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ABSTRACT

The purpose of these lectures is to review the main physics results obtained so far at
the proton-antiproton collider. These include the study of high-pr jets and the phy-
sics of the W* and Z° bosons.
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HIGHLIGHTS ON
PP COLLIDER RESULTS

H ard collisions

Pp—)hvgh Pr secondaries -

“1= HADROpMNIC JETS

2 - Production and decay
of W*, 2°

Dota most/y ]lrom the /)/Sf‘br,‘c_ runs
- of /82— 83 — with a small
amount of pre/im:'r\a,r7 results  [rom
the /1984 run.

THESE ARS L=OTUIES ﬁébéﬁ.
PHYSICI1STS NOT ACTIVELY

INYOLYED 1N COLLIDER

EXPERIMENTS



General feafurgs of PP colly srons

at.o\/?s' SHE GevV
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Need two varrables tTo deserrbe

incle sive ,aartic.le] Productian_
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SOFT COLLISIONS = small p;

lorqe r
HARD COLLISIONS =, Sr3* Px o

Hard Co”\51ons Qe a Sma_“ ffo.c'hon(<l0 )
of all Pp collisions — bt ﬁ-@.el o~
sensitive to the proton (antiprotan) _
internal structure

HISTORICAL EXAMPLE |
X — Nuclews Sc.a,fé‘eu'nj (/908—) /9//f3

Thomson's atem : R~/0" Cm. uniforne
cha,rge distribution — -&xpec,t,cd fraction

of o Scattered at 6>9° < 1/101%

pla

: : 13 4,
effect of atomic nuweblluo with R~/0 AZ

/ expreted ffa,otion of o Sscaltered
at 6 » 90° =~ 4/8000

- 4 i a&ﬂ*@@:ﬁﬂ.ent i ¢ A,

0 QO° ‘800 . . v AL
0 evporimental refn!le .

Geiger, Marsden /908

Rulth erfmr‘d /9 1/
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HIGH ENERGY P , P IN HARD

CoLLISIONS APPEAR AS BE/NG
COMPOSED OF INDEPENDENT,
POINT-LIRE COANSTITUENTS
(CARTOAS)

Each pari‘or\ carries a fract‘/'on >
~ of the P (ﬁ) momen tum
PARTONS = quarks (@)
antiquarks (g )
Yuorne (gq)
Carry a héw QMn‘ﬁam num ber

COLOUR 4 (§) 2xist in 3 colowr stutes

%Qu.ons e¥vst in 8 colowr states
~ Structure functions x dn/edx
(depend on portor type)

QCD non-Abelian gauge theory .

fhe best car d,’date to desce c".)Q.
the strorg interaction oamonrg
partons
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HARD BP CorLIgion s AT €aLenrr)

EMNERGIES ARE QCILLISIDA S
BETWEEANI TWO WIDE =BAMD
PRARTDOAN BEAMS

The relevant parameter /s not Afs

but the total enerjy in The

parton- parten centre- af" mass o -
x,Vs/2 x,75/2
> &
& SERA MRV Sy s
i val i - negleeting maries and
A\j ": - ‘\},ﬁ Y{ﬁ;\n ( i;??a‘h'a_l j,o-r )

Parton-parton scattering —> jets

o
q9 anvihilation =» 0L conbinuum,

N‘_-.". ) Z‘.o



e e

HIGH-PT _TETS: o 2-step proces]

Step 1

P
E

parton -parton | 2
collision at Aigh CPz/(‘/-mamentum fram/er)l

- Mam.j ‘h“O&o Of Part‘on colliSions .

C'i—’ clfii_ \ all Occu,rm'nﬂ to

197799 l@mdim? ored@e 1n ’&:’f?:
-

jl;—v;l; $ Qz Iarge —> collisions

Q‘}”‘—i? at short = distance

T3~ 9

9993

Perturbative calcwlations are
v .
possible ”beca,use of ‘asymptotic

freedom.”
| 12 m

O(;s (R;‘ ) T s

(33-2 ng) 2 (3227
. « " L SCQr/'e'
parameter

A BTN B

QLD co@plfng
constant number of quark
flavours with m2<Q*

lim ol,s(,Qz) = 0O if ng < /b
Q‘Z-_.?w :



In general X, %+ x5 ¥

—> final stale high-p, portons
are not collinear

Initiel P50 —> frnal state 5",9}!-'/57-
partons are coplonar with beams

Step Q Parton fragmentation
(Aadronisation)

High-p+ partorn—> collimated -
system of high-ps hacrons

(jet)- Zi;z P(par‘tan)

Final state interaction betuween the
Mf)’"'PT partons and the other .Par'tons:

.OY\.g d;SfaVlce — Q'L SW\.C{,” - ‘:{3 !mlgf“f}fi’

