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7 — High energy v interactions

1. High energy v interactions

2. The v beam

3. The v detectors

4. v interactions

5. CC v processes

. Structure functions

. The discovery of neutral currents

NC v processes A v interaction in BEBC

[original in bw, the colors are an artistic invention]
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. Pure leptonic v processes
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After 1960, the accelerator production of v-
beams of high intensity and high energy has
led to a dramatic development of our
understanding of weak interactions.

It is important to explain, albeit in a schematic
way, what are the key points to realize a
scattering experiment v-hadrons :

e The neutrino cross-sections are very small
(for E, = 1 GeV, (VN) ~ 1038 cm?, while for
the same energy o(pp) ~ 1026 cm?.

e Beams, detectors, experimental setups have
to compensate (bulky, intense, expensive ...)

Q. : from the plot, it seems that (6. < E,);
why ? it looks ugly (actually impossible,
because of high energy divergences
("unitarity violations"). [Wait and see ...]

"N" and "X" are
N ~ _
K > H all the relevant
. hadrons/quarks
W+ /systems [many
N > > é }"X" different cases]

o(vN) =kE,; k=0.67 x 1038 cm?/GeV;
o(VN) = k'E,; k'~ 0.34 x 1038 cm?/GeV.
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Problem. How many 1-GeV V's are e i.e. we need 30 billions V's, in order to

necessary to produce 100 interactions in a get one interaction in 10 meters of iron !
detec.tor of reasonablge size and material  « Other used quantities : A =M/ (po) =
(e.g.iron, 1 X1 x10 m?) ? interaction length, the length of material

to be traversed by a beam, to have a
* Interaction probability @ for1v : reduction 1/e of its intensity [compute it

> G =crosssection @ 1 GeV, in our case.

> € =length of traversed material, $
> M = nucleon mass,

] 80 tons iron
> N =[N ,qeons PEF UNit volume] =

= rndetector/ (M Vdetector) = pFe/ M;
> P =ont=0cpge/M=[MKS] 1m
~ (0.7%x1042) x (7.9%x103) x (10) /

(1.7%x10?7) =
~ 4x 10'13 X X -B 1m)= :mple, but the
(p Fe/ P HZO) ( / ) the problem _;;;ﬁtsg:g :xpensive

~ 3.2x10-L. solution is di

Im




~ @< (=0 [

p target mw,K,... collection decay tunnel absorber detector(s)
450 GeV(Cu, Be) + magnetic selection

([ ~10 (WB / NB) /K —>pty, nop 10" v,/v, (WB)
/cycle /p /cycle

Schematic view of a v beam (especially CERN WBB/NBB).

[not to scale])

[NB a)in all the beam discussion, mutatis mutandis "v" means both "v" and "v";
b) in this presentation the focus is on beams from CERN SPS: similar beams from PS, Fermilab, Serpukhov]
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magnetic
collimation
K‘ 'J'Ci/Ki B 1
p — o :
e B Y. ..
target decay
tunnel [NOT to scale]

The relevant observable is the cross-section o
(or do/dQ). In order to measure it, the
experiments need the flux of incoming v/v.

A v/V cannot be observed before its interaction
e. Therefore the flux can only be computed
statistically, together with its stat. and syst.
uncertainties. The ingredients are:

@ the inclusive differential cross sections of the
7 and K* production in the target;
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The v beam: computation method

@ the collection and collimation of n*/K%;

€ the distribution of the decay length
f();

@ the distribution of the v/v decay angle
f(6*) [boost t*/K* CM system — lab];

Using all these distributions, the flux, as a
function of the v/v angles, energy and
positions, is numerically computed, usually
with a MC, and used in the analysis.

In the next slides some of these features
will be examined.

despite all the efforts, in v data
analysis the beam is "the" problem.
(Almost) all the systematics,
mistakes, discussions, fights, come
from the wrong control of the beam.



The v beam : details of the method

% > "wide band beam" (WBB):

_)i’(__),; fﬁ . more intense beam, but not

"monochromatic" (rn/K collection

(1) (2) (3) (4 ) (5 with high acceptance, e.g. van der

Meer horn);

magnetic
el ien > "narrow band beam" (NBB): more
W’ monochromatic and higher energy,
L d% _____ N but much less intense (standard
target ecay 4t Y
E tunnel [NOT to scale] m*/K* selection);
in practice, both beams are optimized
Some details: for different physics measurements;
e the statistical distribution of €@ and @ can be f(8) and f(6*) can be analytically
directly measured; calculated and boosted to the LAB

e the momentum distribution of p* from wt/k*  system, using By [B=|p.ul/Erpe
decay can be computed and checked using their ~ Y=Ex/Myl and the lifetimes
measurement in the decay and absorber ¢ many more subtleties, e.g. rare n¥/K*
tunnels; the v/v flux is then inferred; decays, punch-throughs, .. are

e the collection and collimation system @ may included in the computations.
use different stategies (an option for the user):

D
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* Only beams of v, (or V) can be created: ~ Results [see next slides] :
Vv, (or v,) are small contaminations (e.g.

e the angular distribution for a v, respect
from K*; decays); & P

toa n* of energy E_=m_y, is

* the v's are not directly measurable — 5 , T3/2
some info about their 4-momentum dn ~ 1 4y [1+tan Ol :
comes from the kinematics of the decay dQ2  4m (1+y2 tan’ 6) Rep. 433, 101]
of the ©*'s and K*'s (1* / K* — p*v );

[Kopp, Phys.

e therefore, a detector of surface S,
positioned at distance £ and angle 0,
sees a flux ¢ of v's :

 boost it (B, v,) to get the longitudinal S 2y 2
// . . . . . z
momentum p!/, and its distribution; ¢ Al (1+7292j

e the nt* (K*) has spin 0 — in its CM-frame
isotropic decay (¢*, cos 6* flat);

* no boost for the transverse momentum
pt, distribution.

nt [KF] CM

V *
it direction V(V)e* ®

nt decay U




Kinematics is simple :

* since the m* have spin 0, the (vu)
distribution in the CM system is flat;

— the momentum of the v's in the LAB
has a (roughly) flat distribution;

— the distribution ranges between
E,m" ~0and E ™ =0.43E_.
e [for K* decay, the same formula gives
a higher maximum : E,™® = 0.96 E,]

( N\
%
Tci, Ki “““79
e LAy~ I
Q.Q
A Lli
.| (e decay)
e
S~
o
©
(K* decay)
0.43E, 096E, E
. vy _J

