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« Experimental aspects and measurements of cross -
sections and asymmetries for the process:

————————— ICHEP 2000 - 27 July, 2001
QOutline
» Features of fermion-pair production above the Z pole
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Effective Center of Mass Energy
fermion pair production at LEP2 : OPAL 205.4 GeV preliminary
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SM Processes above the Z Peak

Two classes of events:

Js'/s >0.10 (qq) _.
Js' >75GeV (u, 1)

@ (non-radiative sample): +/s'/+/s >0.85,0.90

@+® (inclusive sample): “

8/(0+8) = 22 % for hadrons
42 % for p, t

0+® same physics as measured at LEP1
(with higher accuracy)

®  sensitive to new physics
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~ Definition of the Signal

1) Vs' - mass of the s-channel propagator
IFSR interference subtracted (L3, OPAL)

2) V/s' - qq : mass of the s - channel propagator

I'l" : bare invariant mass of lepton pair
IFSR interference included (ALEPH, DELPHI)

IFSR interference for v/s'/+/s > 0.85 is about 1-2 %
predominantly for large |cosé)|
ﬂ.ﬁi.n
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Data Samples

n1999: ~228pb'/exp. .|
atE+192-202GeV © |

6

- 205 GeV”
in2000: ~58pb™/exp. JELP
at (E) ~ 205 GeV
~ 29 pb™/exp. “206-207 GeV”
at (E) ~ 207 GeV

(£, =580 pb™/exp. )

X 201 X2 201 B . 1 206 200 X8 e
Vs (GeV)
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Cross-Sections

Js'/Js |>0.10 |>0.85
qq |05-1%| 1-2%
ee | 0.5-1%| 0.5-1%
ppu | 1-2% | 1-2%
r'r 3-4% 3%

theoretical error on o;,4: ~0.5 %
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Cross Section (pb)
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DELPHI Preliminary
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Angular Distributions and Asymmetries

Typical Systematic Errors:
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Symmetric Double Radiative Return

Two back - to-back photons, Z° almost at rest, Z° — qq final state = E(yy) =E,-M,

« first measurement of o . ;..
«cross - check on MC generators (0, 1, 2 photons seen in the detector)
eimportant background for Hvv searches
= E
1 x
| i * |
f _ | _
_ [
i\ . | o
_* ! -__k%_.h_
Eo =189GeV  M(jj) =M, %S 180 % 190 195 o
E(v,)=53GeV E(y,)=37GeVv (LEP2: 189 to 202 GeV data, DELPHI)
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Interpretations of the Results

ICHEP 2000 - 27 July, 2000

» comparisons with Standard Model predictions:

» energy dependence of Oy,
» S-Matrix framework

» constraints on new physics:
* additional Z’ bosons
« four-fermion contact interactions
» R-parity violating sneutrino exchange
» lepto-quark exchange
« gravity in extra dimensions

10
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I -
2. Vs 7/s>0.85
m By A » ¢'¢ shadrons |
fo e
LEP averages of published and .c..w.m. “e'e T T
preliminary results: -}
»
0 mf - _-,.-_.-iFm
« fair agreement with ;p“ b ¥ ® ma s wees |
Standard Model predictions ® |
(hadronic cross section is high) m T |
S W i | 7
2 5F | 1 Mr
» correlated errors are taken into $°F 1% 31 T.___._
account in the combinations . .“
a5 | '
20 ”
1> 1% 10 1% 1 e 1% 1% % 210

vs 1 GeV
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Lepton Asymmetries _.
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Lepton Differential Cross-Sections

Preliminary LEP Averaged do/deost it1)
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LEP averages of published and preliminary results:
good agreement with SM predictions
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Fit to u'p and r' ¢ non-radiative
cross - sections and asymmetries :

05 (187)=128.4°25  (SM:127.9)
=1 j
assuming SMup o ;o (Q.)
-~ 155 :
mW.. TOPAZ jvfeeiiy and qq average: &
S0 P o bepionic data from:;
«DiMis. CPEPF. CPETRA. ATRISTAN
145 .
140 o
135 |
L 4
130 //P/ﬂ!...w. & |
125 OPAL ‘G
120 G
115
OPAL 2fermion fits:
1o average:
105
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(LEP2: 130 to 206 GeV data, OPAL)
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Q/ GeV

