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The programme...'

Introduction

. The photon and photon structure

. LEP and a LEP detector

. The Linear Collider (LC)

. Advantages of a Photon Collider (PC)

. Compton backscattering and background

Photon—photon scattering

. Total cross-section
. Jet cross-sections

3. Heavy flavour production

Deep—inelastic electron—photon scattering

. QED structure functions

. The charm structure function Fy’

. Bottom production

. The hadronic structure function F’
. Flavour decomposition of Fy'

. Polarized structure functions

. Hadronic structure function for virtual photons

Photon — Photon Physics, Holzhau 2-7 October 1, Richard Nisius Page 2



.nconﬁnuedl

Interactions of two virtual photons

. QED signatures
. BFKL signatures

a) Y*v* — hadrons
b) J /1) production

New signhatures

. Higgs production

a) yY — ho

b) MSSM Higgs
. Production of W-pairs
. Production of Z-pairs

. Single top production
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The ’history’ of the photon'

Date

Event

8.11.1895

1900

1905

1922

1927

1930

1936

1981

Rontgen discovers the X-rays

(first Nobel Prize for physics 1901).
Planck interprets light as ’energy quanta’
E = hv,withh = 6.626 - 10734J s.
Einstein explains the photoelectric effect
by 'photons’.

Discovery of Compton scattering

ey — e'~’.

Heisenberg formulates the uncertainty
principle e. g. AEAt > h.

Fist attempt to measure photon-photon
scattering by Hughes et. al.

First calculation of photon-photon
scattering by Euler und Kockel.

First measurement of the hadronic structure
function of the photon by PLUTO.

The Higgs Boson will be produced through
photon-photon fusion at TESLA?
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Properties of the photon I

Property

Mass (m) 0 (m/me<4-107%2, [1])
Charge (Q) 0 (Q/Qe<5-107% [2)
Velocity (c) 299792458 m/s

Spin parity (JF©) | 17~

Coupling () 1/137.03599976(50)

Task Carrier of the electromagnetic

interaction, no self-coupling

[1] Roderic Lakes, Phys. Rev. Lett. 80 (1998) 1826.
[2] Georg Raffelt, Phys. Rev. D50 (1994) 7792.
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The ’first’ photon — photon collider

anno 1930

90(\ (\\’@‘ = 550 < Ain < 30000 nm

‘ green-filter Aoy < 520 nm

Y1 (Ain)Y2(Ain) — 'Y;()‘out)'Y;()‘out)
Aout = Ain(1 4+ cosB)

No light was observed.

= Oyyyy < 3-10°% pb

A.L. Hughes and G.E.M. Jauncey, Phys.Rev. 36 (1930) 773.
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The reactionee — ee XI

e(E7.07)
e(pl,E)

e(E}.05)

d’pid’p;  o? (¢-p)° —Q*P* ]
E{E;, 1671Q?P2? | (p1 - p2)?2 — m2m?

1/2

++ 00

<4pf+p§ Torr + 2p7 T pYlory

+2P(1)OP§H_ULT + p°ps’ oL+
2|py " p3 |t cos 2¢ — 8|pT°pd °|Tr1, cos Qg)
—q? =2E E{ (1 — cos 0)
—p?> =2EE/ (1 — cos )
Q2
Q2 + W2 + P2
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damping ring

linear accelerator
Richard Nisius Page 12

positron
preaccelerator

electron-positron collision
high energy physics experiments

positron source

x-ray laser

Holzhau 2-7 October 1,

aux. positron and
2nd electron source

Layout of a future Linear Collider

damping ring

accelerator
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From LEP/ SLC to TESLA I

radius
length
gradient 23.4
aw/ay 110/5 1.4/0.5 | 0.553/0.005
energy 100 50 250
lumi. [103Y/cm?3s] | 7.4 0.1 3400
Lt [/pby] | 250 15 10-100k
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The expected Cross-sectionsl

assume: Lt = 100 fb_l/y = Eventsly

I I I
ee -e'e ee ->WW
+ — + -+ -
ee -uu ee o727
ee - qq
+ — - +
ee it ee —vyy
+ —
ee > 72y

T \HHH‘
—
\g-)’A

i

T _
ey—ey ey—eqq
ey—e”Z ey—seuu
ey—>vW

1

’ S I

7 7

! / !

/ / 1

‘l’ / I

/ I
4\\\\“‘ 1 \\\HH‘ 1 \\\HH‘ 1 \\\HH‘

800 1000
Vs [GeV]

> 50 GeV

= See,ev, vy

10 < 6; < 170 deg, M+, o5
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Charged particle pair production'

o = (mo/M?) f(x), x=s,,/4M?
7‘{(‘)\“‘\“‘\“‘\“‘\“‘\“‘7

5

5 O
oM

5 scalars
T™

0.1

e'e” >y >SS

fermions |

vy —> F'F-

S~y
4M?2

The photon collider has larger cross sections than the
eTe™ collider for several final states.
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The creation of the photon beam'

Spent electrons deflected
in a magnetic field Spot size for hard y

Polarized e-beam

Spot size for softy

Polarized laser beam

5-96
8047A507
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Some features of a Photon Collider

helicities non-linear effects

- 1 dLm_,
N LW dz

€

E x=4.8, 2P\ =1

 b)