( (
n: ( m_, 0, o )
CM:sv: ( p¥ p*cos0*, p*sinO*)
(u: (m_ —p*,—p*cosO*,—p*sin0*)

2 2 2 2 2
m,=m_+p* -2m p*—p* =m_ -2mp* —

* m; —m; T . m. +m;
:—; :mn— :—;
P 2m_ H P 2m._
Py | 4 =PCOSO=7p*cosO*+Byp*;
dn dn ||dcosO*| const
7 I prowev | pr7 e
Vv LAB v |iag
// max . // % _ N N .
Py | e =Py LAB(cosG) =1)=yp*(1+p) = 2yp* =
E, M, —m, m> —m? m’
:2 T s ”:En%:En 1__;1 .
m_  2m_ m’ m?
// min /. . B . - N
Py LAB =Py LAB (COSG - 1)—Yp (B 1)~0.
1 _ . . // |max B max
\pv —p*5|n0*_0(mn)<< Py LAB ~Ev LAB _@(En)')

~




The v beam : dn/dQ +

~\

Moreover : (pj = p. sinO=p*sin0*;

e 2-body decay;

* in the CM (p*, Q*, 6*), the angular
distribution is flat (=1/4n);

p” =p,cosO=7(p*cosO*+BE*)~yp*(cosO*+1);
p./p” :tan6:sin6*/[y(1+c056*)];

* in the LAB (p, Q, 0), boost B,y; yztan26=( sin® * jz_ 1—cos*0* _1-cos0*
e long, but simple (see box) : 1+cosO* (1+c056*)2 1+cosO*’
dn _ dn [dQ*|_ dn |dcos6*| _ 1-y*tan’0
dQ dQ*| dQ| dQ*| dcosd 1+9’tan’6’
_dn |dcos0*||dtan’ 0| _ dcosO* _y? yz(l—yztanze)
dQ*|dtan’0|| dcosO = - -

dtan’0 1+y’tan’0 (1+y2 tan’ 9)2

3/2

1 4y? [1 +tan’ (ﬂ
4n (1+ v tan’ 6)2

2

—2y
(1 +7v° tan® 9)2

dtan’6  d [1-cos’8 d ( 1 _1j_
dcos® dcosO| cos’6 dcos@ cos’ 0
) =—-2/cos*0 = —2(1+tan20)3/2 A—/
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protons to SPS/LHC :
> Linac2 (0-50 MeV);

> PSB (> 1.4GeV);

> PS (— 28 GeV);

> SPS (— 450 GeV); f
>

LINAC (P)
(Pb)

oW*
0 197
" ‘e‘e ann
nher® s s
(8) 1\
decay tunnel \\_Ep-v\.\—\c“::‘bea«\ho
+ absorber e lEE ce®




The accelerator : as an example, the Super
Proton Synchrotron (SPS) at CERN, which
(today) accelerates ~5 X 10%3 protons per
cycle to an energy E, = 450 GeV.

The proton beam is extracted and sent to a
target (copper, beryllium, graphite). The
average secondary multiplicity is ~10
charged, with energies from 10 to 100 GeV.

The secondaries (7%, K*) are focused and let
decay.

SPS - QPERATION PERIOD 38

CYCLE™ Type 23: 2107400 Gev/c
Flat :1900/1020ns0c Cycle length = 9 6
12.37+812
300 GeV

12.36+E12
400 Gev

15, 04eE12
§ Cev

RATES. - 22.9 *E12

Target p/peEll N'plicity peBl1l Mplicity
T 9.38 1.74
T3 2.68 13.33
5 6.2%
5-77,1 9

T7.2 .01

0. 04
28, 44

2h21
22.\¢
\

19 Q!\\-

r2.88
EFF. SPILL: T1 (30 ns gate) 966 Té (32
(nsecg) TS (35 ng gete) 760
COMMENTS. :
16.13h
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The v beam : CERN SPS

The focusing is a compromise: resolution
[ideally a monochromatic v beam] vs
intensity [as many v's as possible].

A good solution is the WBB beam, where a
"Van der Meer horn" selects with good
acceptance ntt and K%, with given sign :

» +ve for a v beam from n*/K* —> wv,,
» -ve for a v beam.

-

n (10%13),
E (GeV)

~

SPS 1978 (2x10*3 p, 400 GeV)
["SPS page 1"]

»

2 -

accelerations




e The Van der Meer horn consists in a magnet,

pulsed with currents (up to 100 kA), positioned just
after the target.

* It collimates particles of a given sign (n*,K* in the
scheme) and sweeps away the opposite charge (7,
K=). Multi-horn setups have also been built.

e The direction of the current in the horn(s) selects a
beamofv © v, : (T*—>utv) vs (T—uv).

Imho, one of the two great
contributions of SVAM to particle
physics (he got the Nobel prize for
the other).

Van der Meer horn

\




In the decay tunnel ©*'s and K*'s decay. The figures show :

The length of the tunnel is a compromise

between cost and intensity : it should be

about the average decay length.

— In the laboratory frame :
€=Pyct=pct/m.

E.g. for 50 GeV 1*, [ct(n*) = 7.8 m] :
€£=50x7.8/.140=2800 m.

(in reality the tunnels are only fewx100 m).

Charged particle energy 275 GeV

> the angle between the v and its parent
(i.e. the additional angular spread of
the beam due to the decay), for v
originating from K or  (vK and v7);

> the energy distribution of the v and v
beams for 10%3 protons on target.

10°

VIV Hlux/Gevi 10" incident protons/m?
detector of 1.0 m radius at BEBC

Neutrino energy GeV

Q. Why more v than v ?

A. No exotic motivation, but
the initial state pN is +ve, so ©t*
N e
| i | | \\l\\'

are more abundant than ©. Jo L NI

i |
20 40 60 8C W00 120 140 60 B0 200 220 240 260 ZBO 300
E, (Gev)

¥ 2 3 mrad
Neutrino production angle



The v beam : the u's absorber

The Absorber : the detectors must
obviously get ONLY v's and NOT the pu's
(initially as many as Vv's), ©'s and K's (few,
but not zero).

Therefore a thick absorber is positioned at
the end of the decay tunnel.

iron + 220 m rock.

As an exercise, compute the range in iron

for a high energy u. From the numerical
integration of the function

range

E= jo (dE/dx)dx :

E, (GeV) range(Fe) range(rock)
At the CERN SPS it was made with 185 m 100 GeV 56 m 156 m
500 GeV 180 m 583 m

vV, U
[TE, K] HADRON

HORITOR
ACCESS

> BEAM FORMING EVACUATED

TURNEL N BECAY TUNNEL

The setup of the CERN v

EXPERIMENT

300 m

beam [a dark figure from

a clear discussion - J.
Steinberger, CERN Yellow
Report 76-20].