Need nron- pertu,rba,f::ve fec.énigg@‘¢
(stil' missing at present)

ng-d(s{‘ance, parton interaction is

presumably  responsible for parton confinement
onl3 CO'Owr’e_S} hadrons aaniex,’st as |
{—ru partic(es

High..Pr jet pro ductiavn. fram.
hodreric collySrons tias
predicted by Bermean, Borken,

Koqet (1971)7as o consequence
ol Fhr pactan el



972 — /ISR (ﬁ=23—§63 Gev) 7
Observation of /".?,"Pr m® (cer)

INVARIANT CROSS SECTIONS -
FOR PoP = n®« ANYTHING

vs
TRANSVERSE MOMENTUM
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3 06
. Y “ue
- 527
'E ° ‘2.6. . /
-E ;.
. t I
P f t S
tot oy
120000 . .
e . ) i t [
AAAAAAAAAAAAAAA ; A e A e ; A A P ; Drodanmnd A ; A 2 A A . l
{
pr(n®) GeV/c

Parton model prediction (9 = q90°) |

E d’/dp> = 10;4 F'(Z,DT/\/-S_)
Experimentally p~=%F(2p,//5)

Jet structwre distorted l{y the

single porticle frigger — but
“opposite side  jet was undistorted
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1973 - Bjoiken suggests the wuse
of calorimeters To tn‘”er on
the whole jet

Fermilab |, Ns=27Gev
e Jets

o (M*en”)/2

E do/dp? nb GevZ 2

10 JlllIllllllll'LllllIlLl]lJllllLl!Lr

o) 2 4 6
, | PTG.V/:
| 1973~ 30 : events with high-p+ hadrons
(‘,ompo.h'bfe “w'th ‘f'wo—]et Structure
— but calzrimeters have limito-l
solid @mg!@ (~ 1 sr)

An extreme Pouibi/iﬁ, :all jet Sfructures
observed are due to +Hw ’f‘n‘gger bias — tue

PQQLM'!“Qment O:f' h\‘ﬂi’\-PT- parh’c(es ‘n Iimited
<ol am@(e.




1980-81: Experiment NAS (Js=246eV)

Calorimeter with fu,.'! arimuthal
o coverage )

' o
AP = 360
. i * v
40> < 0 < )140°
Zpo/a.r angle n centbre -0f -masr Jyslém
~ Selection of events with (a.rge

total transverte eneérgy -:

ZET:' ZEL Sin 6,

Sum over all Pa,r('idu
emtte,m'y\.c} the calorimete,~

Reswlt : events with larme 1 E.
-~ (!@—2’?-:@ @@b{) consist im ggem@r:ﬁ.:ﬁ

ofjl ma,rgy /@w-p? pm-é';a.!@

wieth g, 4.{@ rrA C/;,D - ey Sty 0’ o

—~» no evidence for et

production
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November- December (98] :

First physics ram at the gp Collider
Js=s40 Gev , [Ldt~ 80 pb’

December 1981 Norkskop on Collider P/u,.r/c.r;
Madison, USA ‘

Araong the Conclutions of the borkshop:

—

Clean parton-model jets, it would
appear, will be much more elusive in
hadron-hadron scattering than in
e* e~ collisions.

(Physics Today, Feb /772

Tu.y mz; Pacis Co£{erence

L} M g,
Clear svidemee for hsgh-p?. Jae

..'

prodnetion in the URS Surndrivag”
P 7
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Search for Er clusters n | »/q
events wi th Ia.rge ZET

360°
315°
N [ CLuSt'Er :
270° n(z1) adjacent cells.

each With E> 6.4 Gey

4; 225°

/80° |-

I135°

q0°

4s°

00

4o° q0° 140°
e

Clwster transverse en erqy
E, = Z.Ei, $inBi  (sum over all clute, cells)

Cleester ordecin q:

() ) (n)
ET 7 ET > LI PN >ET
fFor Two ~jet event ex peol
—(4)~ ) 1)
Er X Ey{a > ETU (7 >a)

9”‘:‘ . . 6 RN 'h? ( / .
s [(trnplonarife Luith borm rvis ]



<h,?

<h -

Events/S®

i ¥ 1 I _+__;_‘
a) _._-+;++'+‘+ |

T n =) Bite

for |
jets on ly
' h‘l =1

two

0.5 4 . .
- DU S o e o ++ For pe r-F ect
- - M = E}/LE; 1 bal e
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I.é'
T«.’pica.l ET distebution in
events with S E;>100 GeV

S oy
Py
10 GEV i %‘J 10 GEV
. =g
a) il b) I
Yso = = 0
300 = 90
T e
S| o R
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«Event pr'ojection in p/ane L 7o beams T

high density of
charqed perticles

Qneraxl depo_h'{'ion
n {q‘r!t 17 rad. (engﬂxs (Eem)

. enery iﬁ.é:p@ sikbien
in hodronie calsrimerse (Sthad)