Asymmetries and Limits on New Physics

= Energy Dependence of Oy,

ICHEP 2000 - 27 July, 2000

Small angle Bhabha scattering at LEP1:
0geol-2.16GeV? )- g, (-6.25 Gev? )=0.78 +0.26
Large angle Bhabha scattering at LEP2:
g (-12.25 GeV? - a g, (- 3434 GeV?)=3.80+1.29
i P
N 13| 9
_,ﬁw K . ..m.
| 8 >
<132 | b S
e e
g ) »
130 - * small angle N a
- = large angle +/ E
i ) +
__ a
128 + E
40 1 2 3 4
“log(-Q%GeV?) 14




S-Matrix Framework - I
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Z lineshape fit, LEP1 data only, m.n
toM,, 13,0, 1, /T; .)M W._
(L3, yZ interference fixed to SM):

M, =91189.5+3.1 MeV

I, =2502.5+4.2MeV

Qu:-umnﬁ g + h@..w KLH_.,W
1 305 (5)

nﬁ == "§4
=l ® FERS
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L] i ]
e fa B e O o WO W
] IR A

g; -yexchange
r; -Zexchange
J; =yZinterference

At LEP2, for i, tand for Vs' =~ /s
y-exchange is 2-4 xZ -exchange
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S-Matrix Framework - 11

1.5

68% CL
S - matrix fit, LEP1 + LEP2 data [LEP1 data only] -
Ag_ﬁ.ﬁ g ) univer Eqv - .,..r.. . %
M, = 91188 + 4[10] MeV
I, = 2503 + 4[S] MeV -
£ = 2.9850 +0.0092[0.010] 5% | o

% =0.1432+0.0006[0.0007]
i, =0.31+0.13[0.59) "

i, =0.010+0.018[0.035)
2%, =0.0033+0.0005[0.0005]

i2, =0.761+0.024[0.033] 057 oz
— all data
(LEP2:130t0202GeVdata,L3) 9117 9148 9119 912
m, [GeV]

Giuseppe Della Ricca - Fermion Pair Cross-Sections and e —————
Asymmetries and Limits on New Physics e



oo
=

Additional Z’ _womorm

GUT theories — new gauge bosons, i.e. Z’' (x,w,n models)

ECHEP 2000 - 27 July, 2000

also left-right symmetric (LR) and sequential SM (SSM) models W.,,
|
: el - = A 078 L o7 JB
LEP1: sensitive to mixing hlmhm.\w +NN§.\~¢+NNQ.\N. m.
Z=7%0s0,,+Z'siné,, T ,m
LEP2: sensitive to mass ,W,H M
ete > Y27 > ff M = o
Z model | mAGeV) | 0 m
E() | 753(0) - 3
Es(w) 410 (A) - m
Eg(n) 486 (0) " S
E((I) 510 (A) R
LR 635 (0) " &
ssM__ | 1000 () 20, goi |
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Four-Fermion Contact Interactions

Any kind of new physics at TeV scale

eye.

A_ - &? M“ mler A IZMA
w”.aq_.. e 1. q
A=energy scale
3=0 (1 for e*e’) g/ A”
n;=elicity amplitude

e I~.q

do  do™" l

- +¢,,\5,c080)—
dcos® dcosOd Cuuls, 08 v>m
+c, ?.n@mcv%
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Limits on Contact Interactions-I

LEP combined fits on u and 1 differential

(LEP2:130 to 202 GeV data, 95 % CL limits)
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cross-sections assuming lepton universality =~ FF Combined Preliminary
classified according to chirality of initial " A
and final state fermions:
AA 139 176
Ner | M | Mir | MrL VV 17.2 204
RR 9.7 123
VW | £1 | £1 | #1 | #1
LL | 1| O 0 0 LL 10.2 128
|RR| 0 (1| 0 | O 1 | |
20. 0 20.
A (TeV) At (TeVv)
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Limits on Contact Interactions-II

LEP combined fits of oy, (from Ry, and o), A%

bb — LEP preliminary cc — LEP preliminary
Ly —_—— =
RR — RiR —
AA —— AA ——
w w
R = LR =5
RL e — RL i
LL+RR E o —— LL+RR e
LR+RL LR+RL
15Tev A A" 15Tev 15Tev A A" 15Tev