I S T RN SR SR T N T ST S N S S

02 04 06
0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9

Photon energy spectra

TESLA(500)

1
0.9
0.8
0.7
0.6

05 |
04 [ (byjet collinearity)

R=lw;—w,l /we, R=lw;—w,l/wg,

0.3
0.2
0.1

Luminosity spectra
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Hadron calorimeters
and return yoke

Forward
detector

the detector

Electromagnetic
calorimeters

Solenoid and
ressure vessel
Presampler P
Time of flight

. detector
Silicon tungsten

luminometer

From LEP to TESLA

chamber

Vertex
chamber

Microvertex
detector

Z chambers
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The general detector concept
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Some features of the background I

¥~y — hadrons

Particle flow Energy flow

—500 GeV _<> 500 GeV dp
T o0 e 4 100 GeV
-+-10 GeV . L 9

[ ] 10 Ge\/o

=0.5

AN/An, An

On average this yields 3.7 hadronic events per BX.
For W, = 500 GeV one expects on average 25
particles within —2 < 1 < 2 and with

FEi... = 15 GeV.

Incoherent eTe™ pair creation:

10°% eTe™ pairs per BX with Eiot = 1.5 - 10° GeV,

and within the detector E = 2 - 10* GeV for
6. > 10 mrad and p, < 1 GGeV
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Photon — photon scattering'

Interaction of two quasi-real photons
vy — X
e.g. X (sy,) =£€7£7,qq, QQ, 2°2°, WTW— H

2E;E/(1 —cos8;) =0

o (5m) - (52)
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Leading order diagrams

v

Ty

hard interaction

Nr*’fp

i

single resolved
Single-Resolved: e .

/ 7

R/

<~—— point-like

T

~

hadron-like direct
Double-Resolved:

XX
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W distributions for anti-tagged events

e 189 GeV L3 data

— PHOJET
PYTHIA

] background

i

T

ot

it

e

i o ;
.

i

i o

ARk
Y
ARy

D

number of events / 5 GeV

bR,
000000000000 OO0 | |-
bR
Wik
bRl

KOO0 00X XK
m,

L
(OO00G00 oL |E |
e N
Bl OO R R
L L
50 100 150
W, [GeV]

10

T T T
183 GeV OPAL

.

100 120
W [GeV]

The acceptance for diffractive events is very different
for the PHOJET and PYTHIA models.
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The total hadronic cross-section O~

from PDG(00)

— o, =156* 98 4 0.0+ + 370 s np, PDG (00)

.~ ¢,=0.091,0.095
- - Xy, = 145,167 nb

T+ T { T T T T TTT

I'I'IIIII|IIIIIIIIII

-

(€)

20 40 60 100 120 140
W [GeV]

O rrrrrrT 11

The parameters are strongly correlated.

Photon — Photon Physics, Holzhau 2-7 October 1, Richard Nisius Page 25



9z abed SNISIN pJeydly ‘T 4agoid0 /—¢ NheyzjoH ‘saIsAud uoloyd — uoloyd

"eyep ayl Ul PaAI3Sgo Sl UOIID3S-SS0ID [e10] U] JO aSLI Jes|d v

[A2D] M

1=

(N8O 202-€8T)ET  ©
I4-TVdO —  (A®D€ST-T9T) TVdO @

. m
(00) m_uon_ E__ se0S *_omm + mm_o.om *@mﬁ_ -0 -

e bened i Ti T T e

Mo uonoas-ssold oluoipey 101 8y L




Predictions for the cross-section O'WI

—— proton-like

® EMM (Eikonal Minjet Model)
BKKS x 0.85 (Badalek et. al)

TPC
Desy 1984
m LEP2-L3 189 GeV and DESY 86
192-202 GeV LEP2-OPAL 189 GeV

2 3
10 10 10

Vs (GeV) W [GeV]

To achieve a 5-10% precision on W a Photon Collider
is needed to avoid the reconstruction of W from the
hadronic final state.
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The rise of the charm cross-section

as a function of W

L3

e Data
—— NLO QCD, m_ = 1.2 GeV
Direct, m_=1.2 GeV
----Resolved, m_ = 1.2 GeV /

4

fe)
S
X
1O
(&
/l\
E
©

R(S(W — hadrons) / 20
NLO QCD, m_ = 1.5 GeV

The charm cross-section rises faster than the total
hadronic cross-section.
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The inclusive jet cross-sections'

e full x_Yrange

OPAL . .
preliminaryy ® x,<0.75 &x, >0.75
+
Y

A X _<0.75

xr

4+ Yjets(EEP2)
v Zhad(Eipz)

f « doldE!" [pb/Gev]
*l |||||| |I| T

— NLO + Had. Cor.

PYTHIA

5 75 10 125 15 175 20 225 25 27.5 30
E [GeV]

LC

NLC
Vs = 500 GeV
n =0

L L L L L ‘ L L L L ‘ L L L L ‘ L L L L “ L E
12,5 15 17.5 20 22.5 25
p; (GeV)

The measurement will be extended to larger F%°
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The sensitivity to parton densities'

IIII|IIII|IIII|IIII|IIII|IIIIIIIIIIII

i e OPAL préeliminary

! + T

' — SaS-G 1D with MIA
SaS-G 1D w/oMIA

=== LAC-G 1lwith MIA
--= LAC-G1w/oMIA

[pb]

~
Ul

do/d |Anjet |
ol

N
U1

LEP II

. ]
T I IR SR N AR T SN AR T S ASraar i wivias SRR

05 1 15 2 25 3 35 4
| AN g |

o
OIIII

0 05

1) The gluon density f4/~ in the photon can be
constrained.
2) The simulation of hadronic final states must be

improved.
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ion
leptons from
the semileptonic decays or D* mesons.