For fug,s Py n° (-& yy) Qxlgect Ehad./Eem(“ /

for high p, charged hadren : EradlEepy> !
LTI

For typical jet (~S0% m® ~50Y, tharsed hadrors). » Ly d



N"u.’ NAS did not pee Jets 8
Si‘u.du, ZET vs Vs (AKesson Eenjts.wn /982]

Two ctontrbutions:

— e e - Pmton- Pa,,-ton Sc_a.l‘t‘er.'nj —> Q.\j-e.t.t

soft collisions : tail of mulhplicity

distnbution
1 _oN 1 _dN
N d(TE,) N d(XE,)
] SPS fixed target 1\ ISR
; pp Y5 =25 GeV ] .\ pp V5 =60 GeV
1074 Maxlyl= 1 @ 1074 \ \\ Maxlyl= 1 @
3 3 A \
7 : p v\
.\ h \
i\ 4
1074 \\ a 10" b
iV ]
]\ ‘ 1.
| A ] 1 Bp V5 =540Gev
\ ,
1074 \ 1072 \ | 108 Max lyl=1 @
1\ 5 ONy
T v ¢ 7 “ ¥y 8 ' ¥ I L S LAERLS I v &I § ¥ l L4 T 1 7 ] LS L L ' ‘ LA L { L] l A LA l v 4 T L]
10 15 20 25 10 15 20 25 15 20 25
TE, (Gevj " Ye,  (Gev) e, (Gev)

——

Ccm\%’fiémﬁmm fv*@m hard ,:Oa,f-’hn-v@ﬁw
collisions increasing  rapidly with vi

beeornes dosarnemt al Callielesr

41 ]

am A ms
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Parton sub-processes T
/5¢ order QCD df'ajmms

gluon

quark

w*

B ¥ ctontains 3~ or Y- 9'44°n verteyx
(non-Abelian structire 0{ @Cb)

do | mlas@]” M|~
d(cosB*) XS

('l"o'%a, '@"‘Q'@‘O in tha ‘*w@ pﬁ::‘*c,m
Cé’mi‘m-@l.owmm fre m@)

]

>, 2L

Ly
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( neg

t

S (/- cos 6*)/2.

We - 8§ (/1+cos8%)/2

lcct;'ng

?u,ark masre—s)

2.0

Mandelstam
variables

Combridse, Kn’pfaa.nz\, ‘Ran{'t (1977)

Subprocess Illl2 :{ (cose*) IM!z at o = 90°
: , & - *
1 * 43 + 2
) - a 3 3 2.22
qq° <+ qq' t
a2 2 a2 2 2
4 |s" +u 8 + ¢t 8 3
qq * Q4 ’ [ 2 + 2 ] " 37 ut J.26
LU ¢ u
2 2
el [ +
eaqy | §EY 0.22
)
2 2 2 2 2
- - + +
9T + 43 %['z“,t“z“]-%‘_} 2.59
t s st .
2 2 2 2
- 32y + ¢t 8u + ¢
qq * g9 37 et -3 2 1.04
2 2 2 2
- 1 + 4+t
99 + 93 “utt -%“4 0.15
)
P Y
w9 < s __l_uzdviz’uz*i' 6. 11
q9 + q9 Y w t? »
99 * g9 ;[3-!&-9-;—--'-:'-] 30.38
? Jd
|

q and q' denote quarks with different flavors.
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INCLUSIVE JET PRODUCTION

Inclesive jet Cross- Section as a Swmr

of convolution integrals

d’e _ 2 dx.dx, P (x. @*)F N
dp_rd(Cose) - -S—M%Iaéj Xy 0x; FalX,, )b(xl;o) x

s @] S(3eken) Y, Mlabory
f s

Z:b%: sum over all possible subprocesses
Q

J

- a+b— f
(JLE'"- Two -parton ﬁ'na,/ state )

Fa (x, Qz) = ¢ dnfdx structure function
{'ér’ partan t\ﬂ')e A — mélasuyred /n
deep inelastic /lepton — nucleon scattering
at Q= f00 Gev® — extrapolared To
sz /03’—/04 Gevl LLan9 @CD evole tionm
( Altarellr — Parss, -@flx,a,t/on)

Lm—

Theoret:‘ca.l uncertarnt’es

JQ" exbropolation of strccture ﬁmcﬁon.r(gdton]

%Hiah(ﬁr order OCD dia.grqm.s

ir@véi Definition of @F -

VKL: Final ..r/'afé interacti on nejlacfe&( (u.re
a@cb MonteCarls to obtain relationship
\. letween parton P and jet ET)
Experimental uncertao‘nfies‘

oy 5: En ergy calibration of Calorinieter (f'-jpfﬁaﬂy ilf%
&;.p(}’,ﬁ,é Ac.c.ep'f“&nf-e ( jet anqular dimensions )
Liavainos: by
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. op Vsx 3 Gev ISR (AFS)
UA13pp V5= 540 GeV
uaL®