(LEP2:130 to 202 GeV data, 95 % CL limits)
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R-Parity Violating SUSY

PRy VORI L= A L EE} + 2, LOID; + 4, 00D}

& I nq.\A s.b. 1! & u, < (1)
" ino g . s channel t channel u channel
leading to lepton pairs:
g =i fpiee-veel] [ [ee [wn | re ]
A 1 Yukawa coupling Ay | V.(6S)] V(L)
v : lepton singlet superfield As | 7(LS) ve(t)
e . lepton doublet superfield Andan vu(s)
| A3y Ay v.(s)

(only accessible at ete colliders)

(see talks by T.Takeuchi and I.Fleck) 21
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ul_ [agh aF Thysl
LELK

s & W &

From I'l" differential cross - sections :

Limits on Sneutrino Exchange

(LEP2: 130 to 202 GeV data, ALEPH)

Ao = e

ICHEP 2000 - 27 3uly,
. - ._\IJ.
DELPHI preliminary ¢
(¢} exciuCeq regior |
21 OF Ag3y
50 ...E m..
>
exciuces regio” &
dazy = Aoy s
_ ~
fhe) R .w
a
o |
§

. 2] _mu: . : s
m. =100 GeV/c? |m. =200 GeV/<’
AL, v, inu u) 0.21 0.28
Alt,v,incz) 0.48 0.66

(LEP2:130 to 202 GeV data, 95 % CL limits, DELPHI)

Giuseppe Della Ricca - Fermion Pair Cross-Sections and
Asymmetries and Limits on New Physics




&

t - channel exchange of LQ

Limits on Lepto-Quark Exchange

ICHEP 2000 - 27 July, 2000

can modify o, and Q4

S.» leptoquark < u-type squark _

S, leptoquark <> d-type squark

(limitson 4", )

Limit on scalar LQ mass (GeV/?)
Se(L)|So(R) S, (R)| S,,(L) IS, .(R)| S, (L) 5,(L)
380 56 | 128 120 | 120 - 319

Limit on vector LQ mass (GeV/<?) |
Vo(L)| Vu(R) [ Vo (R)| Vo (LIVL, (R) Voo (L V(L)
618 | 137 | 331 | 144 | 169 105 |515 |

(LEP2:130 to 202 GeV data, 95 % CL limits, ¢ = ¢, ALEPH)

Tevatron limit: 225 GeV/c? (any LQ coupling)
275 GeV/c? (1% generation LQ)
atomic parity violating exp. limits: 430-1500 GeV/c?

Hera limit:

Giuseppe Della Ricca - Fermion Pair Cross-Sections and

Asymmetries and Limits on New Physics
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Gravity in Extra Dimensions - ™

: z..
Fits to u and ¢ differential cross-sections for 5 ol
fermion-pair production, including virtual g
graviton exchange: g
- i L.
do - do + B(cos® v‘._ +C(cos® PL. | ey
dcos® dcos6 M. M, DELPHI PRELIMINARY
M, = energy scale, .. = interference with SM u o .
. | s
h | M (Tev) -
+1 0.76 3 g B
-1 0.60

(LEP2:130 to 202 GeV data, 95 % CL limits, DELPHI) i

(see talks by H.Terao and J.L. Hewett) 24
Giuseppe Della Ricca - Fermion Pair Cross-Sections and

Asymmetries and Limits on New Physics




W

o

ICHEP 2000 - 27 3uly, 2000

Summary and Outlook - I

* cross-section and asymmetry measurements at 130-202 GeV
are in good agreement with SM predictions __

» preliminary results at 205-206 GeV are also consistent with SM
* running of oy, is confirmed

» mass of Z" must be higher than 400 GeV (SSM: 1 TeV)

» further improvements on m,, j,.4 within S-matrix framework

Giuseppe Della Ricca - Fermion Pair Cross-Sections and
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.wH_BBmJ\ and Outlook - II

ECHEP 2000 - 27 July, 2000

» energy scale for new (contact) interactions constrain to |
values above 10-20 TeV |

» R-parity violating SUSY: A<0.1 for sneutrino masses in the
range 130-210 GeV/c?

» lepto-quarks: excluded mass below 60-620 GeV

*» energy scale for gravity in extra dimensions constrain to
values above 600 GeV
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