!
6000 [—
= :; 400—
2 - =
= =

g soool B

P L

,E B += 200

@

oo Ly
e o 0 s
irreducible yy and "jet" background |_| LlJ

3000 —
1 | I | 1 L 1 | I

Signal significance

110 120 130 140 110 120 130

m.., (GeV) My (GeV)
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Expected signal significance

15

NE .I'I-‘-.I'I NB
o]

| NI LI DL DL L
H -y, CMS

W 30" (low luminosity)
@® 100 fb! {high luminosity)

| I T T T |

140

100 110 120 130 140 150

m.ﬂ, (GeV)
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H—ZZ —4 leptoni
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Events /2 GeVfor L, = 10° pb-’

o)
=
|

L5} ]
=]
I

P
=

[ L¥]
o

~90% of bkg comes from ZZ*

H—ZZ'— 4 /%

+ 30, cul,
tracker isal,, all leplons:
— (R=0.2, py>25GeV),
| (IPIG) gy < 3

I 1 L

CMS
107 pb-1

bl
tt + Zbb + 22"

100 120 140 160 180
M (41) GeV
1 experiment, 30 fb-'

m,, (GeV) 120 130 | 150 170 | 180
S 1} 11 27 8 20
S/B 2.7 4.4 9 2.7 | 6.7
SHB 30 fb1 2.4 4.8 1556 3.2 11.2
(Poisson)
SKWB100fb! | 3.8 10.3 | 22.6 5.3 16.7
(Poisson) )




H—-WW-—=lvlv

Importante intorno a 170 GeV dove ZZ e depresso
oxBR= 700 fb

misura di conteggio, non ci sono picchi di massa

Invariante
fondi:
- WWO (irreducible) o=5pb
-WZ — ivil, LL — ({vv o=1pb
- Wt, Wbb = 2/4X o =120 pb
tagli tipici:

leptoni isolati di segno opposto, alto pt
M, <80 GeV (contro WZ, Z2Z)

nessun jet energetico
missing energy
43
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la conoscenza del fondo e
H->WW-puvuyv essenziale per la misura

- 104[— .......... e ——————————————— “1 = 10.-_,- .......... -
Y] Chvegd 2
w LR o
™ o
& 10 3
2 @ 10°]
5 5
> >
w 10 w
1C;
10
. 1 1L~M“~ . - . . , “o“"o - as
0 20 40 60 B8O 100 120 140 0 10 20 30 40 50 60 70 BOD 90 10C
Missing ET (GeV) Pya (GEV)
- 10> [T T T T —r—— S (T T T T ——— 3
5 | Q i
O] [ Q) !
o o
g g
w107 L
c | c !
[ D
> >
w w
10} 10
11 1[ J
0 10 20 30 40 50 ©0 7O BO 20 10C O 10 20 30 4C 50 60 70 80 S0 100
P, (GeV) Inv. Mass (GeV)
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H—-WW-uvuv
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g o] 2T
5
o 1.8
D 1.6F 1 =
S ¢
0 1.4;
- .
w© 1.2 ,
c
2  qF -
%)
0.8
0.6 ‘ I
0.4
0.2} .
07 S - | o
130 140 150 160 170 180
MH(GeV)

Significance

scoperta in CMS

:J'IY'l7]""[“]'][’!1""1[|l:
;- *L=5fb" . B
F [Ei g
; ; '
I-llllllllél»'f‘llllllllllllllllllll-
130 140 150 160 170 180

M (GeV)
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H o 22 - 4¢ : signalDHIGHERN

20 b’ 100 fb-!
60 1 r 1 1 1 1 | B T e e Wy L | I | | i
1o f:l: 1 80 ; T 2P fi ]
o H—>ZZ— 4 {* H=+ZZ->4 B H¥ZZ-+4
rn.,=4mGt‘-* Iﬂ* My = 500 Gaov - i E my = 800 GeV i
E-m bhgd 27 comimum - ""3' : bhkgd * ZZ cominum E a0 -¢; bkgd : Z2Z cominam
o fi= 14TV S ml! Ve =14 Tev | osol i Ve=14Tev
- ach ¥ CTEQ2L | i -* GTE'JEL :_d-_ i CTECEL
‘E £ Eaok i |
'-'-'an # + 2104 ! IE-I{J!— 10° pb~! i Ug.l 5 =+ P 107 ot
i i | 1
x ++ +1'4. 5t g, -
10| ’+ | m[ 1 e ‘
=) 10 e -
P -...r| i 1“"_’;--:..
] e g*;__m ""#M 0 i 9 9 ) ek |
200 300 400 500 @00 700 300 400 500 800 70O A00 300 400 500 600 700 &00 900 1000
M4t (GeV) M 4% (CeV) M4t (GeV)
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my~1TeV:H > Z2Z-> // vy

