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Or why we would need a photon
collider

ILC-ECFA, june 10, 2008, Warsaw 2 6/12/2008



Why total cross-sections

* One needs to know their values for
background calculations

But they are also of

e Fundamental interest to understand
particle structure

ILC-ECFA, june 10, 2008, Warsaw 3 6/12/2008



Total cross-sections are a
testing ground of our
understanding of QCD beyond
perturbative regime

ILC-ECFA, june 10, 2008, Warsaw 4 6/12/2008
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look alike?
e Yes

— They all start falling and
then rise with energy

4+ AN
|
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U0 Qi Jold

and
* No
— They fall with different slopes
at low energy

— They may be rising with different slopes
at high energy

ILC-ECFA, june 10, 2008, Warsaw 5 6/12/2008



Difference at low energy?

* Quantum numbers in the s-channel give rise to
different resonances in the very low region

* Quantum numbers in the t-channel bring in different
Regge pole exchanges and through FESR different

power law decrease with energy

Ctotal = 8 with n =~ 0.5

ILC-ECFA, june 10, 2008, Warsaw 6 6/12/2008



Difference at high energy?

* Not well understood yet

 Pomeron exchange was supposed to give
universal behaviour

— Soft Pomeron  tota ~ ¢ with €~0.09 \g |

* [t violates the Froissart bound
Ot <log?s

ILC-ECFA, june 10, 2008, Warsaw 7 6/12/2008



What to do for photons?

The simplest version of the Regge-Pomeron
model

shows that ¢ is not the same for proton and
photon cross-sections

ILC-ECFA, june 10, 2008, Warsaw 8 6/12/2008



QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

 from L3 fits

ILC-ECFA, june 10, 2008, Warsaw 9 6/12/2008



C£0 e=0093
1=0.418

e Fit1
C=0 €=0.250

« Fit2
C=0 €=0.093 asin pp

ILC-ECFA, june 10, 2008, Warsaw



Clearly to understand total
cross sections we need
models which work for

protons and photons as well

ILC-ECFA, june 10, 2008, Warsaw 11 6/12/2008
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The proportionality factor: from
protons to photons
-from pp to py to yy—

M

ILC-ECFA, june 10, 2008, Warsaw 13 6/12/2008



The narmalization farcrtar
TITGO TIVIETIIAMITAWATTIVIT | GG T VI
photon 2 1
fermion lines
fiy ® 0QED | had ~ (1)
Nfgr;ﬂiﬂign lines 300
4o 1
Phed = Pvymp = Z 5 (2)
Ve=pw.d fV 250

where the sum extends to all vector mesons,
not just the p. If only p, then

R’?’ ~ Phad (3)

ILC-ECFA, june 10, 2008, Warsaw 14 6/12/2008



EArdA A fAartAari=atiAa
rTACTors used in racrorizatrion
models

R, is just a multiplicative factor

P..4 1S @ phenomenological input describing
the hadronic content of the photon in
eikonal models

R.Fletcher, T.Gaisser. F.Halzen, 1993

ILC-ECFA, june 10, 2008, Warsaw 15 6/12/2008



Models for
protons

* Regge - Pomeron exchange,
power law type terms,
Donnachie-Landshoff

oL ogarithmic fits and power law
Cudell et al.

Eikonalization and b-distribution
Block and Halzen
[_una-Menon
Bloch-Nordsieck Model
GGPS

. A. Achilli,R.M.Godbole, A. Grau,
G.P.Y.N. Srivastava

Phys. Lett. 2008
ILC-ECFA, june 1u, 2UU8, vvarsaw

—— |
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a,=48.0 mb p=0.75p,,,=1.15
| DLhp  Donnachie-Landshoff, PLS sa5 383 (2004
120 a Cudell et. al. hep-phios: 2044
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C  Block-Halzen  PRD 73 054022 (2006)
* d Donnachie-Landshoff, PRL B2GS 227 (1002 S
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The Bloch-Nordsieck model for o,
1. QCD mini-jets to drive the

2. resummation of soft gluon emission down
to Z€10 momentum to the rise

3. eikonal representation for the total cross-
section to incorporate the mini-jet cross-
section, using an impact parameter dis-
tribution obtained as the Fourier trans-
form of resummed soft gluon transverse
momentum distribution.