LS T T MAAAS |
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A

103
o
: \{” > band of QCD predictions
5 } (main d.:“crenu v Structure function
S wBt ‘ol | |
3 L i
~ C \\P
L - Vi
= I \ *
g- wul *i*f RCD prediction _
“-: E !)\j Ho.—am,Ta.c;olo UQ8|,

L
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T v v rrrvrg L
-~
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103

10-%

L l"ll

A

| L

ot b s 1 N N i N
0 20 40 60 80 100 120 %0 160 180

pr GeV/c

@cd ‘predictions ere ehssluts —
Thare s no adjustable parametor
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6=90 ;
| Horgan, Jacob 198/

/=540 Gev

do/d pTdy {cm?/GeV)
o
]

5:62Gev

| S |

0 20 40 60 pT(Ge //¢)

In parton-parton <nlre-of- mass :

6%¥=90° p = A/S/a_ Sxxi/z -

For 2,2~ x5, 2= 2p, /s

ISR (V5= e3) Pp Gollider (Vs=630)
PT::?.O—) X = 0-b 0.-06b
TCmipants @;‘ valence qQuacks gluons

ISz S46bGeV (Antoniow et of.)
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CoMpan‘Son of jet jl-&aa(s
As=546 CeV vs. (30 (Gev

, (UAQ , 1985 Wovikesh op on pp P/u/,r.'c_r) SE. Urn Cénf)
‘o, ¥ A LA v ‘ v A J I‘ L I Ld ¥ v L B
0| UAZ Pp — jet+X

1 } e ¥s= 630 Gev  (1984) ]
f{ o Vs= 546 Gev  (1983) ]
~ 10 } A _
v [ ?’ j
, ]
o f ]
< i on
10° ? f .0 -
— o [ fé .0
£ i ”90‘0
5 | 9¢ *
& ' e 1
~ }- +'f'+ =
- i +
e o
102 f—#—-"" .
: g e
" =
0L ' -?— =
10-‘ A A i '] l A A A L l 'l A A 4
0 50 100 150

pr  (GeV)

~ Most theoretical and %mm(, e certacntres
drop owl in the rmktio

L] T v T T L | L v l ¥ T ) L4

’- -4
3 ]
[ UA2 ]
g .
- ——— QcD -
= e
[ |
s } -
- z - -
e .
E - -
N ]
F &0/ dprdnl . (Vs= 630 GeV) -
1 Fiot3 =1
2 M @oltpinigs  Wss Sk GeV) 5,
f 'l y A 1. l ' | A L l i AL 1 1 l T
0 50 100 150

pr (GeV)
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F_or sz-mdependent Sfructure funct“»,

(,mawe parton model) expect (0=

Edo/dp® = p™* {(=x,)

invariant
cross- Section . dtmensuonlé-ﬂ —)Cunotlcn

of xr=2p,./VS

(CaM decive this relation Lv.-u'r\.j dimensional
Con §s deraktions Only)

107

. l T T T T
. + Scaled jet cross sections
- -
#Ax} % UA2 Bp — jeteX \
1078 ‘ eVs= 630 GeV -
— i i?., , oV¥s= SL6 GeV i
i ’?fé‘é i’ AFS  pp —e jeteX
~ f Tqd $ ofsz 63 GeV
s " O sVs= 45 Gev 1
10‘29 T # ++ — i
~ [ %6 . 4 |
© 8 49§? ¢ v‘
3 | * ¢ 1 |
w {“{’ * !
- - ?+ ¢
1030 ' 7 ¢ éf f } _
10-3 1 1 \ } t 1}

0 01 0.2 03 0.4 05 0.6
’ 1= 2 pr/Vs

ISR - 3p DM, der Compaid Son

-9 evndemte fOr .Sca"n\j Wo’a,f‘la’a

'}‘(XT)@)
Q' Qpr = 'g" xrl

* 2
. 630) _
For a given 2 cd/:dzr/cpﬂ‘( (‘g‘“) =10



APPROXIMATE SCALINE, VS = 27—>SHOCeV
102

| l I | 7 I

vfs:

® 27.L GeV
O 540.0 GeV
0 45.0 GeV
€ 63.0 GeV

T 1T TTrrny
1 1 11132

10"

] 1 llllll]
11t

-t
(=]
[~

1 llllllll

T T ITI'VII

10~

PTE do/dp’ [mb/(GeV/cY

1 T IVIITTI
S
0= ®—=0-
O
—O0—

L1 vl

10-2

-—-—.—
i N
1 llllllll

L l]llflll

10-3 | I \ I L |
0 0.1 0.2 0.3 0.4 0S5 06 0.7

Xy

Good fE MH« fOrm E%;:AID;”({—XT)