As m, increases further, I',; increases and o falls = turn to higher BR modes
ATLAS : 100 fb1

Signal: Jacobian peak in E;™¢s in 160 L :
events with Z + large E™miss : 1 Pr(")>250 Cev
) 140 - : - ——- ZZ continuum
Typical Cuts S 1201 ol EP::JTE:#G MB events
2isol / : p; =20 GeV, p{(Z2)>60 Ge < i |
ETmiss = 100 GeV % 100 - total background
1tagging jet El> 1 TeV, in Inl>2.5 S g0 |
Backgrounds: irreducible — ZZ, E “r ; 5@:‘;1 :;:c?kg?utnd
. . w !
reducible — Z + jets 40 -. - ’
20 |- i ++++++W
Z+|ets: parton level simulation : '::I - TR ooty
0 - —

. 0 50 100 150 200 250 300 350 400 450 500
Forward jets can be used

E; M55 (GeV)
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my~1TeV:H-> //]j, Iv]j

Larger statistics if use decay modes H->WW-— (v+jets and H=>ZZ— //+jets
BUT need to reduce enormous W+jets and Z+jets background

Consider WW final state (ZZ similar)

Find jets in AR=0.2 with E;>50 GeV, reconstruct W - |j e(W—>jets) ~ 60%,
E-(jj) > 150 GeV, My~20 < My < My+20 o(my,) ~ 7 GeV
pr(/) > 50 GeV, E;™ss > 50 GeV

p+(W) > 200 GeV

Backgrounds from W+jets and tt=WbWb roughly equal but still large

Use forward tagging jets from qq - Hqq

E 29> 15 GeV, E> 600 GeVwith2<Inl <5 q—-—g;:;
E ¢l > 3 GeV “Lﬂ._} y
Low L : no additional jets with E;>20 GeV in Inl<2 oy o
.,
Q—» =
Fake tag prob. from MinBias q

Single jet - 4.6%, double jet - 0.07%

48
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m,,~ 1 Tev : H > 2253 NN
t

Typical Cuts jet e
2isol 7 : p;' >50 GeV, p(Z£)>150 GeV
M,, =m;-10 GeV

l.e. 2 central jets E{ > 40 GeV in Inl<3

2 tagging jets E > 400 GeV, E{/>20 GeV

Ho ZZ —
o _gignnl
i —

CMS

[
I

%]
1

=
I

Events / 200GeV for 10° pb”

=

200 800 1000 1400 1800
Mlljj (GeV)
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my~1TeV : HSWW = /v jj

Typical Cuts
1isol / : p;/ =30 GeV in Inl<2.5 )
E,mss > 100 GeV % ol S E,.g>200 GeV
.e. 2 central jets E/ > 40 GeV in Inl<3 S 40 ; ++++++
2 tagging jets E/ > 400 GeV, E{/>20 GeV S wE 4 t,
p;">100 GeV in /v and jj modes E o Etari |1 et o e
ATLAS 2 0 500 1000 1500 G VZL}!{IJ
m, .. (Ge
my, = 1TeV, 30fb" m,, = 800 GeV, 30 fb"' !
Process Central Jet | Double S
cuts | veto tag 3 0 3 J[J[ +++_|_ E,.;>400 GeV
H—WW 222 | 143 73 7 F ﬁ oLt
7 38300 2800 | 85| =z °F L g,
: - = L LA L1 [ b 01
W+ jets 15700 | 6900 62 E 0 500 1000 1500 2000
m, .. (GeV)
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—
=]
[

5-6 discovery luminosity (fb™)

qqH, H—=WW-—=vjj

qqH, H—=ZZ—llvv
H—=WW*AWW—llve, NLO
H—ZZ%/ZZ—4 |leptons, NLO

o 4 < H

qgH, H—yyt't

o H-7yyinclusive, NLO
*  ttH, WH, H—bb
Combined channels
| | | | | | |
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|
100 200 300 500 800
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