ILC-ECFA, june 10, 2008, Warsaw 17 6/12/2008



The hard scattering part

* Q9,99 and mostly
gd

Minijet cross-section depends upon

. parton densities
— GRV, MRST, CTEQ for protons
— GRS, CJK for photons

. p, cutoff py,n=1~ 2 GeV

ILC-ECFA, june 10, 2008, Warsaw 18 6/12/2008



In all mini-jet models densities make all the difference
between photon and proton processes

Proton-proton and y—proton and yy
proton-antiproton

Most commonly used

Most commonly used densities
densities - GRV
+ GRV © GRS
»  Cornet Jankowsky
« CTEQ Krawczyk Lorca
« MRST

ILC-ECFA, june 10, 2008, Warsaw 19 6/12/2008



6. . forn. .=115 GeV
~jet '¥T Fimin™ &2 M=V

=10000
E
o2 o for various LO densities
>0 . Pumin=1.15 GeV GRV
8000 I-
e B - GRV98
8000 GRV98 '
5000  ----- GRV
4000 5?. ,
green band MRST ;1 CTEQ
3000 J
2000
1000 J
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Vs ( GeV)
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For all densities we find

.|”_|' JF

E
.."5" ( 8 Ptrnin) == 8

with
e~ 0.4 for GRV and GRVI98 — more singular

e~ 0.3 for CTEQ and MRST — less singular

ILC-ECFA, june 10, 2008, Warsaw 21 6/12/2008
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Qu VI j Vi
FronssarT bound

» Consequence of infinite range of QCD

* One needs to introduce a finite distance
of the interaction

* The eikonal does it through the hadron
finite size

ILC-ECFA, june 10, 2008, Warsaw 22 6/12/2008



* The finite size can be introduced through
the Form Factor

A(b)~ e -bconstant 55 K ~ very large :

not enough to tame the rise because the growth of
et " is too strong!! G.P. et al. PRD 2005
or

We shall use an energy and PDF dependent soft gluon
emission down into the infrared



Soft gluon emission from scattering particles

softens
the rise and gives b-distribution

o d2P(K )
Anv(ih, = N d°K —iK.b =
mn(b, s) / L€ 22K
d?P(K ) _ 1 32F iK1 b—h(bguas)
2K (2m)2

frmaz
h(g- Gmaz) = f dBﬁ(k}[l — E_m'.b]
0

Gz Ct'.-,-{'i‘ﬂ?l} ks 20max —iky-b
. I |G 1 . TR
/D 8w Kk ? ket [ j |

i

Soft gluon emission factor

ILC-ECFA, june 10, 2008, Warsaw 24 6/12/2008



Soft gluon emission factor

Grma: as(k2) dky 20max —ike-b
A - [¢ l-e™ -
/: 8 ki 7 ki [ j |

Jmay IS the maximum transverse momentum
allowed by kinematics to single soft gluon emission
In a given hard collision, averaged over the parton
densities.

M. Greco and P. Chiappetta

ILC-ECFA, june 10, 2008, Warsaw 25 6/12/2008



a(pq) +a(p,) — g +Q

2 —
Q=S jet

N\
s=(py +p,)?

Chiappetta & Greco
1982 x/TE (1— Qj)
]

dmaxr —

ILC-ECFA, june 10, 2008, Warsaw 26 6/12/2008



n o
o y Vv
CTEC
L < GRV9S
E q,,., for hard processes
= foF various LO densities :
... CTEQ
. _.GRV
x\\l
¢ . CTEQ
1
0.5
0
1 10 10° 10° 104
Vs ( GeV)
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What about the k;—0 limit for o ?

