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L =

∫

Ldt, # eventi = ε L σ
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 γ, Z Q2

x

p

Q2 =
h	� Q.@X<D= G h G�c U%Q%[`S J STa @Xc Y*G`@ F J @ [ � Q.@X<D= @bF J

x = xBj =
\ =E@�
 G J ;
> <*G � Q.@ <%= G h G`c U%QD[�S J <
> [WUD= J F J ;D> Fb= @XS U J = F @ F @ <%@A[� Q.@�=��da J [`U*G F J

y =
	 >�[W= G \ >�=LG`cC>A;AF J <
> [

p
@ = G`U J S J�
 \ = @�
jG J ;D> <*G >�;D>�= Z�G`@ ab>X<*Q�F @

<D@A[ [�� > [^>HFLFb= J ;
>
_ J [ J <*Q.>�G`;��*@�= G�@X;AFHG%G`;
<,G`U.>�;D<
>�; FHG �

Q2 = sxyI G`S F @X;�
 @ S J ;
<D@ F @ <%@A[R[�� G�;AFb>A=E@�
 G J ;
> �
d ∼ 1/

√
Q2
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d2σNC(e−p)

dx dQ2
=

4πα2

xQ4



xy2F1(x, Q2) + (1 − y)F2(x, Q2) +



y − y2

2



 xF3(x, Q2)





F1, F2, F3 = Funzioni di struttura del protone

F2(x, Q2) =
∑

q e2

q x q(x, Q2) descrive la struttura del protone
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/
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massa invariante del sistema e-jet centrata attorno ai
200 GeV

⇒ possibile esistenza di una nuova particella

� � & �E�� � 1 ) � 1 & #=� e−p
1 ) � �! " "#%$& " & � � & - � / )�- / &

1 ����� ) / / )�  � & � & � � + �
Con e− ed e+ si ha sensibilità a tipi diversi di risonanze
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q(xpµ)
q (q′µ)

e−(kµ) e−(k′µ)

LQ
λλ
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e− $ jet %)
1 )�� �!�$# & 1 & �

m2
ej = (k′ + q′)2 = (k + x p)2 = x s

���!� 1 � 1 & ��� � 5 �
� � / / � 1 �4- �� � � & � � & 1 & � �
	 �

massa

sqrt(x s)

eventi

DIS

LQ
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F = L +
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σ(ep → LQ → eq) = (J + 1)
πλ2

4s
q



x =
m2

LQ

s
, m2

LQ



 β

J = Spin del LQ

λ = Costante di accoppiamento

q(x, Q2) = densità del quark q all’interno del protone
β = Frazione di decadimento del LQ in eq

� & - + � )�� � & 1 ) � � & - �� �!� & � � & �
Γ = (J + 1) λ2

16π
mLQ

Γ ∼ keV � � ��� $ ���  ,� $ �K� � H �
	 ��+ �
��� � �'� � � ����� � H"H�� 	 � � $
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β F

SL
1/2 $������ λL(e−L ū) � 	

SR
1/2 $������ λR(e−Rū) � 	

$ ����� −λR(e−Rd̄) � 	
S̃L

1/2 $ ����� λL(e−L d̄) � 	
V L

0 $ ����� λL(e−L d̄) � λL(νeū) ��� � 	
V R

0 $ ����� λR(e−Rd̄) � 	
Ṽ R

0 $������ λR(e−Rū) � 	
V L

1 $������ √
2λL(e−L ū) � 	

$ ����� −λL(e−L d̄) � λL(νeū) ��� � 	

SL
0 $������ λL(e−Lu) � −λL(νed) ����� �

SR
0 $������ λR(e−Ru) � �

S̃R
0 $������ λR(e−Rd) � �

SL
1 $������ −λL(e−Lu) � −λL(νed) ����� �

$������ −
√

2λL(e−Ld) � �
V L

1/2 $������ λL(e−Ld) � �
V R

1/2 $������ λR(e−Rd) � �
$������ λR(e−Ru) � �

Ṽ L
1/2 $������ λL(e−Lu) � �
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q(xpµ)

q (q′µ)

e−(kµ) e−(k′µ)

γ, Z0

q(xpµ)
q (q′µ)

e−(kµ) e−(k′µ)

LQ
λλ

� J U J [ J Z�G`@ <
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• � >�= FHG^a >
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• Q2 >

e*k,k,k
GeV2

→ � e%k%i > �%>�;AFHG < J U J [`@ S > [^> 
 G J ;D>
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 a G`>�;�
H@ = G`S a J ;AFb= @bFH@ <
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GeV
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q(xpµ)
q (q′µ)

e−(kµ) e−(k′µ)

LQ
λλ

m2

ej = (k′ + q′)2 = 2k′ · q′ =

= 2(E ′
eE

′
q − k′ · q′) = 2E ′

eE
′
q(1 − k′·q′

|k′| |q′|)

m2

DA = (k′ + q′)2 = (k + q)2 = (k + xDAp)2 =
= 2xDA k · p = xDA s

m2

3
= (E ′

e + E ′
q)

2 − (k′
e + k′

q)
2 = (E ′

e + E ′
q)

2 − (k′
e + k′

q)
2

z =

= (ETOT − pTOT
z )(ETOT + pTOT

z ) = 2Ee(E
TOT + pTOT

z )
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mej =
√

√

√

√2E ′Eh(1 − k′·ph
|k′| |ph|)�J� ) & ��+ �0� � �

mDA =
√

xDAs

m3
�
m3 =

√

2E(Eeh + peh
z )
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2 GeV 7
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m

)
Q2 � / �!��#*),+,+ � �) � )���#;� ��) � 1!& #=� .

x7 ) � � 5 � � .
µB 7 �
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µlim

S

 � + � � ) � )��(#=� 1 � �
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CL =  � � �

0.05 = e−µlim
S

∑x
k=0(µ

lim
S + µB)k/k!

∑x
k=0 µk

B/k!
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σ0.95
lim =

µlim
S

εL
ε = efficienza per i LQ

L = luminosità integrata dei dati

(a) Massa ricostruita con il metodo m3

(b) Massa ricostruita con il metodo mej�
	  / & � & - � �
σ0.95

lim ≈ 	 � � ÷ � � 
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	 � ) # #*� - � & � � �
σ0.95

lim ≈ 	 � � ÷ � � 
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σ(λ) = λ2σ(λ = 1) ⇒ λlim =

√

√

√

√

√

σ0.95
lim

σ(λ = 1)
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F = 2

�
���
e−

�
� �#"D"%$ H"H � � � $ � ���#� � 	�� � �5� � �'�
�� � → λlimH � �� � � �.� �
. �*7 ����� �$#;� � � 
 )(- � �!- �4 � � � ) � &   ) 1 ) � �
	 �
$ ���*�
���P�,� � �.� � � � $
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√

4πα ≈ 0.3

mlim
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γ
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