E/p,
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Dedeteds
= DR
050K
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Differential D* cross-section'

s ALEPH Vs=183-189 GeV (prel )
e OPAL \s=183-189 GeV
v L3 v;189 GeV

Im” | <15 e€—eeD X

NLO (massless, Binnewieset al.) _
GRV,m_=15GeV ]
MR=pe2=Em, ]

do/dp” [ pb/ GeV ]

f(coD') = 0.267 -
£.=0.116 -

- [ INLO (massive, Frixione et aJ

GRS, ug =2m; ,f(c>D") = 0.270, €, = 0035
upper: m, —1ZGeV uR—ZmT(dlr)m /2(res)
lower: m, —1SGeV Ug = M/2(dir),2m-(res)
I...I...I...I...I

2 £ 6 8 10 12

D*
Compilation by S. Séldner-Rembold pT [ GeV ]

For pll?* > 3 GeV the data agree well and they are
satisfactorily described by he NLO QCD calculations.
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The heavy quark cross-sections'

35_! LA L L Y L L L Y L L L B L L L B I B I

F T T I T T :
0 ¢ OPAL -¢- data E
25 F -
- B PYTHIA: 51% direct 3

20 [ _ =
r [] PYTHIA: 49% singleres. ]

15 |

O
o
—
X
1.0
Q
1O
O
(b}

=
o

L3 D*,prel.

ALEPH lept. prel.
ALEPH D*, # direct,prel.
DELPHI D*,prel.

OPAL lept.,prel.
ALEPH D*

L3 lept.

OPAL D*, a direct

+
40 * 4o+ 0Om N

+

olee —>e
|_\
(@)

¥ AMY lept.,nt

¢ TOPAZD*1_lept. m =4.5GeV....
# VENUS lept. m,=5.0 GeV_, .
A TASSO D e
% JADE D*

O TPC/2yD*

E 150 200
S (GeV) Compilation by V. Andreev

The direct production of charm quarks is insufficient.
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Charm cross-section in 'y'yl

\

I TTTH
| IIIIII|

ole’e” » e'e” + cc(g)] [pb]

T TTTT

e m, = 1.6 GeV; GRV
-~ 2-res. *x 10

Trggfm ﬁ?RBMN ﬁ[EP ﬂlEPH
L |

ARLIAN

100 200
Vs [GeV]

. The calculation for the direct, 1-res (NLO) and 2-res
(LO) contributions are based on the EPA.

2 =m2/2,m. =1.6 GeV,W > 3.8 GeV.
. One expects about 107 cc events/year.
. The direct process is a pure QCD prediction with

o= f(me, ay).
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Charm production in 'y’y'

ayirg Love]

GeV?
F —— massless

L

ee® eeclc+X ;| ee® eecl+X

Gs =500 GeV 3 : Gs =500 GeV + -
y=0 I p=10Gev € €
Beamstrahlung + WWA i Beamstrahlung + WWA

e'e ® e'eclc+X : e'e ® e'e cc+X
(5 = 500 GeV | (5= 500 GeV
y=0 p, =10 GeV

Laser Spectrum [ Laser Spectrum

PR I S IS S B PR T T IS

5 10 15 20-2 -1 0
pr [GeV] Y

The NLO calculation uses the EPA integrated up to
Otag = 175 mrad and m, = 1.5 GeV.
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Search for bottom production'

e Data
— fit result L3
udsc contribution + bkg
B bkg(ee—qq,tt,WW,eetr)

Events/100 MeV

[ERN
o

Muon P, (GeV)

e Data
fit result L3

udsc contribution + bkg
B3 bkg(ee—qq,tt,WW,eetr)

Pe > 2 GeV,
0. < 0.725
Negy = 137

Events/100 MeV

=
o

€Ep — 1.25%
fo =42+ 11%

Electron P, (GeV)

Look at p; of the lepton with respect to the nearest jet
to tag bottom production.
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The LEP results on bottom production'

L3 D*,prel.

ALEPH lept.,prel.
ALEPH D*,prel.

DELPHI D*,prel.
OPAL lept.,prel.
OPAL D*, prel.
L3 lept.