Mn
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The v beam : conclusions

The table and the plot summarize the ¢ for NBB the relation between the

main performances of the two CERN radial distance (r) of the impact
beams : point in the detector (P) and the v
 for WBB the relative contaminations: energy allows for a determination of
the Vv energy with a certain
WBB beam resolution, and little /K ambiguity.
v, v, [NOT to scale]
v, 91% 15% ]
— T . Vo __
v, 8% 84%
2.0
v, 1%| 0.4% NB beam
Ve 0.1%| 0.7%

E.g., it means : you think you
have built a WBB v, beam, but
actually you have only 84% v,
plus 15% v , 0.40% v,, 0.70% V..

0 50 100 150 200
Neutrino energy, GeV

Y
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The v detectors are of different types, but
have to share common characteristics :

e big size (detect small cross sections);
e good lepton identification (CC vs NC);
e meas. of the hadronic shower (NC);

e rate capability is NOT a bonus, due to
the small number of events.

 traditionally, the best v detectors were
heavy liquid bubble chamber, filled
with (freon CF;BR, Ne, propane), and
embedded in a strong magnetic field.

e Gargamelle is one of the first and most
glorious of them : "she" discovered the
neutral currents [many thanks to her
"father" A. Lagarrigue].

Notice :
 coils for mag. field * big size (for the 70's);
generation; * absence of cryostat; , .
* holes for th ; e v's enter from the left Andre Lagarrigue
oles for the cameras; v's enter fro e left. R




The v detectors: Gargamelle

interaction e*e” pair
= y
> —
v, i) \
e Y

Gargamelle discovery of NC [1973] - the famous event:

e the key point is the e~ identification, via its brem(s); f 5 > >3 b
1l M
* ... and the absence of anything else (especially a u* 5
candidate);
. : e > > e-
e the event was interpreted as a purely leptonic NC \ J

process [\7H e >V, e].
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The v detectors: Gargamelle

Gargamelle discovery of NC. clearly identifiable as hadrons, f—f:r:::::fjfjf,:J this is the
as they interact with other l key point

nuclei in the liquid. There is no
charged lepton (muon or

A Dbeautiful hadronic neutral
current event, where the
interaction of the neutrino

4 )
coming from the left produces electron). v, > — v,
three secondary particles, all  (D.Cundy, CERN Courier) .
N > > N*
& J
N

v N = [v] h, h, hy [N¥]
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In > 1976 the CERN SPS was operational : new v
beam, higher energy, new detectors.

camera ' camera

BEBC (Big European Bubble Chamber) :
e cryostatic (H,, D,, Ne, mixtures) [cryo not shown];

e giant solenoid around (not shown); at the time
the largest superconducting coil in the world;

* millions of frames : extensive studies of
exclusive processes (see next slide)

Curiosity : in 1977, an emulsion stack in front, to
act as a target; aim : select and measure charm
production in v interactions, and subsequent
decays, by identifying the decay vertex;

e first direct identification of charmed mesons H
and baryons; first measurement of their |,
lifetime; I

e Spokesman : Marcello Conversi [believe me, it
was a lot of fun].




A beautiful charm event

. . WA 21
inside BEBC : EVENT 294/0995 ‘
—u-D* a0 =
e very clear; ERe= b
p°m*
* 4 photo / event (at \_fy
: AN
different angles — 3D o J
reconstruction); +p—-2“7.;:_
n
L- — Fe
* momenta / charges AEr=hp 7*0.23
measured by the mag. 014

deflections;

e e*via energy loss;

68681

e u* by external device
(EMI);

e then, combined
masses, kinematical
fits, ... fun.

p NEUTRINO
|l BEAM

MOMENTUM IN GeV/ic




Hydrogen

Coincidence counter(

An event in the Conversi experiment;

interpreted as D* — m*n*n K

t(D*) = 2 (or 4) X 1013 s [two kin. solutions].

' BEBC | window

container walls

mulsion g(E) BEE
WP chamber (D) con
T
Veto counter (V)——’
~
C

in BEBC

906 pm

v In emulsions




The lion share went to two electronic ¢ [V's from the left];

calorimeters : : e .
* huge mass, great u* identification via
e CDHS (J. Steinberger et al.), a sandwich the iron absorbers;
of magnetized iron disks and scintillator :
Ianesg' e almost all the measurement which we
P ’ will discuss in the next slides are from it.



Display of two events in
CDHS :

Oeposited energy
e v (V) from the left; oo = 93 GeV

Charged current

e upper event, interpreted |
as CC (early hadronic : :
shower + penetrating pu-); | ¥

4 I
Vi > > B
Wi
N P P N*
Deposited energy
* lower eventisa NC (no p); | Fswe= 416 GeV
4 N\
Vu > > Vu ‘ I
— '_'_% | |:
-
N I = N* — s _ _ _ ﬁ'gﬁ_u_ _______________
J A% :
* notice the Eyppen L )
measurement.



The v detectors: CDHS 2p

An "opposite sign dimuon" event in

CDHS: CERN DORTMUND HEIDELBERG SACLAY NEUTRINO EXPERIMENT WA1
: NEP P
RUN/EVENT 2441 25219 s
4 ) BITCLA 58 .
= BITS 00065 40007 . -
Vi H EHRD 67.9  24.9 “F
> > HADVERT s20 227 4356 |
EHAD 3.6 2.7 w
HADVERT 223 -133 8446 * [ T
/] Y

RCCEPTED

i

TRACK NR. X 1 =+ 2 VY
- g IVERT 4356.0 44B4.0
e today this explanation looks XVERT 7.2 500.3
almost trivial; YVERT N 2:?.3 205.2 rccf<"m"\v\1 X
. . PX -1.5 6 ’
* but many years ago the origin of R L
the  "dimuons" was  hardly besion | oal aalk v
understood, because of the lack of cHizme | 11
knowledge / confidence in the MUFLXI 0000034 0000034 X
quark model and Cabibbo theory; ‘
e they had an important role in 1 2 3 456 78 910111213141516171819

convincing the physics community.
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yaga
g ?,Ju,q

and this is CHARM (CERN-Hamburg-
Amsterdam-Roma-Moscow) :

e less massive, more granular;

e sandwich of 78 marble planes (1 X;) +
scintillators, drift and streamer tubes;

Paolo Bagnaia - PP - 07
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VM

I8
it ¢
P

in

|

[
Ry
B

almost 100 tonnes in total;

designed to measure Energy and
direction of the hadronic shower;

ideal for NC.