Modeling the infrared behaviour

* frozen
*Our choice : singular but integrable, phenomenological choice

ILC-ECFA, june 10, 2008, Warsaw 28 6/12/2008



Our model in the infrared

 Singular but integrable

127 P
2
33 = 2N}10g[1 + p(35)7]

as(k?) =

« Singularity regulated by p < 1

ILC-ECFA, june 10, 2008, Warsaw 29 6/12/2008



Soft gluon resummation effects

h(b} S} m— fdﬂﬂg(k)[l - E_ﬂ{t"h]\
Virtual  ©nergy-momentum
conservation factor

luons
9 for real soft gluons

\ Model

Fng(k) oc as(ki) Apgra(b) o = @NF

S

t 12/2008



At very large energies :

5r(s) ~ 2 /D T (db?)[1 — e hara(b:5)/2],

ﬂ’hurd(b? 5) — Ujﬁﬁ('g)‘qhurd(b-.- 5)

4

ojet(8) = (8/50)01.

ILC-ECFA, june 10, 2008, Warsaw

where

\

Ahurd(b: 5:’ x E_h[hﬂ

h(b,s) = fﬂlzng(k}[l — e tkeby

T OT T =l =T oT9




From power law to log behaviour
Ahmﬂd(b) O E_(b{?)gp G(S) — Aﬂ(SfSu)ccrl

- ") , _ 2
ETT(S) _ Eﬂf dbz[l - E—L{E}E (bg) 3'3]

o

°57(s)] — (2m)[InC(s)]*/P Main

result
or(s) m— [In s M/P EM

ILC-ECFA, june 10, 2008, Warsaw 32 6/12/2008



Comparison
with proton
data

R.Godbole,

A. Grau

R. Hedge

G. Pancheri

Y. Srivastava

Les Houches 2005
Pramana 67 (2006)

GGPS PRD 2005

ILC-ECFA, june 10, 2008, Warsaw

0,(mb)

G.G.P.5. model, PAD 72, 076001 (2005)
140 using GRV and MRST P.D.F. a
— G.G.P.S. model, using GRV P.D.F. DLhp| -
0,=48.0 mb p=0.75 p,,, ,=1.15 3
DLhp  Donnachie-Landshoff, PLB 585393 (2004)
120 | @ Cudell et. al. PRD 73 034008(2006), hep-ph/061 2046

A b Luna-Menan, hep-ph/0105076 b

|i ©C Block-Halzen PRD 72054022 (2006)

* d Donnachie-Landshoff, PRL B296 227 (1892) E
100 ;
80

® UAS
A A UAT
o UA4
60 ‘A + CDF
A 0O E710
1 ¥ EB11
o proton-proton
40 37 4 proton-antiproton
2 3 4
10 10 10 10
Vs ( GeV)




For all pdf's

* For different PDF , with soft gluon emission to give

an energy dependent size and QCD hard gluon
minijets to drive the rise

* All the Bloch-Nordsieck type curves

ﬂf&sﬂﬂ = ap + @13 + a- In(8) 4 a3 In“(s).

even though o 1 8

ILC-ECFA, june 10, 2008, Warsaw 34 6/12/2008



Protons and photons

Once you have a model for protons

How to you extend it to photons?

— factorization
* just a multiplicative factor
 Regge and Pomeron vertices

— Fully apply the model to photon structure

ILC-ECFA, june 10, 2008, Warsaw 35 6/12/2008



Brute force factorization

g 2000
022 % 1800 GRS p,,;,=1.2,1.3,1.4,1.5 GeV BN
z U = .
E Photoproduction data before HERA soft from BN in p/pbar and P,,,=1/240
LE o2 = ZEUS 95 Preliminary 1600
cHiss 1400 (o from BN)x(1/330)°
0.18 4 ZEUS 92 and 94
) 1200
0.16 Aspen Mode m LEP2-L3 189 GeV and 192-202 GeV
— G.G.P.S. model 1000  ® LEP2-OPAL 189 GeV
0.14
800
0.12 b e et 500
st
> * from BN)/330 400 B o
(o™ from )] TRG
0.08 200 Desy 1984
Desy 1986
0.06 0' s .
10 10° 1 10 10° 10°
Ve [ GeV ) vs (GeV)