ALEPH D*

- X AMY lept.,m_

[ ¢ TOPAZ D*it_lept. m_=4.5GeV.._,

- % VENUS lept. m,=5.0 GeV, |

| A TASSOD e
= JADE D*

| O TPC/2yD*

+

=
o

+ -

0
o
<
@)
0
1O 10
ILJ
(D)
(D)
T
(D)
Q
©

- -
| demT -t I

> \/éO(GeV)

o= = 14.9 & 2.8(stat) I 2.6(sys) pb

orr = 10.9 & 2.9(stat) = 2.0(sys) pb

L3: opp = 13.1 + 2.0(stat) =+ 2.4(sys) pb
OPAL(w) prel.: op = 14.2 + 2.5(stat) T23(sys) pb

The NLO QCD prediction falls short by 40!
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Electron-photon scattering I

e(E7.07)
e(pl,E)

e(p2,E) e(E,.05)

d*o d*NJ 2702 ¥ 2
dzdQ?dzdpP? X dzdpP? zQF Sy Fy (z, Q%)

1+ (1 —y)
—q* =2EE,(1—cos¥))
02
Q2 + W2 + P2
—p? = 2E E, (1 —cosb;) K Q*
a [1+(1—2)*1 2m? z

27 z P2 P4
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The muon pair final state'

Run:event 5198:229277 Date 940625 Time 211645Ctrk(N= 2 Sump= 7.3) Ecal(N= 3 SumE= 1.4) Hcal(N= 4 SumE= 3.3)
Ebeam 45.62 Evis 10.5 Emiss 80.7 Vtx ( -0.02, 0.04, 0.47) Muon(N= 2) Sec Vtx(N= 0) Fdet(N= 0 SumE= 0.0)
Bz=4.029 Bunchlet 1/1 Thrust=0.8469 Aplan=0.0012 Oblat=0.4878 Spher=0.4109

Event type bits

4 Low mult presel :
12 Tagged two phot !
22 S phot muon veto
32 "Phys1" seleclldn
1 ZO0 type physics
i

is ( 0.0000, 0.0000, 0.0000)

The muon pair final state is a clear topology with good
mass resolution.
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The world data on

2
F 2,QED

FTTTTTTTT T T T 11
[ % TPC/2y(0.14-1.28) (a) ]
——F

+ T 1T 1T T 1T 1T 17T T H

[ e OPAL(2.2)

(b)

()

[ m L3(1.4-7.6)

-"'-j

1 1 1 1 I 1 1 1 1 |
T T 1T 1T 1T T 1T TH
e OPAL(4.2) (d)]

[ & PLUTO(5.5)

i

o

11
T e OPAL(8.4)

() ]
?

<

o

X b

LI B B I B B B
x CELLO(14-35) ()]

:

al

L

T T T T I T T T T
" e OPAL (12.4)

|
1
® OPAL(21)

[OF

x

e OPAL (130,

(m)
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Azimuthal correlations'

ey — eup

1
do < 1— p(y)F)/Fjcosx+ Ee(y)Fg/Fgcos 2x

— 2 y)/1—
c(y) = pals =1, ply) = EULSE ~ 1

Helicity structure:

F): transverse-longitudinal interference
FJ: transverse-transverse interference

The x dependence gives access to other
structure functions besides Fy, .
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The structure functions

FX and Fg

—+ OPAL — Q°=54GeV?
L3 .. Q®°=3.25GeV?
F | DELPHI . Q*=125GeV?

_IIII|IIII|IIII|IIII|IIII|IIII
0 0.1 0.2 0.3 04 0.5

L.
X

= {

F ¢ OPAL — Q%=5.4GeV?
"w L3 --- Q°=325GeV?
A DELPHI -~ Q%=125GeV?

First measurement that goes further than
measuring the differential cross-section and
gives more information on the helicity
structure of the interaction.
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Production of tau pairs at LEPI

OPAL(93)

tracks/0.05

yy—>T17T"

First seen in y~v* — 771
TT — (e Uelr) (1 Dyrr)
Leptons identified by d E /dx

1 2
Te= (Tm _T}L>/(T6—TM>

| L3(00)

Cross-section for
Y~y — TT using

* L3 91 GeV (publ.) 7T decays into
= | .3 189-202 GeV (prel.)

— QED prediction (e DGVT) (71'71'01/7.)

oe’e »e’e1’t) (pb)

=
o

50 100 150 200
s (GeV)

o

Tau pair production has been measured at LEP.
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The hadronic final state.

Run:event 6422: 47694 Date 950817 Time 155240Ctrk(N= 8 Sump= 12.4) Ecal (N= 19 SumE= 46.8) Hcal (N= 6 SumE= 3.4)
Ebeam 45.64 Evis 58.0 Emiss 33.3 Vtx ( -0.05, 0.11, 1.11) Muon(N= 0) Sec Vtx(N= 0) Fdet(N= 0 SumE= 0.0)
Bz=4.028 Bunchlet 3/3 Thrust=0.7845 Aplan=0.0006 Oblat=0.4769 Spher=0.0370

Event type bii ts

4 Low mult presel }

8 Singl phot presel
12 Tagged two phot ,
13 Higgs high mult |
24 S phot EM ass TdF
25 S phot EM and TQF
26 S phot In-time TOF hadrons
27 S phot EM clus ;
28 S phot High pT tirk
30 S phot no H+MU wvet
31 long-lived decay;s
32 "Phys1" selec(idn

1 ZO type physics:

1

is ( 0.0000, 0.0000, 0.0000)

The scattered electron is clearly visible.
However, the hadronic final state may partly disappear
along the beam axis.
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There are significant differences between the data and

96)

the Monte Carlo predictions (OPAL
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The contributions to F})' (x, Q%)

F)(z,Q%) == Zc,f 63 far(z, Q%)

q
y v T
q

hadron-like, non—perturbative point-like, perturbative
e.g. VMD(p, w, @), low-x  high-x