A = [/, 61-0-3))(/0’2‘ c/n.a/ Gev ™
= 512 63 = [0 6"'05

m

A convenient parametrisation

over O veuf /!ue;@ ~fc r«rq@ ﬁz?\



EVIDENCE FOR THE THREe-GLuon
VERTEX (non-Abelian structure of GCD,

Expeot three effects fr'om 3-9 vertey :
|.— Through swbprocess d.'ajranés (9999, €< ).
22— @ dependenee of tructure funclionos
3.- Dependéence Cis C@z) - |

Can these effects be seen -in spite Y
theoretical and experimenta' 'uneqtainﬂ‘g :

Furmansks , I(awal._sk.i (’989):

l.— Consider & given t’heo'reﬁ‘Ca,/ prediction
[do/ap.dy] — including or excliding
the efleels of the 3-9 vertex

= Maltiply [do/dp, d7]7.” .5] normalisatsion
constant A and determine A by
best Lt Lo data

3.— Hope that [it & 9004 for
standacrd O©CD — bad rf
efteets cf 3-9 verley ar€
switehed ofl.



] | 2q.
Standard QCD — X*/d.o.f. =0-9—.1./ depending
on  strulure functions, @t defimtion, A, ete,

l.— &CD withouwt lsubPr‘OC’eJ"JeJ‘ witt. 3-9 ve,tex:
' Ar/d.of. = /8

L= As 1, + SMP,ore.tJ,'on;..of 3—3 vertéx /n
Qz evolution of structwure functions

x*/d.of. = 2./
3.- As 2, + O(s=constant : x*/d.o.f. =3.5

—_—

20 ] T u T R R | ] | T

18 | | t \1 a

16 | /3 B
SRR VA S “ n
1S4 \2 B
<« 12 _ n
> 10 I |
sd f T ot

08 * . standacd QCD -

06 | : |

— 04 ¥ -
L 1 | | 1 | 1.1 | 1 1

2
30 40 50 60 70 80 90 100 10 120 130- 140 150
P, [GeV]

e | 5w,‘{'¢h.'n’ o_‘f 3"3‘&0" verteyx
(éc’f’her Partia”’ or tota,”y)

changes Sha,?_g_ of p,-dependenq
In d:‘sagreem.ent wir P sﬁape

observed evperimenta, ”Y .
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PARTON- PARTON SCATTERING

Detecrmination of :

l.— Angular distribution do/dcos6*
L.~ Structure »funcfionr
P, (jet )
P > /o( < P
> . ~

? - - N & (x'et ’)
P=p 4P

2

Mjj = 4p,py Sin-(off2)
For P =0 (in pra,rot/c.e' 7[0" PT << Prs, /or;)

$m (90 /M)

X, = ('\/?i +MJJ -f'_n'.DL)/\/?
x,= (JR%M) - R )/Vs

.\ Events with two p,-balonced
jét: all ¢l deterrminatsiae
Df xXyg , x4 and 9“ (J'ca"féfahy
angle in two-parten céntre- cl-mac:
a;;)nézyuous — Collins-Soper
B e7ua.//y betw een

For B0 6% is
convention shares
the two incident par'tons



31»_

d3o _ E Fx,) Folz,) N do (ab>g)
dIf dfxz d((.‘osa*} x" Xa dwe*
a,b ———

densities dn/dx
for partons a,

Hopeless at first sight because
of Maﬂy Subproce.ﬂes a,,b‘_of

HMouwiever the dominant subprocesses :
- 93™93 91731 9999
9787
have very similar shapes for dojdcosi

> As an appmx,ma,t/on wse do-/dcase* for

93 sca tter, ng

3
do/d cos0* _ motss 9 (3+ cos*8”)
X, X2S 8 (l— cwza*)"

) \ v —/ ’
Note sin=* 571 term (Ra,ﬁqerfo,‘d)
— due fo veetor boson echanje

present in 99->99 99—>99
because of 3- glu.on vertex
Also present /n cgé’-—)’ 75

d’o Lo EG)Y Folu)
dx,dx, d (eos 6¥) [CL(COSB*)]” >33 Z X b Xa
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A PP roximate relations

5], = $5
dcos@® 9994 Y L dcoso* 49>39

5,
93>3 9/ (d cos®* 33299

3
Q.
3|9
—
Q

2 ulx) = ;(x) = 90c) + g[qw—«-q(z)] )

3@0 el
Stru ctce {’und‘io "

and write |
Ao {d’f 1 Bl £
dat. Aoy dle f@“ ®) | o, My
"R e @(@‘Gﬁ@} } J“ }qﬂ} 1 ;

Approximate -fa.c'!'an’.sa.to'en is versfred
expen'mental!y |

Thys a,na.{ySi.s t‘échnigue Aas been

f!‘r,".fff wsed Ac, VA4
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Ahsula.r distrebution

for parton- partoh Jcaftero'nj

Note larger acceptance

of UMM calocimeter
(larger Jcos 6%))

Tirv 117 1T 1 I ¥

a)
E’ UA1t //’ ?