. B Multiplication factor (1/330) or (1/330)32

« Ok.foryp
* Not so good for yy: could be off by a factor 2

ILC-ECFA, june 10, 2008, Warsaw 36 6/12/2008



We can apply the

Eikonal mini-jet Model cum Soft Gluon
resummation to vy

ILC-ECFA, june 10, 2008, Warsaw 37 6/12/2008



Choose p;,.;, = 12 GeV for mini-jets
and parton densities

For photons, LEP data
suggest

o ~ 1.3 = 1.8 GeV
* Gluck Reya Vogt
* Gluck Reya Shielbein

 Cornet Jankowski Lorca
Krawczyk

- Ptmin

...... CJLK densities
“L.__ GRY densities -

QCD LO integrated jet cross-sections
=1.3 GeV~’

" GRS densities -

2 3
[0 ‘-.'.!i{ (f-[‘\r-l? L0

ILC-ECFA, june 10, 2008, Warsaw

38 6/12/2008




Eikonalize o©,,,22P,_ Jd2b [1-e"N(bs)2]

2000 :
i Aspen Only e|k0na| +
1800 ' 3=
i EMM P, =1/240 / mlnljetS
1600 L--- GRSEMM p, ; =1.5 GeV k,=0.4 A=0
. — GRS p,,,=1.32 GeV BN, soft from 1/2(p+ppbar) ;
1400 L CJKL ptmm=1.ﬁ,1.fli,f Geu:l :32?1 -
i soft from pp+ppbar P . . ae
200 | ! Eikonal minijets
[ m LEP2-L3 189 GeV and 192-202 GeV + soft gluons
1000 - @ LEP2-OPAL 189 GeV i
800 |
600 [ - _
: “ M. Block &
I R F. Halzen
[ =T TPC
200 T Desy 1984
i Desy 1986
u [ 1 1 1 Lol
| ~ a7 2 3
10s (GeV) 10 10
ILC-ECFA, june 10, 2008, Warsaw 39 6/12/2008



* Predictions at ILC vary according to which densities
better describe the behaviour at low x

« Total cross-sections measurements in Collider mode
would allow clean information on vy cross-sections,
reducing the errors due to modelling of diffractive
components

« Even in regular mode, difference in the model
predictions are measurable and can give insights
into the soft or non perturbative region of QCD.

ILC-ECFA, june 10, 2008, Warsaw 40 6/12/2008



The BN Eikonal Minijet model
includes k; resummation

R.Godbole, A. Grau, G.Pancheri, Y.Srivastava PRD 2005
A. Corsetti, A. Grau, G.Pancheri, Y. Srivastava PLB 1996

1. Multiple parton interactions : optical theorem and eikonal
representation for T (s,t)

2. Hard scattering to drive the rise due to 1/x
3. Soft gluons down to zero momentum to tame the rise

ILC-ECFA, june 10, 2008, Warsaw 41 6/12/2008



The hard cross-section

* Mini-jet cross-section

ﬂ

>/ densities Jdp, d6/dp,

ILC-ECFA, june 10, 2008, Warsaw 42 6/12/2008



Iﬂ ~rlAarnea 1A Andd
| 11 9 ” SUV] |

<
<
-y

l 1<
emission?