26




_<

g,
VETO SYSTEM 02

Data taking : 1987-1991 :
2.5 x 10 p on target —

~ 108 v and Vv interactions.
(E(v)) = 23.8 GeV,
(E(V)) = 19.3 GeV.

1. large mass: 692 t;

2. good angular resolution, because of
low-Z absorber (glass) :

5(0) /0 oc ZE
3. granularity for vertex definition (e/n°
separation) : fine-grained trackers,

larocci tubes with cells of 1 cm.

[tech. detail: in previous page CHARM-1
(marble, ca 1978), while in this page CHARM-2

(glass, ca 1987)]

SHEET
GLASS TARGET

INCLINED
STREAMER TUBES

A0

o

THE LAST 5 MODULES OF ONE RACK
CALORIMETER MODULES




Y ‘-|< «";:::'i"-:-.""-‘ .
_ @5;;55: N . R ﬂ{ I
»—E:l-—-—‘:':

-
-

L
z :fﬂ!a@iﬁg::-ﬂ»ﬂﬂrtil- i S, i

Calorimeter Muon
spectromete

Charged current : v, N — p~ N*

AOAnN
Y -
EEE— . iB
vV kb
Z
i
Uu

Neutral leptonic current : v e" > v, e

e > > e




[remember : summary : e.m., NC, CC]

o

photon (y)
(electromagnetism)

neutral IVB (Z) charged IVB (W+)
(neutral current) (charged current)

—e —_e
L= Pz =
" sinB,cosB, " * J25sind,,

f_of
Po= gV%gAysqu_

[combination gf,, V + gf, A]
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How many types of v/v processes exist ?

A lot, even in lowest order :

e (NC + CC) x (s-, t-channel);

* for each of them, many lepton replica (8*
= %, ),

e the semi-leptonic case : change only one
fermion pair to quarks, i.e. qg for NC and
q'g' for CC (q' is a CKM-rotated quark);

[NB some of these processes

5

e each q' line counts for three (e.g. ad'is a
mixture of dsb, with coefficients given by
the CKM matrix).

The key feature of the SM is that all these
hundreds of processes reduce to a handful
number of coupling constants and charges,
which allow to quantify all of them.
E.g.:vee" = v utis CC-s;
v,e* —>v,erandv,e - ve are NC-t;
v.et = v.etis NC-t @ CC-s.

are invisible OF impossib\e in — ’
ordinary matter] s H -
: Ve’e_'q ¢ Ve, d
S- , -
channel
- Vet ot 2+,q'
) .
\Z) > > Ve (\_){’, > > oF
t-
VA N
channel




An important kinematical constraint.

N
In a process (ab — cd), with b at rest :
The threshold energy computation (8 KO), (
applied to this case, puts limits on two CC E™" =

2
mc+md) —m? -m;
i .
processes :

2m,
* the creation of a u* requires high energy VM'S; Forvie —vu :

, , m,~m ~0; m,=m,; mg=m  —
e with present accelerators, no t's are created,

even if the beam contains a v_ contamination.

omi-m: m
BT =—2- ~——~11GeV.
2m 2m

@ @

Forve —v.1 :
4 ) %
Ve > > e Emin m.

~3 TeV (I11).

So, v.e- = v, is NOT possible with present
accelerators, even if there is a small number of
v./sinav, beam (from D, decays) .




A very simple (possibly the simplest) CC
process is the pure lepton scattering (v, e~
— 1~ v,); no hadron garbage, only CC, only
one Feynman diagraminl.o. (h=c=1):

* in Fermi theory (see), when the energy
E, > m,,, since \s is the only energy
scale, for dimensional considerations :

o oc Gfs ~ G? (2mE ) oc GZE,;
or, with a more refined computation:
do/dQ = GEs/(4n?) =Gim_E, / (2%?);

c =Gfs/n =2GimE, /m;

the space isotropy of the cross section is
explained by the conservation of the
total angular momentum (= 0 both in
initial and final state).

e the above equation reproduces well the
data (cocE,), but becomes "impossible"
at high energy, because ¢ would diverge
("violate unitarity").

* In the SM, the process is mediated by a
W* — use the W propagator :

do  g'a’m.cE,

— C12<<m2 N g40L2m
dQ 2r’(m2 +Q*)’

w

]

vV .
)

s &

21°m
‘o’ 2m E 2m E

_ 8 e—v _GZ e—v

Q?<<m? 4 oF

m T

w

=0

— “YFermi®

* instead, for Q%>>m,,?, the cross-section
has the (well-understood) 1/s behavior.




However, the purely lepton process is so
rare, that it is hard to compare it with data.

A more common process is v, N = u p,
"the quasi-elastic scattering", where
nucleons interacts coherently :

* in Fermi theory :
do/dQ = GZs / (4n?) = GEm\E, / (2n2);
c =Gis/n =2GimyE, /7
actually the results agree pretty well
with the prediction, as shown in the fig.
* |n the SM, the same considerations :

e Advantage of the nucleon process over
the purely lepton one : the factor my/m,,
[ # 2,000] — yield measurable with the
present experiments.

e .., but paid by the theoretical
approximation (the demand of
"coherence") and the less clean
experimental condition.

* Also valid for v, p — p* n, which has a
similar cross section [Problem : discuss
the spin structure for angular momentum
conservation].

— ghy2 2 41 = =1.
do/dQ = g*a® mE, / [22 m,*] = 512
= do/dQ | ermis 2 1.2

- 4~2 41 — g
c=2g*a’ myE, /[t my* = Orermi 50;
( N ( (’é 0-6
v H v P> > - =0
M M H Soa
Wi 0.2

o




e Individual hadronic or semileptonic
processes happen at parton level (at high
Q? "coherence" becomes meaningless).

e Partons (=quarks) are :
> elementary;
> spin %;
> (almost) massless.
e Consider the process :
v,d—puu
e Do some simple kinematics at parton

level, using the DIS variables.

e The variables y ("inelasticity") and 0* will
be used a lot:

cos 0* =1-2y
dcosO* = — 2 dy

4 ) )
¥ (E, E, 0 )

d (mg O, 0 )
u (E', E'cosO, E'sin0)
u (.., . )
(v, (E* E¥, 0 )
d (E* —E*, 0 )
u (E*,E*cosO*, E*sinO*)
u (..., ..., )

P 'pd‘LAB:Elmd:pu 'pd‘CM:E*Z (1+C059*);
P, 'pd‘LAB:Emd =P, 'pd‘CM :ZE*Z;

LAB sys -

CM sys <




"Quasi-Fermi" means "Fermi-style" total
cross-section x angular dependence from
V-A, i.e. CC current oc (1-yc) .