)

-l
(=4
(=]

- Oluons { gq & g§

[ Vector {q§
{aCDd) | gg

.

=
-

" {1-cos 8°)' -~

(do/dcos 8°) / (da/dcos 6°%)es g% o
3

Scalar gq & g
Gluons ¢
RN

-

-

)

Lt 1 1 1 1 1

01 03 65 07 038 09
lcos 6°1

dn/dcos 0° (arbitrary units)

[
-
S
-

e

b)

| extreme shapes

exact shape

of da-/d.cose“\lil

T T 7

UA2 /

Scalar gluon’
theories -

0.2 0.4 0.6
cos 6°

— Good agreement with QCD
~ Evidence for the zuﬂ\erfbrd teron

sin~4 (6*/2.)

- Scelar rlw@m exclatmgs. diseqrees

AT ¢ N d.m.(‘n.




R o P P [T St
3o~ g% ~ Flx) Pl o1 dioso*)
l S d!‘d)ﬁzd(cosg") d( ); 1 x], [deG’ 93_)%3

,_____ [ |

Ormin  minimum angle 4for which both jets
are within detector occepltamnce
(deperdo o0 x4, x,)

I~ 'i_" €08 O'hin
S( ~ X, | _d %o d |
A€,y 1’3) xag gy ' d"d,(“sg )
a¢, o2 d.cos@ R
el hotnt 1A 99°9%
L \L
EK pen'm cnta.l wncece "ta.i’\‘h.&s Tgn £ ey W"&‘; Q,_ﬂ’! L, @@P%M,E ,‘,.;‘;‘{."’?7 o

Statistical errors

. y . . tione
Normoalisation “5!35‘.@,1 ordeer Corretions

Calorimeter calibraticn (not 1{2'5 calewlated)
do K _dT_
‘d cos®¥ dcoss*®

K wunkown parame'(‘ep
believed to be < 2 _

S, %) = F () Flxa)
Sty = DF0TT

= uncertainty on

(uncer‘ta.in'h, on S)/,z,
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101 T I T | ) -

Q
\
‘Q\o o UA2
o UA1
N.00
- \\Q_
\\\0\
10° - N
NN
N0 N
o \ ’
N® _\,\
RO
I N

F (x)

102 From v reactions (CDH S)

! ——- 02= 2000 GeV? \\ .
—= 02z 20 GeV? " _

- Fld=zqt)+ -;?»[?ﬁz) 4-9&3]
10-3 . | 1 | 1 1

0 0.2 0.4 0.8

) ,
Assumptions :

K=1 [ F(x)‘\/-K_ IS a,ci‘u.al/y measu reid
q:s(Q") = l.'lrr/23 én (QQ’/AZ) , N=0-2 GeV



COMpé.ﬂ‘.Son with structure 'ftmct‘.‘ons 3
measured 53 the CHAEM collaboraticnm
and exfrapola.ted to Q"":e 2660 G‘ev"_z

10 o UA 1
: © UA 2
Fix) | 9e+glags
A
1 B --- -g‘-{ew*?lfxﬂi B

|

this da‘Herem.e
due to 3Qu.on$

L 'l'l'l'

10 3
]0' : 1 1 4 1 1 1 1
0. 0.2 0.4 0.6 08

X
Gluon density af small = |
measured DPIRECTLY for the first

‘{i&a@}, [M deep rnelastic scatterrng The

gluon structare function (s deternined
jm C!.;'f'e(‘.f:‘/.i}; ?r[*y“f.‘ 31 {,//’12 @2-1',: _f:.f,‘-_-,—z({{}x. k) C‘L C/: {A",’ 3 €7 (,/::’)7



HIGHER ORDER QCD EFFECTS

Gluon radiation

3

3-30;0. own

‘lverten 9
<<>

| q
———— 9 >
®
Z = Gluon momw%m/fOfd momentum
Ra.o(ia/h'm Pmba.bnh‘h,l ( Z,Ww << { ) .

d*R o 8xs /-2
dzdaw ~— 3mr zw (“2"’93)

4 32mx T

Gluon radiation from initial partons

—> possibility of two-jet events
with imbalanced Pr (je€ fronm
rad;ated jl—uon /s emi tted generally
at Ssmall anj/e to beams)

In p\ane 1l +o beams
\\bisector

R = difference betwee

two large comporent:

Py sensitive to measueine
ercors (calovimeter resoletion)

'i'

—>» use P? to study py imbalance



3%
Pvz distribution

Experimental data : UA2, Vs= 546 Gev
QCD

QCD) with
R(q+qq)=R(3>33) -

M. Greeo, 985

10~ - ~
P o -f
=l
N = _
cC
1: MonteCarlo
D (detector Simu \a:l‘.‘a_'g
102 & .
A \\ |
L__\._¢ N
10-3 | I I |
0 10 ‘ 20 30 i

