ELEKTROSLABE OPSERVABLE

MJERENJA ASIMETRIJA
NA LEPu i SLCu

= WiZBOZONI U SMu
= Anihilacija na Z-rezonanci
= Mjerenje kuta slabog mijesanja



" I
4 POKUSA
NA LEPu:

ALEPH
DELPHI
L3
OPAL
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Global fit to ew precision data

Measurement Fit AO’“efs-Of’l’/)o’“ea;

v2/dof=17.8/13 (16.6%) s T, - )
m;, [GeV] 91.1875+0.0021 91.1874
I; [GeV] 24952+ 00023 24957
Oia;. [nb] 41540 + 0.037 41477

R 207670025 20744
Ay 0.01714 £ 0.00095 0.01640

A(P.) 01465+ 0.0032 0.1479

) R, 0.21629 + 0.00066 0.21585

Largest pull is from LEP R, 0.1721£0.0030  0.1722
b-quark forward/backward | AY 0.0992+0.0016  0.1037
asymmetry. e 0.0707+0.0035  0.0741
A, 0.923+0020 0935

2 0670+£0.027 0668

A(SLD)  0.1513+00021 0.1479

sine'(Q,) 0232400012 0.2314

my [GeV] 80.392+0029  80.371

MwlGeVl  2147+0060 2081

m[GeVl  171.4x2.1 171.7




'PROCEST ELEKTRON-POZITRON
ANIHILACIJE

eve Annlhllatlon iIn Feynman Dlagrams

In general e*e- annihilation e’ ,}, 7 e’ ?
involves both photon and Z
Z exchange : + interference +
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LEP-II: IZNAD PRAGA
PRODUKCIJE PARA W-BOZONA

e"‘ W+ €+ W+ e+ W+
¥ 4
>\,\,\,\¢“:: + >vwx¢f\: + j}:
e W~ e W= e W~

m TRI RAZLICITE TOPOLOGIJ E

WtW— = ¢tvi—v WTW~ — gglv W*W — gqqq




IZRAVNI TEST VRHA ZWW
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ANIHILACIJA

IZMJENOM
Z-BOZONA

e P2 P4
N 7 7

u v

q
e /1'91 P3\‘

= POOPCENJE
ANIHILACIJE

PUTEM FOTONA
Mg = Mrr +Mpgr, +Mir+ Mj .
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ANIHILACIJA NA
Z-REZONANCI

VREMENSKTI DIO VAL-
F-JE NESTABILNE C.:

VIEROJ. OPADA
EKSPONENCITALNO: V' W ~e ' =

EKVIV. SUPSTITUCIJI

U PROPAGATORU:
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s —mz+imzl z

ll/ ~ e—zmte

—It/2

It _ ,—t/7
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(s = m3z)? +m317



URUPNI

DIFERENC.

UD. PRESJEK JE

ASIMETRICAN

2
dQ - 6477:2 Myi
dGRR - 1 gZS
dQ 6472 (s mz) +ms T2
dO'LL . 1 gZS
dQ 6472 (s—m2)2 + maT2
doyr - | g%S
dQ  64n? (s—m§)2+m§r§
dO'RL - | gZS
dQ  64n? (s — ) —I—mZF2

Mo [* + |MLr |

&

[Mgr|* + M|

>

-1 cosO +17

(ck)*(ck)*(1 +cos 6)?

(cf)*(c1)*(1+cos 8)*

(¢7)*(ck)*(1 = cos8)

(¢1)*(cg)*(1 = cos 8)*



NEPOLARIZIRANT UD. PRESJEK
& Breit-Wignerova formula

N ’

(M) = 55 (Mael? + Mo + Mg + M )
4 2
= 33T R )+ (D) ()01 + cose)
()2 (ch)? + (e ()1~ cos0)?}

{1} = 0+ (IR + (4)1(1 +c05° 0) + 2ch el cos
J7 (14-cos?8)d(cos8) = [H! (1 +x%)dx =8

1 g5 eN2 | fen21r N2 | HND
Ot ~Z—u' " = Toar (s—m2)? +ni2l2 [(c5)”+ () TM(ch)” + ()]
_ meZ
Mz e o) = S22 ()2 4 () o

Iy

+ - 7 —
O'(e e —>Z—>ff)_ m% (s—mz)2+mZF2



MJERENJE OBLIKA REZONANCE
& BROJA NEUTRINA

Physics Reports, 427 (2006) 257-454

=

o(cte” — Z — hadrons)/nb
= g

my — 01.18754+0.0021GeV

FZ — 2.4952 +0.0023 GeV
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NV:

2.9840 = 0.0082
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ASIMETRIJA

NAPRIJED-
NATRAG -
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(Forward-
Backward)

do

- = 2
0 K X [A(1+cos“0)+ Bcos 0] {

' do
o dcos6

— dcos 6
OB = / dcos@ co>

O = dcos 6
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ASIMETRIJA Ay — OF — OB

NAPRITED-NATRAG ' OF + O3

OF = K/O [A(1+cos”0)+BcosB]dcos 0 = K‘/O [A(14x%) +Bx]dx = K (gA—l— %B)
Op = K[OI [A(14cos® 0) +Bcos 0]dcos 8 = Kf()l[A(1+x2)+Bx]dx: K (gA — %B)
Ao _OF=Og B 3 [(Ci)z—(Cfe)z | [(ng_(cgy]
©oortop (8/3)A 4 [+ (] (] + (k)
3
Apg = ~AAy
4
Ao OL=OR ||, ()= (k) _,
Oy, + OR (cf)*+(cg)? )




ASIM. TIJEVO-DESNO[, _ or—or

mjerenje dva procesa R 5, + op

(SLC): -

LH o RH

e =, 49/\‘ ot vs e _ ™ 0) o+

u+/ W/

2" H e M /u‘ < U
2 AN A VT A

U

V2 = 2 (M| + [Mpg|?)