Using a "quasi-Fermi" approximation, it is
possible to compute angular cross sections
for the CC semileptonic processes.

é A e )
V—>pp — J50 /74l v, d—pu:
L&, A0 2a 2n
n V = do _Gis do _ GFS'
d—p- — A dQ 4n*’ dy n
o - J
rVuu —>u'd: |
— oo = do  G:S ><(1+c059*)2_
Vi > > u* =t A ~ 2 Z
_ =S o \e* | dQ 427'CA 2
" d . d_":%x(l_y)z
. .
| u— > L ) dy = /

In the (v, u) case, 6*=180° clearly violates
angular momentum conservation, while
0*=0° is allowed : hence the (1-y)? factor

[next slide].

[notice : 0* and § are the CM variables at parton
level, very useful for understanding, but y=(E-
E')/E is the experimental variable, which is really
measured; in fact, it is independent from the

"hadronic garbage"].



4 N 4 _ N
Vv - Y% +
a"ﬁ 4 ﬁ I3 ’ ’ o p ’ ’ o) _ _
e W W allff — ff
ﬁ - ﬁ d = = u u = = d
o J o J
(1,20 w | (4= )
constant, < % - /\’9* suppressed
*_ \Y > < d v > < u
NOT cos6 _ " => " => _ for 0%=180°
dependent A A
- J - J
4 N\ 4 A N\
Some simple kinematics :
E' 1—cosB* | | g 1
y=l-—=—"— —
E 2 helicity
cos0*=1-2y; suppression o G
(1+COS@*)2/4 P suppressed
(1+cos6*)/2=1-vy; - (1P / = Gjar/ 3
(1+c0s0%)'/4=(1-y)'; -
[dcos 6 * =2dy; cosO* >
dQ = dhdcos0* = 4nd > ? Ty
= cosV™ =4mdy. ' ' '
L - b L 1 1/2 0 )




o6 CC v processes: score
4 ) e — )
v, d—pu M - /=0 g
24 22 * v <, A% d
do G do G’s W YU AL =P
= ; = . u
dQ 4n* dy =« d—> — A
N J N J
rﬂu—)pﬂd: \
- ) _ + )
do  G% (1+cosO*\’ Y—> P ST 4
= 7 X ; + Y % g ‘\e
dQ  4n 2 we AR
do Gig 2 u > > d 7
—:—X(l—y) \_ J g J
dy =« )

— isoscalar target

J, | do/dcosB* |dc/dy| c
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process
3 S st : : N) > o(VN) !!!
V U—UT?, Y G—>pt? impossible 6(VN) > 6(VN)
v, d—puu, o“a»wa 0 flat flat ~1
v, i—pd,[vu—ptd || 1 | ~(1+cos6*)?/4 | ~(1-y)* | ~1/3
v, dou?, v dopt? impossible




Goal : describe the vN (VN) scattering.

All the building blocks have been studied;
put everything together :

 the elementary cross section do/dQ
(better, do/dy) for individual v-parton
scattering;

e the parton distribution in the nucleon
[f(x); x is the fraction of the nucleon
momentum, carried by a single parton];

* the "factorization" hypothesis of DIS [i.e.
the interaction regards only one single parton;
the other partons do NOT participate].

For both v and v, and each final state F:

R

2E,M

d25(vN —>F) do(vp, >F)

dxdy

’

S = sx = 2E,Mx = energy? at parton level;
the sum runs on all interacting partons p;
(a; G; both valence and sea).

5

Connect this picture with the studies of the
nucleon structure in eN DIS :

e the quark distributions (pdf) have already

been defined; [e.qg. u(x)dx is the number of u
quarks in the proton with fractional
momentum between x and x+dx (0 <x < 1)];

e the same for d(x), s(x), a(x), d(x), s(x) ...;
* a general formula for (d’c / dQdE') has

been developed, which includes two
structure functions F,(x,Q?) and F,(x,Q2);

* the transformation (€2, E') — (x,y) is pure
(trivial) kinematics [see 82];

* a third function W,(Q?, v) [> F5(x, Q?)]
has to be defined, because of terms, like
the interference between V and A, which
were absent in the ep case;

e if Bjorken scaling holds, the functions F,
F, F; are functions of x and not of Q2.

* the next slides contain the math.



! )

d's —4na2(s_M2){ ’F (x,Q° M?xy
dxdylep 2 xy“F (x,Q )+(1—y_ JF (x,Q%) | =
xdy Dfs Q _ M 2
s>>M? \475('125
7 Q4 |:Xy2F1(X’Q2)+(1_y)F2(X,Q2)i|;
dz(j B GiS - 2 .
axdyl, 2n | 0 )+(1—V)szp(x,Qz)+xY(1_EjF§p(x,Q2)};
DIS
d’c G:s . .
dxdy e :i{xyzﬁp(X'Qz”(1‘V)F2VP(X'Q2)—XV(l_Xijp(x,QZ)}.
DIS 2
\_
J

For the vn scattering, (Flvp,FZVp,F;p)—> (F1V”,F2V”,F3V"), and so on



3/7

e Define u(x), d(x), t(x), d(x) the x-distribution
of quarks u, d, U, d in the proton;

e then, some simple consistency relations
between p and n follows :

o [first 0 the algebra on the right, then Q
the case vp fully computed in the next slide,
finally 9 the results, equating the
coefficients with same power of y];

e notice that the |Callan-Gross equation] (see
next slide) comes out again, together with
other "rules".
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Structure functions : d2c/dxdy

-
d’o(vp)  Gisx

dxdy T
d’c(vp) G:sx
dxdy - T
d’c(vn) Gisx
dxdy B T
d’s(vn) Grsx
dxdy T

u'(x)=d(x); u"

d"(x)=u(x); d"

d’c(vn) _ Grsx

dxdy T
d’s(vn) Grsx
dxdy T
d’s(vp) Gis
dxdy 271

dx)+(1-y) u(x) |;

A0 +H(1-y) T |

-

:a” (x)+(1- y)2 u”(x): ;
(x) = d(x);

(x) =u(x);

u(x)+(1- y)2 a(x): ;

-

T+ (1-y) dp) |

xy’F®(x)+(1—y)F"(x) +
+xy(1-y/2)F"(x)