—3 -}'e,e,r%b.(-’r‘r tuidence %«sw" 3-94'64.:::@ yortey
2
For P’Z < IS GeV/e dn/dF,‘. ~ B exp(—a. £°)
<B>=7%/ GeV/e



FRAGMENTATION *1

'Po,rton jet <
Tio distine® rego'ons:

l.= Short distances (<< /0 cm) |
Pertwrbative @CD %Luor\ radiration,
q/EL poar ceation
parton —> jet of partons

~2.- L.@m.g distances ;('3;,,!@_!3@,;»)
NOn—-Pert%r(ra,f'ive @C—D /DrO/Der'f‘l'es
partors = colourless hadrons
not caleulable
Two “pOPu,lar“ models
— inde,,oendent’ Jjet fragmenta.t/on (each
parton ﬁ-agment's ind-e,oendenliy of
the cther Partons)
- — I/nes _Of Colowr force [St‘m'nys) strelfched
among all partons in fnal stale
(Lund moda/)

Variable def:‘niﬂ on

lhad rons: momentum ?1', Jet mo mentum

_— " ’!?-.-_Z_L_‘p’t

Z= (F?)/ Pz -Practio:na.l Io_u)gif'kdina/ momentun
9+ component of 'ﬁ 4 P

: A e ’ P
d‘!’"! ﬁ"! v;“‘A E:; P Ty g' J “'1"-‘5 ﬁh’;-’pf\-“ﬁ; &‘E*: ":'-"‘ e -Z.‘-' Q“. «3 s F"'ill -[’e ~m “‘i



_ 4o .
Mea surement of D(z2) requires momente:s
measurement of individual jet fragmeont:
— posycble in UAY {w- charged frojment.
because of magretic freld
:D\'FFCU.HH 7y small z S/aeu‘:a,to,- ,oa,-t‘,c_/e;

not b.e)angm te the jet
(e“’e —702,161-‘5 has no .rpec,ta.tor:)

Dlz) g7 J T T T 1 T T ]
o UA1, P.>30 Ge\/(St-V«'ncent) mach, qluon JQ"’S
. W AFS(1sR), < Pr> == 14 Gevfe quark jets
2 L, ® efe s jets, VS =34 Gev quark jet
-3 = ; :
¥
r <
%‘%
10 3 c"h 3
[ %;o ]
3
s %ot
1 | 00 '. ] !
9 . ? —
o 1
07 o * E
[ ¢ 1
¢
02 E S
- ? E
10 1 1 1 1 { | | | 1
0 0.2 0.4 0.6 0.8 1.0
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Two ‘pos.cfb/e réasons :
a regl 9(44@1 jef/Quark J'&f &'ﬁlerence
R(g-—»g;) = 9 R(i—’ﬂﬁ) —> There is more Qluon radiatyo
{ram. jl«on Je_ﬂ fhan /f‘ﬂm quark Je?‘s

Scale brea.lﬂt'na e-Hee"':s are small .

. — scale 6rea./<m3 effects in D(z)
(expected fram gleron ra:&a,ﬁon)

4

|
Y LA RS S | ¥ LB | Y i
TASSo (e*te”) ) l
‘wo | o ° o [ -] O 0.0Z‘K“‘O-O.S_. !x — z
. ] =
[ © o ¢ oo © 005x=01:
- ¢ [ “
.sg 9 6 o N é & o a D1‘X"‘02 -
3
?‘-, 100 |- R ! E
- - v L
2 ‘ vt e 02<x,<03 ]
o 9 o o J
- § © o o 03ex<0L T |
! !
* s s i L : |
10 | + # 04<x<05 -
[ .. ]
L 4 ¢ * 05<x“¢07 v-
Y U S U U W | 4 P Sl i 1
10? 10° L—)Coll,der ,e(:r
2
s (Gev?) [Mij=VE <V Se- |

Most Likely , collider jets are softer becanse

o} a real 9l on jet/quark /€t

d»é&é‘ rene e



(transverse momentum L jet ax/s) 1>

<Qr> (GeV/c)

L

4
—+ ua4

10 E] > 30 GeV

VA4

.

1 A 244t

1F E

E f P.,. f dl'.S‘f‘rfbu"/’*‘)n

B _/ X .
o'l _ of secondaries

| from soft

i ] collysions w:'f'/,‘_
107 7 respect to bean

ax,’s

—t

(=]

1

(V"]

LR AR |
nn] Y

qr (Gev/c)



Cl\arged pearticle mulh‘plo'cftz n jets t3

1
In princip/e <n.y = fD(z) dz
o

but D(z) /s poorly Known at small 2
( spectators) '
Method used by‘ UA2
=0° .

ax's o(: = N

-« Ca"laarﬁzo( particle tracks:
- measured over 20°<8< |60°
Na) region W)‘MJ No
masgnetic freld