IIIIIIIII|IIIIIIIIIIIIIIIIIIIII’\I'IIIIIIII
-- FY
I:2,had

Y

= F = T T T [T

—F

—F——F

=

0.1 02 03 04 05
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Charm production tagged by D*SI

T T T 1 T T
—— OPAL preliminary

— fit: 60.3 £ 10.3 signal events
wr ong-char ge combination

s M

\

?
— =
///////// s

N

i+
ya) &
/AY
T s

s
E
* LM
@ [
g
L
L
%,
N \

T

|

— ‘ —
NI, 1
o e

=

,,,/,1", A

.
& X
A |
. ‘uj:::;f"'
L
A
VA

-

017 018 0.19 0.2
Am [GeV]

A clear signal in the Am = M (D*) — M (D°)
mass spectrum is seen.
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The first measurement of FZC

point-like, purely pertur- hadron-like, depends on
bative QCD prediction, f; dominates at low-x
dominates at high-x

N
<Q2> =20 GeV? —+- OPAL preiminary
— GRSLO 2 NLO (Laenen et al.)
o

- point-like - - NLO hadron-like
-- LO

N NEIENR
1 1 L1 1 1 -1 L | 1 | 1 L.l

10

I~
N~

o
N
] T /

Rld(x,< Q%) /o

X =

OPAL Collab., Eur. Phys. J. C16 (2000) 579. (updated)
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FZC at the Linear Collider

- hadron-like = f,/~  point-like

L’["

NLO

I
-

-

|/'I I
-
-

Z

i ) | i [ o
\\\\‘\\\\‘l\r\\\‘\\\\‘\\\\7 ‘“‘“‘r““““““““;,“

5 15 20 25 5 15 20 25

o (GeV) o, (GeV)

Eiag/Ep > 0.5, 040 > 40 mrad, m. = 1.5 GeV, u = Q
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The pointlike contribution to F;h

charm versus bottom

IIIII""I""I""I""I""éIIII L L B

_Q _1oooeev P?=0,1,5GeV €
Q=100 GeV”
..... Q2 =10 GeV?

= 1.5 GeV

OIIII

01 02 03 O 4 0. 5 06 07 08 O 9

IIIII""I""I""I""I""iIIII L L L

—Q = 1000 GeV’ P*=0,1,5 GeV (b)
Q° =100 GeV*

..... Q%= 10 GeV?

m, = 4.5 GeV

\}
I*Illl|Il||||lII|IJII|I\I\II|IIII|IIJI|III1|II

0.1 0.2 0.3 04 05 06 0.7 0.8 0.9

X

Bottom is heavier and also disfavoured by the charge.
It may still be possible to measure F;,b at a Photon
Collider.
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Single bottom production at the LC
1) The method

Z° /~
ey A eb

DIS:
T T T ‘ T T

|

Solid — LAC set 1
Dash — GRV

Dot — DO
Dotdash — DG

=
)
@)
\
O
=
F
(@
<
\
o
T

Pr (GeV)

By virtue of the hard scale p;;, > 40 GeV > my,,
bottom is treated as a massless quark distribution
function of the photon.
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Single bottom production at the LC

2) Event rates

Solid — LAC set 1
Dash — GRV

Dot — DO
Dotdash — DG

Assuming €; = 50% for |6},| < 0.85 a distinction
between several predictions of bottom distribution
functions should be possible at a Photon Collider.
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The world data on F;I

— GRV (HO)

T IIIIIII| T T TTTTIT LI " S IIIIIII| T IIIIIII| T T 11170

0 OPAL(L9) C 0 OPAL(3.7)

— O

(b) 0 L3(50)

Q i
() oL3(L9 ]

1 |||||||| L il
102 10™

X

— GRV (HO)
x TPC/2y(1l31)

4

L x TPC/2y(024) PC/2y(0'71)

- O TPC/2y(0.38)

—~

1 —
_:dallll_
TR BT

d)
4=}:F’ILLJIT(=)(i4)= : I(fi + & PLUTO(4.3) (@)

x TPC/2y(2.83) T x TPC/2y(5.1)

0 OPAL(8.9)

%
|

a7
~ +

O TOP1AZ(5 1)

- AM Y (6.8) ® OPAL (9, 0)
il T T T | | | | |
[ 0 OPAL(17.5)
[ e OPAL(17.8)

° oEAL§145)- L3(108) A ALEPH rl, (13 7?L3(l

- w JADE(24)) T (h
& PLUTO(45.)
e OPAL (59,

ALEPH(9.9)
PLUTO(9.2)

-1
—~
~ L
N
P R |

CER g

)

IIIIIII|IIII|III IODIIlIII

[e OPAL(10.7)

ALEPH207) (1) F

I
T
AA

El

e

(23.1)

el

%: i .

73

® OPAL(30) | +

0 TOPAZ(16.) -
OPAL(13IE>) '

.. B 4 ALEPH prl.(565)
AMYaEy

« AMY (390.)
T

*

/\_
\=
~~
Q _

JADE(100.)

||||||||
m ot

3

T
*
0l

; N N
I:|TOPAZ(80) |:||_3(120) AALEPH(284 . ©OPAL prI (7%)

0.5 1

o
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Measurements at low Q2 and x

T T T T UL | T LU | T T T
e OPAL, <Q*=1.9 GeV? —GRV LO Q%=1.9 GeV?