-~ _ \
d(x)+(1-y) T | e

}_

J

40




(dzcs(vp) G’sx 2 2 9\
_ e s VT |

* math for the vp case shown in 9; dxdy  n 2[d(x)+(1 y) U(X)}’

* neglect heavy quarks, i.e. s(x) = §(xm> d*o(vp) Gis {xyzFlV "(x)+(1—y)F,"(x) +:|

+xy(1-y/2)F"(x)

e vn, Vp, Vn left as an exercise; results for dxdy  2m
vn shown in 9 together with vp.

a) y°— |2x(d+u)=F,|

b) y' — 2x(-2)U=—4xU=-F, +xF, =
= —[2xd +2xu] + xF;;

r EP(x) =2xF"(x)=2x[d(x)+ U(x)]} xF, =2xd —2xu =2x(d—U);

XFyP(x) = 2x[d(x) — T(x)]; \ 2007
\{ E"(x) =2xF"(x)=2x[u(x)+d(x)];

B c) y>— 2xu=xF —xF,/2;
xF"(x) = 2x[u(x) — d(x)]. 9 xF, =2xu+x[2(d—u)]/2=x(d+U);

F,=d+uj;

\

2xF, =F, (Callan—Gross).
. J




it is the opposite: a dominant

For CC process (vlLL N) and (\7lLL N), expect
[target "isoscalar", i.e. composed by same
number of p / n (all heavy materials] :

e same number of u and d (valence), and
much smaller amount of G d (sea); s
and s are negligible;

e for v, a mixture of (vM d) and (Vu u),
because (Vu u) and (vM d) do NOT
interact in CC;

* for v, a mixture of (\_’u u) and (\'/u d);
. (vlLL d), (\7JLl d) have flat y distributions;
. (v a), (\7 u) proportional to (1-y)?;

> for v, expectation is large constant +
some minor parabolic contribution;

> for Vi

parabola + a small constant;

* plot do/dy for v and Vv after integrating

over x and E,;:

v

0.2

reat success 11!

CDHS, Zeit. Phys.
- C1(1979) 143.

0.2 0.4

0.6

0 0.8 vy

(d’o(vN) 1] d’o(vp) d’o(vn) | Gisx [ = GESXT I
dxdy 2| dxdy | dxdy }‘ {000+ 00T+ (1-y) [0+ de [ = =] o +(1-) " a0 |
dZG(VN)_l_dZG(Vp) d’c(vn) G SX o\ _G,ESX - N _
dxdy 2| dxdy  dxdy } T+ d J+ (1) [+ 0]} === G+ (=) o]

J



e For anisoscalar target, we get
|:2vN = (szp_l_l:zvn) / 2=
= x [ u(x) + d(x) + u(x) + d(x)];
|:2eN - (erp+F2en) / 2 =
= 5x/18 [ u(x) + d(x) + u(x) + d(x)];
therefore :
F,eN(x) = 5/18 F,"N(x).
[the value 5/18 is just the average of the
quark charges squared : [(}5)? + (%4)? 1/2.]

[in other words, in e.m. processes the
interactions are proportional to €2, while
in CC scattering they are normalized to 1,
there is no relative normalization
between e.m. e CC in the rule].

N
_)
eN

AR N

* For F;, we get

|:3vN — (F3vp+|:3vn) / 2 =
= [u(x) +d(x) - u(x) - d(x)];

the structure functions have
contributions from valence and sea :
> u(x) = u,(x) + uyx) = u,(x) + Sea(x);

> u(x) = uyx) = Sea(x);
> Iol u,(x) dx = 2; Iol d,(x)dx=1,

then

Fa"N = [u(x) + d(x) - u(x) - d(x)] =
= u,(x) + d,(x);

Jo RN dx = I [uy(x) + dy(x)] dx = 3;

known as the Gross — Llewellyn-Smith
sum rule.

e Experimentally, the G.-L.S. rule is well

verified =3.0 £ 0.2.



* In the same Q? range, F; from CDHS ¢ taking into account the § fraction, we
data shows a nice agreement with 18/5 expect

x e.m. (L~ from EMC, e~ from MIT). N /oM [f, + Bf ]/ 5, + ]~ 2;
e The figure shows also the contribution
of F} and the antiquarks alone.
e Since [ (1-y)? dy = 1/3, if there were no o
g in the nucleon, we would expect : .51

o"N /"N~ 3.

in reasonable agreement with the
measurement [see page 1 !!1].

0< Q2 <20 Gevc? .

. . . 2} CDHs
* If instead the cross-sections are written 08 Fo e
in terms of quarks and antiquarks : >
5 1.0 a 2£2" (stac-MIT) ]
N =GEs/(2m) [fy+ % f); ’

o™ =GEs/(2m) [ fy+ fl;

then, the value of f, and f, can be
measured :

fq~0.41; f;~0.08 — f,~0.50;
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The discovery of neutral currents

The search for NC events began in the
early 1960s, when the e.w. theory of
Glashow — Weinberg — Salam was still
thought not to be "renormalizable".

The searches were limited to FCNC:
possible NC "non-FC" processes were
thought to be obscured by e.m. currents
[in analogy with weak CC, which is visible
only when flavor is violated].

Decays like K* — m*e*e™ and K® — putp-
were searched and NOT found.

The only escape from this difficulty is to

make use of neutral particles, which do
NOT sense e.m. interactions : the Vv’s.

The signature for this process is given by
the absence in the final state of a
charged lepton, which is unavoidable in
the CC coupling v8*W+.

Motivated by the recent discovery of the

Paolo Bagnaia - PP - 07

renormalizability of the SM (‘t Hooft and
Veltman, 1971), the experimentalists
from both sides of the Atlantic began a
new "hunt" for neutral currents.

Historical Note: In 1960, experiments at CERN, by
using a heavy liquid chamber and a v beam,
looked for NC. Unfortunately, they found that the
ratio NC/CC is < 3%, a value much smaller than
the correct one. This error was eventually
corrected, but the new limit (12%) was published
only in 1970.




The discovery of neutral currents

The events [see before] were of the type
(@ v+ N> v, +X
(b) V,+N—> v +X;
(c) vytee>e +v,;
(d) v,+eT>e +v,;
["X" = hadronic system, without leptons].

In 1973, the newly built Gargamelle was
filled with 15 tons of Freon (C F; Br).

The first event interpreted as a pure
leptonic NC.