O = %(GLR +o11)

(IMg|)* = 5 (|Mge|* + |Mgg|*)

OR = %(GRR + ORrL)
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MJERENJE F-B ASIMETRIJE na
Z-rezonanci i interferencijom s vy

dG/dcoseu- (nb)
%

=
=)

-
'

=
=

S 2
= =

=
]

OPAL Collaboration,
Eur. Phys J. C19 (2001) 587-651.

ete” —=Z—utu-

ete” —y—utus

* LEP data combined:
A?;g = 0.0145 +0.0025
AP =0.016940.0013
A" =0.0188+£0.0017
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MJERENJIMA F-B ASIMETRIJA
odreduje se kut slabog mijesanja:

= MJERENJE LEPa A%/ = 34,4,

L Ao Ay, Ax, ..
O MJERENJE SLCa Arp = A,

A, =0.1514£0.0019
Al-i — (0.1456 == 0.0091 2cl et 5 cy/ca

Af = VA
A; = 0.1449 +=0.0040

()2 +(ch)2 1+ (ev/ea)?
cv 13 —2Qs1n Ow

CA 13

— 1 —4|Q|sin® By sin® By = 0.23154 +0.00016
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ANIHILACIJA ELEKTRON-
POZITRON U HADRONE

- na Z-rezonanci

' _ ., _?g L +
—iM = iy (grPr + gL PL) 2] . : 1/2
P IR U Z

Oy (grPr + g Pr) ua)

(M2 = (5— Ug)ng 21 {(QEJrg%)Q(lJrCOS (9) +2( gR)ZcosE’}
s — M2 M2T?

ete”™ — Z — put T R, = (
eTe~ — / — hadrons Z

g2+ dh )
2
(91~ + g%

RH = 2)
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OPSERVABLE
NA

Z-REZONANCI

= UKUPNA SIRINA
n Z-ASIMETRIJE
= Parametar Rb



< Vs7s > 085 | LEP
102
IRY g \\
Q) ’ 5 N\KM".Q.‘_
1?0;10 _\'\Lx |
8 Ty
& Tt weng |
P 32:3?3:@5(1}
e s_l—rr*'r'h:f . .
_ 12 | T
s 50 w0 ol o2 o5 e s J,:: 1: t ,
Energy, GeV b§ 0.s] * A
0.8
(N is no. of light - wrt My - nentrinos) 120 1.&.0 1é0 1é0 E(I)U 220
Vs (GeV)
_ 127 T'(Z — ee)I'(Z — hadrons
o(e’e” — hadrons) = ( 5 2 2( — )
(F* = M2+ M2
\ 2

2 1
- 2 2 .
p-—m +iml"

Ax(p)



PARAMETAR RD
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TEST NEODVEZANIH ST. SLOB.

N g2 yt2<¢+¢>ZMbL’Y“bL
R, P = 0.21630 £0.00066, R 2
M \\Y

The O(107?) accuracy reached at LEP-I let us to
probe the genuine e.w. effects at the 20—30% level

1 <(I)+(I)>ZubLY“'bL

probe scales of new—physics not too far from the TeV A?

possible NP 1 contrib.:




OKUSNO-UNIVERZANE ("oblique™)
& NEUNIVERZALNE ("decoupling™)

b b
E'g - W
R, = 'z —>. bb_) leadir-lg m.t dep.’ 1 . t
['(Z — had) driven by ol g
/Z
R,=R,[1-G,m2 212 +...]~0.2182 -0.0024) l
| ]~ g? yH070)Z, by by
M2W
|
tree—level

+ flavour—universal corrections
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Mjerenje

Rb

(LEP,SLD) =
odreduje =7
masu t- .
kvarka

100 - -
0.213 0.217 0.221



Usporedba
mjerenja i
analize SM
s globalnom
EW-
prilagodbom

as_oﬁtgo_meas

1

3

Measurement Fit éOmE
)

91.1875+£0.0021 91.1875
24952 +0.0023  2.4957
41.540 £ 0.037 41.477
20.767 £ 0.025 20.744

0.01714 £ 0.00095 0.01645

0.21629 £ 0.00066 0.21586
0.1721 £0.0030  0.1722
0.0992+0.0016  0.1038
0.0707 £0.0035  0.0742

0.923 £ 0.020 0.935
0.670 £ 0.027 0.668
0.1513 £ 0.0021 0.1481

80.398 £ 0.025 80.374
2.140 +£ 0.060 2.091
1709+£1.8 171.3