* L3,<Q%>=1.9 GeV? ---GRV LO Q%=2.8 GeV?

s PLUTO, <Q%=2.4 GeV? SASID Q%*=2.8 GeV?

o TPC-2y,<Q>=2.8 GeV? ---QPM Q°=2.8 GeV?

- & OPAL,<Q%»=37GeV? —GRV LO Q%=3.7GeV?

|+ L3,<Q%=50GeV? ---GRV LO Q’=5.1 GeV?

| 4 PLUTO, <Q>=4.3GeV? SASID Q%=5.1 GeV?

o TPC-2y, <Q*>=5.1 GeV? -.-WHIT1Q%=5.1 GeV?
---QPM Q°=5.1 GeV?

GRV(LO) and SaS1D are slightly too low compared to
the data.

OPAL Collab., Eur. Phys. J. C18 (2000) 15.
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The Q7 evolution of Fy forny = 4 I

[ 60 OPAL ® JADE + AMY  — GRV(LO)_
| w0 L3 % PLUTO 0 TOPAZ --- ASYM i
¥ TPC «++ SaS1D i

[ 4A ALEPH (prl)

015 «

0.055 =

L 1 0.0055 =

||||| 1 1 ||||||| 1 ||||||| 1 ||||||| 1 L1 1111
107" 1 10 10

Q% [GeV?]

The general trend of the data is followed by the
parametrisations.
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Q2 evolution compared to linear fits

| ¢0 OPAL
w0 L3

| 44 ALEPH (prl)

1 0.0055 * - o

» JADE
¥ PLUTO

£ AMY  — GRV(LO) |
0 TOPAZ --- Fit _

107" 1

10

Fi=a+bln Q2

¢ b

O_l.l.llllll|||||||||||||||.I_

[

X

An increasing slope as a function of x is observed.
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The future of the F27 measurementl

OPAL (0.1< x <0.6) Y TOPAZ (0.3<x<0.8)
* AMY (0.3<x<0.8) AALEPH (0.1< x < 0.6)
® JADE (0.1<x< 1.0) vYL3(0.3<x<0.8)

$PLUTO (0.3<x<0.8)

—0-

- % TPC (0.3<x < 0.6)

- GRV LO (0.2 < x < 0.9) SLC1(0.1<x<0.6)

-~ GRV LO (0.3<x<0.8) 4LC2(03<x<0.8)

— GRVLO(01<x<06) |
SaS1D (0.1 < x < 0.6)

* HO (0.1<x<0.6)

--- ASYM (0.1<x<0.6)

AN

.\\

Eiag/Ep > 0.5
LC1: Otag > 175 mrad
LC2: Otag > 40 mrad

IIII|IIII|IIII|IIII|'4'1\II|I

10 10° 10° 10%

Q*[GeV?]
The Linear Collider will play an important role in

testing this fundamental prediction of perturbative
QCD.
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Photon spectra for F; measurementsl

T T T I T T T I T T T I T T T I T T T

T IIIIIIII
1 llllllll

T IIIIIIII

1 llllllll

T IIIIIIII
1 llllllll

,
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I

|
P N A T SR T (NN TR ST S N I R

0.2 04 0.6 0.8
Y4

lllll

O IIIII
=

Used parameters:

LC(WW): € = 10% for tagging the electron that

radiated the quasi-real photon

PC(BL): FE,~ 0.8E,and AE, = 0.1E,
Further assumptions:
Ei.; > 50 GeV and 055 = max(3%, ostat)
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The W reconstruction'

Aggressive  EPA flux
Conservative

1/N dn/dW
| \HHH‘

O1adrons > 30 mrad

Onadrons > 80 mrad T T + T
| [ | ‘ | [ | ‘ [ [ ‘ [ [ ‘ | [ | ‘ | | | \ | | |
300

50 100 150 200 250

400 450
W (GeV)

>
@)
)
2
>
=

| _»’_"v- o ¢. ¢ +++

50 100 150 200 250 300 350 400 450
W (GeV)

o

As usual, the forward region is vital for good W
reconstruction.
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The @ reconstruction.

[EY

Aggressive

T T ‘ T \E\ T ‘ \E\ T ‘ T T T L
E l“aﬂf.. W:230 gev

o,:
....... .Q.Q.‘.

Conservative

1/N dn/dx
T T T 1 HH‘
Ratio Wrec/W

W 150 gevg

\+h\ HH‘
-4 10 -3 10 2 10 100 200 300 400
W (GeV)

o

Ovradrons > 30 mrad
Onhadrons > 80 mrad

X
o
~

c
©
Z
~~
i

For WW" > (0.8 thereachin x is

4-10"%*0or 1073 for Onagrons > 30 or 80 mrad.
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The sensitivity to o at large az'

1 T TTHHW T THTHW T THHTW T TTTITT T TTTT T TTHHW T THTHW T TTHHW T TTTIm T TTTTT
0.8 Fz (X,Q )/OC

0.6

04

x=0.2

ERERTTTT B ETETRTT EETETRRTT BTSRRI BT IR R EETRTT umfu[ ERRETTT B

T TTHHW T THTHW T THHTW T TTHHW T TTTT T TTHHW T THHTW T THHTW T TTHHW T TTTIT

x=05 | 5 7 .