They had the following criteria :

» fiducial volume 3 m3;

> events were defined as NC if :
i. no visible u*is present;

i.no charged track escapes the

confidence volume;
> Instead, events were CC if :
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i. a clearly visible u* is present;
i. the u* has to exit out of the chamber.

e Results:

» Vv beam : 102 NC, 428 CC, 15 n*);
>V beam : 64 NC, 148 CC, 12 nt*).
e The result is then:
> NC/CC (v) =0.21 £0.03;
> NC/CC (v) = 0.45 £ 0:09;
> inconsistent with the absence of NC.

(*) The main background was due to neutrons
produced by v's in the chamber structure.

There was also an American team, looking for NC.
After an exciting race, they were unable to publish
conclusive results before the Europeans.

Actually, the discovery of NC marks a clear turning
point in high energy physics : after that, Europe was
not anymore the expected looser in the game.
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NC v processes: couplings

formula definition (physical meaning)
The NC g SU(2) coupling constant
couplings do g’ U(1) coupling constant
depend on :
the fermion tan0, |=g'/¢g tangent (Weinberg angle)
type f: e =gsin 0, e* charge (= - e charge)
g = I{NZ— 2 Qf sin? 0, NC vector coupling (also v, c,)
g =, NC axial coupling (a, c,)
gl =% (g +d) = I{NZ— Qisin20,, |"left-handed" NC coupling
gl =% (gl-g\) =—Qf sin? 6, "right-handed" NC coupling
mg, = rto/ (V2 G; sin? 6,) [W* mass]? [careful : mi, !!1]
m, |=m,,/cos 0, Z mass
VoV, V| O +%2+0 =+0.500 +%2 +% 0
e wt|-1|-%+2sin20, 5-0038] % i +sin20, | +sin20,, | (..
uct | % [+/4—*%/;5sin?6,,=+0.192 + +%5 =% sin? 0, |—% sin? 6, g8 ~0
dsb |-% |-/4+%sin?0, =-0.346 Vs Y5+ % sin2 0,, |+ % sin?0,,

Paolo Bagnaia - PP - 07




N\

Some algebra, not really difficult, but | f: point-like fermions (-, v, q);
guite tedious, produces for NC the

T : point-like anti-fermions (2*, v, §);
analogous formulas already derived for

N : "isoscalar" nucleon (p+n)/2;

CC:
- N': final state hadronic system.
(" do(v,fov,f) GE[( o~ A
n wll _ Ok 1— P
dy T —{gL} +( V) {gR} - e.g. Rev. Mod.Phys. 70,
do(v f >V, f) GHS[( 42 o en 1341 (1998)
2 TR ns_{gﬁ} +1-y) e} |
dZG(VMN—)VMN')_G§SX< [({gffﬂgff)ig{gg}z+{g§}2)}q(x)+>'
dxdy 7 ({ee) el ) ferf (e [avo
de(VHN%VHN')_G§5x< [({gﬁ}z+{g§}2);—y§)z({gf}z+{gf}2)}q(X)+>
sy o (g e [y e ) ) Jao

-




To measure sin20,, : * The values of R, and R, are well defined
and, at least in principle, easy to
measure :

e produce some algebra [next slide, not for
the exam]:
> unknown or difficult-to-measure

1. start with the CC and NC cross
parameters cancel out;

sections for isoscalar targets;
> exp. systematics, beam effects,

2. neglect the sea contributions U(x), detector ... (see next slides)

d(x);
. integr ver X an 1-v)2dy = %): . CDHS 77 Ey >12GeV [Dieter Haidt, CERN
3 tegrate overxandy (I( y)ydy =%); Ry | o conses 3 1066V school '84, CERN
o ) | O CHARMBT Ey > 2GeV
4. divide the cross sections, to cancel 451" o BEBL B3 Ey >9GeV 1| vellow report 85-11]
the dependence of all the other |
parameters; Lou old d:i\ta, but useful to
e /c;\o 71| explain the method :
5. use g, and g for each f(ermion) : - © R =R (sin’0.)
N0 25 — ooy
G(VN) 1 ., 20 ., R, =R, (sin’0,)
,=E———~—-—sin"0, +—sin"0_; ni » |
c5cc(VN) 2 27 a point for each value
Vi in20,, — a curve in
o,..(VN) 1 . 20 . of sin20,,
RVEL_)z——S|n29W+_S|n4eW. the planeR,/R; >
G (VN) 2 9 30 ' ' measure sinZ0_.
25 30 33 R,




1. Start with the CCand NC cross sections for isoscalar targets;

2. Neglect the sea contributions U(x), d(x);

3. Integrate overy U:(l—y)zdy=1/3}

5 1 5
4. Use g/ and g/ from the previous tables [ggz +go? :gsinejv, g +g% =E—sin93V +—sin63v};

5. Divide NC/CC.
p

- = N
dZG(VuN —>uN') Gisx 3 d’c(v. N—> uwN')  Gisx
= X)+(1-vy) q(x) |; b = _F X);
I | ab)+ (1-y) ot | . ey )
' d’c(VN—p'N')  Glsx ) | (VN L'N')  Glsx 2
= alx)+(1—- X) |, = =—" 1= X))
v a0 +(1-y) ot g (1-y) o
- , d’c(v. N—>v N') Gsx _(grz +gf2)+ _
d's(v,N—>vN') rprev.slide]; e o |9
.| oy e v H(1-y) (& ey |
) 2 __[— — 1 ) B u ]
Tov N2 v _ [prev.slide]; d'o(v,N—>V,N') _Gisx (ng +g§2)+ q(x)
L dxdy dxdy 21 +(1_y)2 (gt’z +gf2)




NC v processes: sin20,,

Most recent results : Notes :
* sin?0, =0.2356+.0050 CHARM e (a) and (b) are “today’s best” [PDG], for
. = 0.2250+ 0050 CDHS Vv’s on isoscalar target:
. -0.2332+.0015 (a) . :c'hey_ .d-lffer" beca.use of two different
definitions" of higher order parameters
. =0.2251 £.0039 (b). (see the radiative corrections in 8§ LEP).
The quantities REALLY measured are R, (R;) : are '"easy" to detect, and relatively
bckg ||).
e [ptet _pocke D(V)E background free (n°é small);
_ Onc(VN) _ NC[ ne e } J.toi ) ——==* NC, however, are hardly distinguishable
Gec(VN) _[(D(V)dE €cc [ncc —Nec } from cosmics and CC-low-energy;
tot __bekg e at low y, u* id. is difficult — the selection
Ene [nNC —Nyc ] i .
= , algorithm gets confused : CC — NC.
tot bckg
€cc |:ncc —Nec } Therefore :

The flux cancels out; this is not a good news, > accurate computation of the flux as a

because g, and ¢.. DO depend on E,, and function of E,;

are very different for CC and NC, so better > accurate understanding of the
know the E, dependence on o. systematics;

In fact : > reproduction via montecarlo, to study
e CC, due to the presence of a charged p, algorithms and systematics.
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e The cleanest NC process are

~ ~ Lab SYs. (I = Vinitial’ f= Vfinal’ pi ~ Ei' pf ~ Ef' pe ~ Ee) :
(vpee—>v,e)and (v, e"—> v e) E) E+m, =E, +E;
e |n fact, no hypothesis on |soscalarlty ' | X) E = E, cos 0, + E; cos 0;;
no dependence on structure functions, . :
y) O =E, sin O, + E; sin O..
on sea-content of the nucleon, ...

