Two-Photon Physics atI

Richard Nisius, CERN
Aachen, 28 Januar 1997

1. Photon-Photon scattering

® Exclusive hadronic final states

® Inclusive hadronic final states

2. Electron-Photon DIS

® Lepton pairs and Fy qgp

e The structure function Fy (x, Q?)
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Photon—photon scattering'

2E,E(1 —cosf;) =0
2 2
Syy = (Z Eh) - (Zﬁh>
h h

At \/S.. = 130 GeV, for W? > 4 GeV? and
Q? < 1GeV*

o(ete” — et e~ + hadrons) = 14nb =
40 -o(et e” — (v,Z°) — hadrons)




D*(2010)* production at LEP1
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Theoretical bands assume a charm
quark mass of 1.3 to 1.7 GeV/c?

S
=}
S

w

o

25
RRRRS

pletetototototetotetetets

&
O
GRS
oatstessestetstetatetote!
SRttt atetetetstetatetatetstetate!
RIS
OSSO or s otetotetotetetetorites
ORI
RIS
SIS
(R RRRRLLLRRS
CRRXXRLS
bosesols

g(e"e” —> e"e" D'*) pb
o(e*e” —> e"e” ctX) pb

o5
RRRRR

[

Q

©
0%0%%

N
o
o
L B B B
0502050 %0 %%

IR

5

<
So%eds

RRXKS
KRR
GIKKE,
KKK
KRR
ORLRLLLS

R
355

092
55
5%
KRS
s
bt
o0
%
Se%0%e!
deodotodels

pototetetele
G
%5
29598

3555

0‘0‘ <
oSedeteteds
<
R
daSosetetets
KB
BoSososeses
0.0.‘
9%}
o2
9%

oS
'S

KRS
35S
KRS

%

K
oot

podel

P ¥opoz Am
opaz T,
TASSO (RRRRRRKS RIS 5 Togoz Iepton
XXX 025 IR A
oot IR R my T,
OREIIRIIERS e KR Al lept
: QRRRIRN my lepton
'(EPC/TWQ X SRS Venus lepton
amm

80 90 100
Beam Energy (GeV) Beam Energy (GeV)

— ete " D**X) = 155 + 33 + 21 pb

— eTe " ceX) = 326 + 87 pb




Kg Kg final statesI
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visible cross-sections
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Leading order diagrams'

Direct:
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Monte Carlo models'

PYTHIA 5.721 and PHOJET 1.05

Monte Carlo ingredients:

. Leading order (LO) QCD matrix elements
. Hard and soft processes

. Total cross sections from Regge models
. Initial state parton radiation

. Fragmentation based on by JETSET 7.408

. Multiple interactions

NLO calculations'

NLO calculations for inclusive jet cross sections
by T. Kleinwort and G. Kramer,

DESY-96-035 (1996), hep-ph/9509321 and

Phys. Lett. B370 (1996) 141, hep-ph/9602418.




The @ distribution for 2—jet events

at n/See =131 (GeV

&~ is the fraction of the photon momentum
participating in the hard interaction

Zjets(E + p:) Zjets(E — P=) }
D hadrons(E + Pz) , D _hadrons(E — Pz)

L~ = max{

PYTHIA direct
Direct events : x, =1 no remnant jet

Resolved events : @, < 1 remnant jets possible




The separation of event classes

at n/See =131 (GeV

LC single-resolved » double-resolved - direct

rTrrrrrrryrrrrJjrrrrJrrr [ rr 1T T [T 1T 1T T [T LI B3

T T
o.F * *'%
@) * ﬂ%
R 3
O x
N t?‘ﬁ*a**%*
AA& . xR
o} o}
A O&*% O O* *
A A A A G
A o)
D & L
o}

A
A
DA% :
xO

o
IN

PYTHIA

61 02 03 04 O5 06 07 08 09

+ _ Zjets(E:I:pz)
7 Zhadrons(E :I: pz)

0

o

X
<";\\\\

r




A direct two-jet event
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The inclusive jet cross-sections

133 GeV

compared to Monte Carlo models
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The inclusive 2-jet cross-sections

at \/See = 161 GeV

ddjet compared to Monte Carlo models
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Electron-Photon Scattering I

€tag (Etag,Otag)

QZW\Z

2
d°Ceqy—mex __ 2mal?

dzdQZ — Q%

1+ (1 - y)z) F;(wa Qz) - yzFI:y(wa Qz)l

—0

— €0S Oy ) > P?




The production of lepton pairs'

e

ANTI-TAG

z Q2 [(1 + (1 — y)2> F;,QED - yng,QED

FJ qen (%, Q%, P? = 0)/a =

@1 —22(1—2)In ¥y — 1 4 82(1 — a)
m

F{ qep(z,Q%, P? =0)/a = 22%(1 — x)




The world data on F3 qgp

compared to QED
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The structure function for P2 > 0

[ Anti-Tagging for 6 =0.026 rad

antitag

1 Oantitag = 0.026 rad
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The contribution of F{ qgp
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Azimuthal Correlations'
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The measurement of F3 /F27I
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The contributions to Fy' (x, QZ)I

F;(wa Qz) — L Zc,f 8(21 ‘fq,'y(wa Qz)

VWVVVC

hadronic, VDM, pt = “small” pointlike, p1 = “large”
P, w, @, non—perturbative perturbative

q

0.6 |||||||| ||||||||||||||||||||||||||||||||||||||||

FVBOX(X)IO( (n=3,Q°=14.7GeV* m_ OBGeV)

FAVPM(x)/a = 0.2 x%* (1-x)




Event selection'

Lint = 156.4pb~ !