ERERTTTT B ETETRTT EETETRRTT BTSRRI BT vl v vl il

T TTHHW T THTHW T THHTW T TTHHW T TTTT T TTHHW T THHTW T THHTW T TTHHW T TTTTTm

1

0.98

x=08 ---0120 ] 09

1 XHHM 1 XHHM 1 lHHM 1 XHHM I 1 XHHM J'XHHM 1 lHHM 1 XHHM Ll

10 10 10° 10* 10 10 10° 10*

Q?/ GeV?

The normalisation of F}’ depends on a.

However, only very small effects are predicted:
e.g. at x = 0.8 a variation of Ao, = 5% means
AF) = 3%. This will be hard to measure.
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Effective charge and cross-section'

0.44 — 0.60

down

\/Sey = 400 GeV

Q2 min [ GeVZ]

This gives 10* CC and 4 - 10% NC events per year.
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Predictions of the u to d ratio I

asymptotic
solution

u/d
Q? =5 x 10* GeV?

| |
0.6 0.8

At present the predictions for the u to d ratio vary
within a factor of 2 to 3.
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Polarized parton distributions'

Definition:

AfY=fF

XAu'lor
Q%= 10 GeV?

NLO (DIS,)

- fz+ fOI’f =4q,q,9

T T T TTTT T
I

'min." input

T T T | T T T | T T T | T T T | I“ T T

XAg'lo

'max.’ input

'min." input

10

Asymmetries:

Ac — o(++H)—o(+-)
= o(+H)+o(+-)

At present we have NO experimental information on A f7.
Constraint: Ao < o = |Af7(z,Q?)| < f(z,Q?)

Fullfilled for A £

oy
Afhadron—like .
Choices:

A«fl:z/adron—like(:B’ “2) —

point —

7 (x, p?)

like but needs to be enforced for

('max input’)

('min input”)

Experimental information is highly desirable.
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The ratio g{/ F from DIS

?

llllllllllllll

T llllllll T llllllll T T T

3
R
=2
8
|

lllllllllllllllll
lllllllllllllllll
llllIllllllllllllll

llllIlllllllllllllllll

11 1 l | I l 11 1 I 1

L

stat errors

IIIIIIIIIIIIIIIIII llllllllllllllllllllllll

T 11T I L I L I L
11 | l 11 1 l 11 1 I 11 1
LI I LI I LI I T

lllllllllllllllllll

“’F
F

10°

Q” (Gev?)

=
o
=
o

Ao gﬂly
Asymmetry: — X =
y y o Fiy

with: g7 o< Aq” + a,Ag”

The structure function g is mainly sensitive to
quarks. Use F{Y from unpolarized DIS to determine the
polarized distribution function Aq”.
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The di-jet sensitivity to Ag” I

pr"=5GeV, In7,| <2

T T I T T T T

VS=500GeV T

For double-resolved events A% ¢t js mainly sensitive
to gg — qq, but also other processes contribute.
—> Use effective parton distribution function.

Extract Ag” from A2~ together with Ag” obtained
from DIS. A Photon Collider is probably needed.
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F) for virtual photonsI

o
[

| SaSID (1P2=2)

Q% =30GeV?
. P?=0,0.05,0.5,1.5 GeV?

F (x,uds) / o

o
I

The absolute predictions agree for P? > 0.5 GeV?,
when using SasSiD (I P2 = 2)
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The cross-section for double tags

* ok

_ Y _ _
forete™ — efe " utu

(a)
<Q*>=36GeV?
<P>=23GeV?

do / dx [pb]

|

IIII|IIII|IIII|IIII|IIII|IIII -_—llilllllllllll

0.1 0.2 0.3 04 05 06 07 08 0.9

O

(b)
< Q%> =14.0 GeV?
<P? = 50GeV?

do / dx [pb]

ol

0.1 0.2 0.3 04 0.5 0.6 0.7

o
O rrryrrorTT

QED agrees well with the data and the
presence of the interference terms is clearly
seen for the first time.
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O~ x~* as a signal of BFKLI

C
i
k1

*
5

=

o DGLAP evolution’

Eond
N
D
=+ ,n
<Q
N
Bl
RS
2
*

™
+

1) Take Q7 > A2QCD and Q% = Q3 to allow for a
perturbative prediction without DGLAP evolution.

2) Look at a region where the phase space for gluon
emission is large = W? > Q?, Q3.
3) Define:

SY1Y2
V@303

and measure the cross-section as a function of

YorY.

Y =In
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O %% from OPALI

« OPAL
PHOJET 1.10
QPM
----- - Kwiecinski et al.
Cacciari et al. (NLO)

I

R

OIIIlIIIlII

e el
oON MO

O N B~ O 0

0

1) Bartels99 —> LO BFKL is too high.
2) Cacciari et. al = NLO DGLAP QCD is sufficient.
3) Kwiecinski et. al = HO BFKL also fits the data.
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BFKL expectation for large WI

(HO) Kwiecinski et. al.