« Only one problem : cross section (oc s | Subtract (x) from (E) and x 2 :

=2m,E,) VERY small : 2m, = 2E, (1 - cos 0) + 2E; (1 - cos Oy);
s(v,e”) =2 m.E, ~ s(v,N) / 2,000. 0<2E,(1-cosB,)~E 0;<2m,;
e However, the process has been i.e.
extensively studied. 1. the value of E, is (almost always) many GeV

e The problem : select the tiny number (think to the y distribution);
of  signal events  from the )

_ _ . The angle 6, must be very small : 02 <2 m_/E_;
overwhelming NC (hadronic) events.

_ _ 3. the v variables (E, E; 0;) are not measured;
e The key is the very particular

kinematics (see box). 4. it is therefore compulsory to measure the e.m.

shower (= E,) very well;

Vi § —Vu | e v O 5. ... and (even more important) its direction 6,;
Z —®
o — - 6. and SELECT on (E_ 62).




Pure leptonic v processes : data selection

e The extraction of the signal requires the ¢ Since n° — 2y — 4e*, a scintillator, if

rejection of the background. crossed at a very early stage of the shower
e The main one is due to NC hadronic development, sees 4 minimum ionizing

interactions, without pt in the final state, particles, instead of only one.

with one or more ©%s; the photons due to ¢ In this way, by using only the part of the

7 decays mimic the electron shower. detector immediately upstream of the
* To reject those events, the deposit of scintillator, a much better isolation of the

energy in the early scintillators is used. signal is obtained, at the price of a

reduced statistics.

Three “populations” : i L S AR 1 PO R L R N
} Neutrino beam ) = i 3 b
1400 Antineutrine beam
) 1 1500 1— .
e the signal; — q l 3
* hadronic NC;

1000 ¥
800 "\
L

600

e CCdue to v, beam background;

The selection is statistical, NOT on _
an event-by-event basis. 400 |-

events/0.01 GeV

200 =

[NOT because of quantum

mechanics, but selection method] 0 L s fs 0 T 009 e
E0? (GeV) E®* (GeV)

CHARM, Phys. Lett. B 335, 246 (1994)
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* The pure leptonic process is the cleanest ¢ The ratio being really measured is

and most systematic-free NC process. ( _ _ )
RV _ G(v“e —>V,e )_
e It has been used to measure 0,,,. Ne o(v,e  >Vv.e) a
* The price is a reduction ~2,000 in statistics £, [ntvot _n'zckg] I@(V)dE
and a difficult selection procedure. = :
. ’ . JOMME  ecc[n —ni*
doy(v,e’) Grs[ [ o\ 2/ 2. ) ’
dy T _(gt) +(1—y) (gR) |’ e A key point is the ratio of the fluxes,
L , ) which is computed in many ways (as
doy(v,e ): Ges (g§)2+(1—y)2(gf)2 ; simulations of the primary interactions +
dy T L . measurements in the decay tunnel, cross-
G2 16 checks with other known processes).
cs,\,c(vlue‘)=—'E'c[1—4sin2(9w+—sin4€)W ;
4 3 _ * Final result in the fluxes ratio : £ 2% (syst),
_ . Gis , , . in2 @, =+ 0.005.
OV, e )= F [1—4sm2(§)w+165|n46W ; — Asin® 6, 0.005
127 - C N — h
- 16 . 1l i
- 1-4sin"0,+—sin" 0, i
vie _ GNC(Vpe ) _ 3 3
“ owlv,e) |1-4sin’0, +16sin‘0,, | > —c




Pure leptonic v processes : results

Results (from v e) :

e sin20, =0.2324 +.0058 +.0059 CHARM
: = 0.2311 + .0077 (a)

) =0.2230£.0077 (b). CHARM, Phys. Lett, Toaetd s

B 320, 203 (1994).

(a) and (b) are from current PDG, for v’s on isoscalar target:

do/dy[a.u.]

do/dy[a.u.]

1.5 F

1F

vue

0.5

> different because of definition of higher order parameters
("scheme", see the radiative corrections in § LEP).

dGNC(V“e_) _ GiS _

> the y-distributions contain information on g, and g; (i.e. a
new determination of the couplings) + a cross-check.

( )

1.5

Ry =0 (v,e) / o (Ve )|

1.3

in2
sin%0,,

dy T -
dGNc (V“e_) GiS [ o2 2 e |
= T+ (1- N
Ty & t(1-v) el
N~ )
Vi
Vi

v
v

~ .

j terror B RvssinZ 6,

R — sinZ0,,
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in the SM. sketch of the method

[see previous page]

sketch of the method
do (v,v)/dy — g,, gz
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SE | NEUTRINI PIMOSTRASSERO CHE
§| PUO SUPERARE LA VELOCITA
PELLA LUCE, POTREBBE VERI=
FICARS! 1L CLAMOROSO PARA-
POSSO DI UN EFFETTO
CHE PRECEPE LA
PROPRIA CAUSA/

CRIBBIO! CHE BELLA IDEA]
Ml FACCIO NELTRINIZZARE
COSI OTTENGO SUBITO
l! EFFETTO DI RIMANE-
RE SEMPRE AL BOVERNO
PRIMA DI DOVER SUBIRE
QUELLA NOIOSA CALSA

DEMOCRATICA DELLE
ELEZ2ION!!

=2

Gustave Doré (1832-1883) - Pantagruel with his father Gargantua
and mother Gargamelle - watercolor

...NON SO PERCHE
mA LA NOTIZIA I
INQUIETA ASSAI DAL
PUNTO D1 VISTA
POLITICO!

Found on the web — Courtesy of an unknown author.
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