. Electron Tag: E¢ae > 0.775 Ey, and
0.06 < B¢ < 0.12 rad

. Antitag: F, < 0.25 F,
. Nep 2> 3,and (2.5 < W, < 40) GeV

= 5455 events with (6 < Q* < 30) GeV?

. Electron Tag: 0.75 Ey, < E;,, < 1.15 E}, and
0.2 < B4 < 0.5 rad, plus isolation criteria

. Antitag: F, < 0.15 E,
. Nep 2> 3,and (2.5 < Wy < 25) GeV

. pt,bal < 5) GeV, pt,out < 4 GeV,
—0.5 Eb S Dz, miss S 0.5 Eb

= 225 events with (60 < Q* < 400) GeV?




The phase space at 1/Sce = Mo

L

EP (E; = 45.6 GeV)
Curvesfor: Ey =5GeV

8,=0.055

" 9 =0.033

10

10

10

-1




The effect of different E,YI

- LEP (E, = 45.6 GeV)




A tagged two-photon event
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Event distributions compared

to HERWIG
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Only about 10% of the energy is deposited outside of




The W — W, correlation I

(@ HERWIG

- O W, without FR (8 > 200mrad)
— & W W|th FR (8 > 25mrad)

= [ [ [

r (b) F2GEN pointlike

F ¥¢ W, without FR (8 > 200mrad)
; *- W, with FR (6 > 25mrad)

The correlation based on F2GEN is much stronger
The inclusion of the Forward Region significantly
improves the correlation




The energy flow for /See = M0

UN dE/dn [GeV]

Energy Flow
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The model dependence

as a function of XTig
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Some words about unfolding I

The Principle:
gt (u) = [ A(u,w) fP*"*(w) dw + B(u)

1. Our case:
gdet(u) — gdet(wvis)a Lvis — f(Etaga Htaga ins)
and fP2%(w) = FPart () which is related to 5, B(u)

Is denotes the background events.

. A(u,w) has to be obtaind from the Monte Carlo Models

=> Model Dependence, consider all reasonable models.

. The g9et

(®vis) distribution from the Monte Carlo is
changed during unfolding, by assigning weights to each
Monte Carlo event, in order to match the gdet (vis)

distribution of the data.

det

® Theg (®vis) distributions of data and Monte Carlo

agree afterwards by construction.

® Other distributions have to be used in order to check
whether the unfolding has also improved on them,

without using explicitly this variable.

4. The unfolding result should be independent of the F%' used

in the Monte Carlo. This is not true if F,' and the v* ~

fragmentation do not factorize.




The xy;s distributions

compared to HERWIG
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Unfolding tests using

{ { {
(a) mock data=HERWIG
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The error is dominated by systematic effects




OPAL results on Fy (z, Q%)
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A selection of
F) (z, Q%) measurements

compared to GRV (LO)
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The systematic error on Fz'y(zn, Qz)

Q%) () F) /o
(GeV?)
PLUTO | 0.145
9.2 0.385
0.720
OPAL 0.072
14.7 0.230
0.423
0.679
0.085
0.240
0.555

ax-range

0.35 £ 0.03 + 0.09
0.40 + 0.03 + 0.06
0.49 + 0.07 %+ 0.07
0.38 £+ 0.01 799
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0.41 £0.03 729
0.54 +0.05 7232
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The single contributions for OPAL (Q?) =14.7 GeV?
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dF; /d In Q? for ng = 4 = (udsc)

N
ol

' T T T ! T T T ' T T T
¢ OPAL (0.1<x<0.6) CELLO (0.2<x<10) -
TOPAZ (0.3<x<0.8)

FY (Q%udsc) / o
N
N
(6]

N
T T

4 TPC (0.2<x<0.74)
GRV LO (0.1<x<0.6)
GRV LO (0.2<x<0.9)
GRV LO (0.3<x<0.8)
SaS1D (0.1 <x <0.6)
HO (0.1 < x < 0.6)




dF; /dIn Q?for ng =3 = (uds)I
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The prospects of Fy at higher EbI

[ LEP (E; =45.6 GeV)
: LEP (E; = 85.5 GeV)
- Curvesfor: Ey =5 GeV and 0.060 < Ge <0.120




Conclusions'

Two-Photon physics is a very active field at LEP with
good prospects for LEP2

® Photon-Photon scattering

1. A number of resonances have been measured.

2. The flow of hadronic energy has been
compared to Monte Carlo models.

3. NLO calculations of jet production agree nicely
with the data.

® Electron-Photon DIS
1. Thereis in good agreement with QED

predictions and the measured FJ’QED
structure function and the ratio Fg /F5 .

. The F, structure function was measured for
7.5 <{Q?) < 135 GeV?2. The systematic
errors have a large contribution from the
imperfect description of the hadronic final
state by the QCD inspired Monte Carlo models.

and ...




Outlook'

What can we expect from LEP on Two-Photon
physics in the future

® Photon-Photon scattering
1. More resonances (see list).

2. Jet production for the direct component alone.

3. Determination of the gluon content of the
photon in jet production.

4. ...

® Electron-Photon DIS
1. P? dependence of Fy qgp-

2. Azimuthal correlations in hadronic final states.
3. F,) for 20 <Q?* < 1000 GeV?Z.
4. Double tag events.

S. e

The LEP2 programme has just started

slides:
http://wwwcnl.cern.ch/ nisius/talks/AACH280197/index.html