100

W [GeV]

1) LEP probes the region for W up to about
100 GeV and (Q?) =~ 15 GeV?2
2) The Linear Collider will extend the region to larger

W2 for moderate Q?, giving access to large Y.
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QCD Pomeron and J /1) production'

—KC, so=0.04 GeV?2
KC, so=0.16 GeV2

= sO=0.04 GeV?
sO=0.16 GeV2

=
~
=
=
~
=
I
?\
A9
L

0. < 30 mrad
So = infrared cut-off

1 1 I
100

W [GeV]
o(ete™ — ete J/¢ J/v) = 0.75 pb.
This yields 75k events for L£;,c = 100 fb™, but the

J /1) are mainly produced at low angles =>
acceptance?
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Properties of J /1 J /1) — 4p,I

J/p — ptp~ PYTHIA
BR = 6%

Events/Bin
Events/Bin
I N N |
\

100 200 300 20 40 60 80
W2 (GeV?) Polar Angle (degrees)

o

Forp,, > 2GeV and 6, > 20/100/150 mrad the
acceptance is only 40/17/10%, which yields about 10-100 events
for Ling = 100 fb~ 1.

With small acceptance and branching ratio a large
luminosity is needed to observe the process.
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Higgs search in vy — hg — XXI

"y’\/\/\/\/\/\/\/\/‘

fy’\/\/\/\/\/\/\/\/‘

. The Higgs is produced as an s-channel resonance.
A measurement of I'(v~y — hg) is very
fundamental as it is sensitive to all charged

particles in the loop which couple to the Higgs.

. The required accuracy for I‘('yfy — hO) Is at the
few percent level to be sensitive to new particles in
the decoupling limit.

. Combined measurements of I'(vy — hyg) and
BR.(hg — ~~) at the eTe™ and ~~ collider
provide a model independent measurement of the

total width of the Higgs.
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Higgs production v — hOI

—
O, pb

100 120 140 160 180 200 220 240

M, , GeV

ooff — dL~~ Mp, 47"2F(’Y’Y — hg)(1 — A1 2)
7 AWy Loy MEO

Good prospects for «v=y production of Higgs bosons,
because of the larger cross-section and the reach to
higher masses than for eTe™.

Photon — Photon Physics, Holzhau 2-7 October 1, Richard Nisius Page 87



¥y — hadrons as underlying event'

dQ = d¢pdn sin? 6

2E,=500 GeV 2E,=100 GeV
= Wqy

<n>=3

L
VAN
VS
M
@)
\V4
<
<
M
o
\V4
S
<]
N—"
-
o
L
>
=
e
O
o)
O
(-
o

E, GeV

1) The energy resolution for a jet of 100 GeV energy
is about 3 GeV.

2) Assuming two vy — hadrons reactions per
event, the probability to have an additional energy
of 2 GeVinajetatn = 0(2) is 1.5(60)%.

3) The background potentially degrades the mass
resolution, especially at large rapidities, and most

likely has to be measured directly from the data.
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The test case vy — hg — bl_)I

. To reduce the continuum production of bb and c¢

one needs to select J, = 0, because then
o(vy — qq) x mq/W,,.

. In addition, good b tagging and c suppression is
mandatory.

. Assume 100% laser and 85% electron polarization
and run the collider at y/Sce = Mp,, /0.8 such
that the Higgs mass corresponds to the peak of the
¥~y luminosity spectrum.

. Use additional cuts to further suppress the
background.

For L, = 43 fb~ in the peak, which means about
400 fb~"' eTe™ luminosity, I'(vy — hyg) can be

determined with a precision of about 2-10% in the
mass range 120 < M, < 160 GeV.
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Search for MSSM Higgs bosons'

BR(A)
tgp =7 ]
M /i = 200/200 GeV

BR(A — XX)

R T I T S S
300 350 400 450 500 550

600
M, [Gev] MA [GeV]

T T T 1
<o(yy — bb)> [fb]
tgB =7
A=%3 GeV
[cosB]| < 0.5

_ W/oSUSsY

M,Ju = 2007200\ 200/~200 GeV |
| .background |

=
)
0

1

?\
£
b

200 . 250 300 350 400 450 500 '550 600 650 . 700 Z‘[
M, [GeV] A [GeV]

Good prospects for vy production of MSSM neutral
Higgs bosons up to M 4 = 400 GeV in a region of
parameter space where the LHC is blind

[tan(3) = 7, My /pu = 200/200 GeV].
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Some v~y and e~y cross sections

—\—'17\\‘

-]

vy —> s

yy—>ete T
(Icos,,l < .8)

~

~

1

Yy —> WWH, o

ey —> WHv 4

n
[l ol e b e e ey

200 400 600 800 1000 1200 1400 1600 1800 2000
CM ener GeV
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Conclusion'

. The Linear Collider is an ideal tool to investigate

photon—photon physics at the highest energies.

. The tagging of electrons down to the lowest
possible angles is a challenging task, but it is
mandatory to achieve overlap with the results from
LEP Il in several areas, i.e. structure function

measurements.

. Due to the high centre-of-mass energy, especially in

the Photon Collider mode, new channels (Higgs, W,

Z0, LQ, ...) are open to be copiously produced.

. For some of the reactions the Photon Collider
extends the reach of a eTe™ Collider significantly,

and in some cases it is unigue.

Much work is ahead of us to bring a Linear Collider to
life, but it should be fun and the physics potential is

certainly worth the effort.

Slides: http://home.cern.ch/nisius
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