P:min @Nnd p regulate how large is the
maximum energy , but PDF’s also play a
role

h pa

- P,... €==» hard scattering lowest scale

- p @ infrared (integrable) behaviour

ILC-ECFA, june 10, 2008, Warsaw 43 6/12/2008



Example of Eikonalized proton-antiproton total
cross-section for ptmin=1.15

120

c:r1ﬂ1{mb}

110 O for various LO densities

100 - ----- GRV
.......... GRV98
CTE
ao Q
80 MRST
70
&0 r
4
50
40 e ot ___,_,--"""’ ptmm:1 15 GeV
30
2 3 4
1 10 10 10 10

Vs (| GeV)

ILC-ECFA, june 10, 2008, Warsaw 44 6/12/2008



b-distribution for hard collisions from soft gluon
resummation for ptmin=1.15 GeV for singular o,

F]Ilr“’uﬂ

10

-2
A (b.LHC)(GeV?)

10

10

10

10

10

10

10

-10

10
0

2

=1.15 GeV
....... GRY densities
CTEQ
MBST?6
vs=14 TeV
4 6 8 10 12 14 16 18 20

ILC-ECFA, june 10, 2008, Warsaw

45 6/12/2008



How the model works

Choose p,,, = 1+2 GeV for mini-jets

Choose parton densities

Calculate minijet x-section

Calculate q,,,, for soft gluons
Calculate A(b,s) for given Q.
Calculate Mharg (b,S)=A(b,S) Gjet(ptmin’s)
Parametrize n

Evaluate n(b,s)= N« + Ny 4qg

Eikonalize o,,~2[d2b [1-eN(s)2]

ILC-ECFA,

june 10, 2008, Warsaw 46 6/12/2008



Zero momentum quanta

» Soft gluons need to be
resummed if they are
indeed soft =1/k

 Resummation implies
iIntegration over dk;

 What matters will be
Jorg (k) dk, f(k,)

and not o(0)

Models for infrared behaviour

FROZEN

Q!s (E_tj = G‘nsf-

ﬁﬁ'! o —tnad

..-'ai'lv ..-I- RE
(d zf')

o™~ (ré Y = _ p o M
:* !‘l'!..!ﬂ 201 €

ILC-ECFA, june 10, 2008, Warsaw

47 6/12/2008



An aside on the Froisart
bound and minijet cross-
sections

ILC-ECFA, june 10, 2008, Warsaw 48 6/12/2008



St . Should € be the same for all hadronic

cross-sections?

 Yes if the model

— is based on Regge poles
and a universal Pomeron
pole exchange

o=Bs™M + As®

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

* Not necessarily if

— The model has some
connection with QCD and
parton densities play a role

ILC-ECFA, june 10, 2008, Warsaw 49 6/12/2008



A fit to LEP data shows that ¢ is not the
same for proton and photon cross-
sections

ILC-ECFA, june 10, 2008, Warsaw 50 6/12/2008



A realistic QCD model should relate the
fit to QCD phenomenological inputs

quantities like densities etc.

ILC-ECFA, june 10, 2008, Warsaw 51 6/12/2008



Models for total cross-section

* The interest lies in QCD
role

* What is the Pomeron? N el
The Reggeon? !

 Are these concepts N, *.,"
universal? wo| e

° Or do they just 192-202 GeV L] LEF;2-OPAL 189 GeV 3
phenomenologically fe 0o
describe our ignorance?

* How can ILC/LPC help 7 A.de Roeck, R. Godbole, A. Grau, G.Pancher

JHEP 2003

ILC-ECFA, june 10, 2008, Warsaw 52 6/12/2008



St . Should € be the same for all hadronic

cross-sections?