. ] A
Azimuthal dencidy ot charged porticles

T T T T T T |
32 h
i UA2 1983
: o X ] «N,
28 1 —— L0 <mj; <50 GeV . MJ;&?\‘S
; ---- 90 <m;; <100 GeV . )
[} r.
i
B 20} |! :
— o
2 16
3
12
(dn ~ B —t—u—-
d— L L .
¢ "/7' - S auer_aao. densit
N l'y‘ SO)Lt CO”)‘I;O’[
0 - O.IL 078 1.12 1.I6 21‘0 2.4 2.18
¢ (rad)
Defirition

oW
_ L d _m(dn
<"C.> -2 { 5 '&z‘\#—dcﬁ n'(d¢ "_/z}
average lnu/ﬁ'p//'c,'/y of jet “Core”



To compare with <ne> meéasured
in ete~ collisions (quark jets) apply
the same method Yo ete~—> hAadrons

'C'u.a.'lc f-ragmenta‘h'o:'\ mode| Cwebbér)
Fh‘ to ete~—> hadrons

LLLLTTZTI7IT7 same model (with theoretrcal ‘
uncer(‘ainfw,) far j/qon fra\jmén‘t‘at/'az

L llIlIll

wl o UA2 1983

v TASSO (modified)

og i | 1 1 11 LJl

10 50 100
ii of VIS‘.G- {GeV)

mjj~50 Gev Morf“(y gluon jets <ﬂ¢,> > <N

¢tollider e'*e-
L

m;;-.».mo CeY  mosty quark jets LAsHaw Lvip

. N , -
Y ﬁh‘ Mo e“vq‘ v F 2 B TSI I D S S LI A p:_. orarm o ~ é.( IR AT S AL S
2 . 5 N4 R R N S (N X K S :
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Tramveru énergy densoh, mn a jet vs #

(¢ =0 is The jet ax's)

Nofe '03 Ordnnate — Jet fragments a.t
|ar3€ # are SO.‘—t

103 T —
UA2
@ b 20 < £} < 30 GeV
) f
- e
o 10° F ®e 0oe0 ® -
o
>
.V}
=)
2 30 <E{ <40 GeV d
o 10 { |
~ i |
- Z 7
s
c 10 o .
~ ®ecee0
p-
102 - . 40 <E%<50 GeV ) -~
\ :
10 F oo 4
1 1
0 n/2
® (rad)

gleon J'e,ts} model (Webber) witt

- Qu.ark jets 9luon Md;a"t"on

Fc'eld Fe nwman O;ngénf.‘a.hon (no 9&407\
rad: at: aM c~edscts nerroe) Jotce)



| oA
SUMMARY !
- Hiah-P.r jet producti-an is the dom;nant

pheromenen in hard coallisions at
the §p collider

- Jet identifrcation /s €asy (mefév-
cell ealovimeters —> £, c/e;w,.ffi’fi’;ifm"-?‘,a.

- Jet pmduct&a’n can be studied
by (a!most) ignoring fragmentatior
(as if the high-p, parrtons themsel es
iveré detected)

— Data ace in 3ood agreement with QCD:
— fnclusive cross- sections
— angular distribation of parton-parton
Scatterin
~ structure functions (fFrrst direet
measurément Df 914407\ denn'h, rn pwihn)

~ NMNeed Thise —glusn ve rE2e FO
doseribe data

— Need 9b¢on radialion To e%)aQM'n
frag mentation



PRODUCTION AND DECAY OF THE |

INTERMEDIATE VECTOR BoSows
+ o
N= amd Z

|.— Expected properties
(Masses, decay modes, production
Cross- Jec.t‘/'ons)

~ 2= W and 2Z° delectron

3.- Measured properties
Monaes -
Cross— seclions
2° width —> number o/ neulrinos

CW\az QA—VMmen? in W= ey .du.a,.i
QRCD effects | .

4.~ Evidence for W —» th

5 — Conclusions
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Masses
t‘ -..G_. = . %2—- ' %‘L: e:‘- = AT X
W™ s SO
G = (11bL38+0.00002)x 107> Gev™™
Ferwé co fin constankt \j—rom QA preécision MeMurgmérit
A\ ] n
“pling " of T, : Tu=(2-19709%0.00005").
| % 10" °s ‘
-1 |
o = 137.03604*000011 (at @ =mZ)

-y My = 3128 GeV

Talking radiafive corrections iate aceoun? :
M= 38b5/sind,  Gev

Precent world average from varions low energy

expew ments [WU, VN, Ve, ve, e(pol) D ,

efe- >utu” . see K. Winte, EP &4-/37 ]
sin*8(s=M},) =0-217 % 0-0/¢ |

—

7° My o My _ _3%865 _ 7730GeV -
cos 6y Sin By CosOw Sin 16y

(from minimal H/gy_s. Sc_/.eme)
—> My = 93.5F 2.2 GeV

( &m,,, AM., are not independent é’)