 Yes if the model

— Is based on Regge poles
and a universal Pomeron
pole exchange

o=Bs™ + As®

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

* Not necessarily if

— The model has some
connection with QCD and
parton densities play a

role

ILC-ECFA, june 10, 2008, Warsaw 53 6/12/2008



V. Khoze, J. Bjorken,...

Survival probability
< |S|2 >= [ d?bA(b, g5o1t)|S ()2
we use the soft b-distribution ~ A(b, qﬁiﬁ

J dng(g, qﬁﬂﬁ) =1

|S(g)|2 = Finel

ILC-ECFA, june 10, 2008, Warsaw 54 6/12/2008



Survival probability

Probability of not having an inelastic
collision

Finel = e ~™(b:5)

Can be used to calculate the survival probability of
Large Rapidity Gaps for collisions at given b-value

ILC-ECFA, june 10, 2008, Warsaw 55 6/12/2008



Comparis
on
with

Il (GAP SURVIVAL PROBABILITY)

0.6 -

0.5

0.4

proton-proton scattering

Bjorken 1983

Khoze et al. 2000

Block-Halzen

Luna model

0.3
0.2
models e
S 01  GRVand MRST densities, ptmin=1.15 .
) Soft b-distribution <N
‘Bjorken
i g |
10° 10° 10°
Vs in GeV
ILC-ECFA, june 10, 2008, Warsaw 56 6/12/2008




The Bloch-Nordsiek Eikonal Minijet model
includes k. resummation

R.Godbole, A. Grau, G.Pancheri, Y.Srivastava PRD 2005
A. Corsetti, A. Grau, G.Pancheri, Y. Srivastava PLB 1996

1. Multiple parton interactions : optical theorem and eikonal
representation for T (s,t)

2. Hard scattering to drive the rise due to 1/x
3. Soft gluons down to zero momentum to tame the rise

ILC-ECFA, june 10, 2008, Warsaw o7 6/12/2008



Zero momentum quanta

» Soft gluons need to
be resummed if they
are indeed soft =1/k

« Resummation
Implies integration
over dk;

 What matters will be
Jorg(ky )dk, f(k,)
and not o(0)

FROZEN

us (E{j 2 cwslhmt 3 L‘h-.sf'

-’&'D(Ql-h ﬁ) Eﬁ*ﬂ —Ana?
Al-

wcq cH i :

Ol (R ) = i =

e Jn(iq_e_)“') }f:;
ELT nteqradi€

ILC-ECFA, june 10, 2008, Warsaw

58 6/12/2008



°
10 AWM 1\ 2

9’UUI 1S give
distributions
In eikonal representation
Gtotzzjcpb [1 -e'n(b,S)/Z]

* n(b,s)=average # of collisions at distance b,
at energy s

* b-distribution is needed
Our ansatz:

,. R
Soft b-

b-distribution =
Fourier transform of soft gluon K, distribution

ILC-ECFA, june 10, 2008, Warsaw 59 6/12/2008



Soft gluons give b-distr

hiitinne
UUii101rio

In eikonal representation
Gtotz2j d2b [1-e™N(bs)2]

* n(b,s)=average # of collisions at distance b,
at energy s

d

* b-distribution is needed

= c
N (@ | 1119 11

)

Our ansatz:

b-distribution =
Fourier transform of soft gluon K, distribution

ILC-ECFA, june 10, 2008, Warsaw 60 6/12/2008



ILC

Resummation of soft gluons
down to k;=0

Gluon emission in k, changes the collinearity of initial partons

And for same energy and p,,,,, acollinearity of initial partons will bring
loss of luminosity of the parton beams and parton-parton cross-
sections will decrease

As the energy available for soft gluon emission increases, so does the
acollinearity of the parton-parton collision

The rate of rise of total cross-sections due to rising minijet cross-
section is reduced (softened by) by soft gluon emissions.

Softening effect more important the more singular o,



We shall illustrate how the model works
for the proton-proton case and then
show its application to vy

ILC-ECFA, june 10, 2008, Warsaw 62 6/12/2008



How the model works

Choose p;in = 1+2 GeV for mini-jets

Choose parton densities

Calculate minijet x-section

Calculate q,,,, for soft gluons
Calculate A(b,s) for given q,,,,
Calculate np 4 (b,s)=A(b,S) Gjet(Pimin:S)
Parametrize n_

Evaluate n(b,s)= Ny« + Nparg

Eikonalize o,,~2[d2b [1-e"(b:s)2]

ILC-ECFA,

june 10, 2008, Warsaw 63 6/12/2008



Ve fAr ntm
Jmax TOr PTM

S
B
=S

= 3
=
3 g,,., for hard processes
=5 forvarious LO densities
E
o .... GRV
25 GRV98
.... CTEQ
MRST
2
1.5 \
_ qmﬂxsg“
1
Pyn=1-15 GeV
0.5
0
1 10 11[}2 11[}3 11[}4
Vs ( GeV)
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Now apply the model to vy

ILC-ECFA, june 10, 2008, Warsaw 65 6/12/2008



photon-photon

Photon Collider
* Eqy~ 0.8 E®6y,
e Lum~ 0.2 ee
* Higgs and top

Normal mode of operation

 E,y approx upto 1/2 ee
« Non-monochromatic

physics
« Can access JP=0* . EWSB, SUSY are
« QCD and some top accessible and
« Total cross-sections interesting

ILC-ECFA, june 10, 2008, Warsaw 66 6/12/2008



Models for
total x-
sections

* [nterest lies in QCD role

« What is the Pomeron? The
Reggeon?

« Are these concepts
universal?

« Ordo they just
phenomenologically describe
our ignorance?

« How can ILC help ?

ILC-ECFA, june 10, 2008, Warsaw
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67

Regge/Pomeron, SaS Cudell et al.
GLMN BKKS
BSW
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st . ¢ controls the rise

« Should ¢ be the same for all
hadronic cross-sections?

 Yes if the model

— is based on Regge poles
and a universal Pomeron
pole exchange or

— On Gribov factorization QuickTime™ and a

TIFF (LZW) decompressor

a | 0 n e are needed to see this picture.

* Not necessarily if

— The model has some
connection with QCD and
photon densities play a role
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Soft resummation

Probablity of total K; from infinite # of soft
gluons

| d2b el exp{-[d3n(k)[1-e-kb]} =

depends upon single gluon\energy
» maximum : use Kinematics
» minimum : O if Bloch-Nordsieck states
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Role of resummation

An infinite number of soft quanta
« down to zero momentum but how?

next slides
* Up to an energy dependent limit q,, .,
— Higher hadron energy possibility

of more small x partons with “high energy”
(=1-2 GeV) N higher q,,.,,
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How the model works

® Choose p,,,, = 1+2 GeV for mini-jets
® Choose parton densities

®* Ca
®* Ca
®* Ca
®* Ca

® Parametrize n

Ccu
Ccu
Ccu
Cu

ate minijet x-section

ate q,,,, for soft gluons

ate A(b,s) for given q,,.,

ate np,q (b,5)=A(b,S) Ge(Pimin:S)

IIdIU

soft

® Evaluate n(b,s)= n s + N4
® Eikonalize o,,~2[d?b [1-e"(s)2]
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Conclusions (T)

 \We have built a model for the total
cross-section which

— Incorporates hard and gluon effects

— Satisfies the limits from the Froissart
bound

— Can be used to study other minimum bias
effects

— Easily extended toyp and yvy
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* Predictions at ILC vary according to which
densities better describe the behaviour at low
X

 Total cross-sections measurements in
Collider mode would allow clean information
on 7y cross-sections, reducing the errors due
to modelling of diffractive components

 Evenin regular mode, difference in the
model predictions are measurable and can
give insights into the soft or non perturbative
region of QCD.
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Photons and QCD

* Photons probe the QCD vacuum
 How a photon becomes a hadron

« Two photons have a unique signature in
producing scalar or pseudoscalar resonances

* If new strong WW interactions would be
detected at LHC possible new scalar states
could be probed to extract threshold
dynamics information not unlike what
happens in yy —n’n® around the c-meson

* One can study yy — vy if enough luminosity
— Light-by-light and hadronic contributions
— Insight into the trace anomaly
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