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1. Introduction

Elastic nucleon collisions at high energies:

» due to hadron interactions at all/ ¢ & Coulomb interactions at small |¢|

* influence of both interactions (spins neglected) ... Bethe (1953)

FC+N(s,t) = FY(s,t)e'® 4+ FN (s, 1)

FC¢(s,t) ... Coulomb (QED), F"(s,t) ... hadronic amplitude
ad(s,t) ... relative phase; a=1/137.36 ...fine structure constant

* West—Yennie (1968) (for large s )
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* some assumptions and adding dipole form factors f(1) —
simplified West-Yennie formula
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relative phase | a® = Fa(ln(-Bt/2) +~)| ~ =0.577215

do(s,t)
— T =

- fitting data art = = FON (s, )2 | ] < (~0.01 GeV?)

REN (g,t=0)
IFN (5,t=0)

— constant and averaged values of o.:. B.p =

" 1s WY integral formula correct?
* what approximations used for simplified WY?

* ¢ independence of B, p ?



2. Limitations involved in West-Yennie approach

= general belief: no limitation of relative phase

Ni(gt
ad®(s,t) = Fa {111 ( ) IT{: > |;i,,| (l H)}

phase real — imaginary part of integrand should be zero for all t;

phase and modulus ( s depressed):

[(t) = 11 (t) — Ix(t) =0

Ii(t)y= [ drf(t,7)

0

Iy(t) = [drf(t,7)

t

FN(s,t) = iF(t)ei®)

s
ft, 1) =

Si“[qgi;ﬂﬂ]l:(-r) for T4t

!

N [CD)F(r) for 7=t

t e (—4p2,0)



* both 7,(?), I,(¢) proper integrals if {(?) has bounded derivatives

L)) = [ dr 267+ f(t.t)= [ drg(t.7)+ f(L.0)
—4p? —4p2
0 0
[IZ(ZL)]I — }[ dr % )f (ZL* T) o j(t ZL) — L! dr g(t T) o j(f* ZL)

g(t, 7) = 5 f(t,7) =

cos[C(t)— C(T)][C(t()g_(:;zT)—siﬂ[C(f)—C(T)]F(T) for t#7

_/
N IRO)F(r) for t=r7

* higher derivatives | 1\ (¢) — [\ (t) = 0




* key question: what ¢ (?) solves | [,(t) —1,(t) =0 | ?

A1) -d I =0
A1) +pd L) =0, p>0 — | dL1)=0, dLH=0

» boundary condition:  [,(0)=1;(-4p°)=0, j=1,2 —

8
L(t)y= [drf(t,7)=0 Ix(t) = [drf(t.7) =0

—4p= t

0

0] =0,j=12; [I,(t))] = [dr Zf(t,7)— f(t.,t) =
Tt

£0,0)=0 — ((0)=0; similarly also {"(0)=0

Taylor series expension at =0 — ((t)=const | —
p(t) = tan {(t) = const ... independent of t !!! 6




3. West-Yennie approach and data

* t independence of p ? — first derivative of p 1s zero —

LRFN(s,t) SFN(s.t) = RFN(s,t) <L3IFN(s,t)| valid for all ¢

dt - dt

d {ECTI:S.T.E

data: diffractive minimum at t, — - — — ()

— | RFN(s,tp) LRFN(s,tp) =—SFN(s,tp) LIFN(s,1p)

—  p? = —1 ...contradiction — diffr. minimum excludes p=const

= assumptions needed for simplified WY formula:
 spin neglected
o |[FN(s,t)| ~ Bt for all te (-4p?, 0)

= are assumptions fulfilled by data? 7
V.K., M. Lokajicek, Phys. Lett. B 611 (2005) 102



LI B T e |
Plap 1n Gevie

T T
[ 1
P £ 07F Z
< H 3
: (] 2 ] e T )t
r 1 g 3 5 1 pp 14 TeV
E 2 = \
= 10 P 5 \ BSW model
mf 4 3 2 FRLE A
] a H = 1
“ 'r 10 1
1 b
N; P 10"
o ¥ W'l
- wf - 3 oy
] 1 i)
S 2
3 0
= 000!
3 E . 10
3
- 4 o
9 0. cocorfe | 10 L
s "
0.000001 ]| "
—
r | . ~—
] ]
0L 0000001 | .
| . .
€. 0000000 l 8
Ho R T e e
o 175 a 3 35 4 L] ]
aaaaaaaaaaaaaa (o b (Gav?) —t (Gav ™)

change of magnitude % from optical point to diffractive minimum:

~ 8 ~ 7+8 ~ 5+6 ~4
change of |FV(s,1)| :

~ 4, ~3.5+4, ~25+13 ~2

t[GeV2](0.,1.5) (0., 1.35) (0., 0.8) (0., 0.4)

o|[N(s,t)| “approximately” exponential for small region of ¢
becomes narrower when energy increases with |t| !!! 3




* deviations from exponential behavior rise strongly with increasing s

* measure of deviations: diffractive slope

o 4) — lo ™ 2 N
B("H'-m_dr [111{533* ] |F“|af}|{’h“F S, t ‘

B(t) (Gev ™)

constant slope B(s) corresponding to WY
formula for FC¢™V(s,1)

* Integral and simplified WY formulas contradict experimental data

* however: before ISR experiments nothing known about diffractive
structure —» WY amplitude might be used




4. Extrapolation of hadronic amplitude to ¢ ~ 0

* strongly interacting hadronic amplitudes — conservation of 1sospin

(see Appendix A)
Foo(st) =FY, (s,0) = FN, (s,1) (valid atany s and ¢)

 data (p,,~ 300 GeV/c)

pp [Burq et al: Nucl. Phys. B217 (1983) 285], np [Arefiev et al: Nucl. Phys. B232 (1984) 365)
np — pn [Barton et al: Phys. Rev. Lett. 37(1976) 1656, 1659 Landolt-BornsteinVol. 9, Springer 1980]

(PP (np), np — pn

-t [GeV?] do/dt [mb/GeV?] do/dt [mb/GeV?] do/dt [ub/GeV?]
.003 103.34 + 4.1 77.09 + .80 6.14 + .006
023 5827+ 1.1 61.80 + .71 4.24 + .004

— do/dt [np — pn] ~ 10~ . do/dt[np]

= | P50 = PV, 6.0

« np measured up to ¢ = 107 Gel? — compatible with e
(Arefiev et al (1984))
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5. Approaches based on impact param. representation

(Franco (1966,1973), Lapidus et al. (1978), Cahn (1982), ..., V. K., M. Lokajic¢ek (1994))

 used eikonal models based on approximate form of Fourier-Bessel
transformation valid at asymptotic s and small ||

AT
()
s

F(s,q> = —t) = 1% [ d?be'® {H”E-ah: _ 1}

» mathematically rigorous formulation (valid at any s and ¢ )
(Adachi et al., Islam (1965 — 1976))

additivity of pottentials — additivity of eikonals (Franco (1973))

5CHN (5.b) = 6 (s,b) 4+ 6N (s, b)

* total scattering amplitude

I - I G L
F(f—:\ (s,t = —Q 2 >1qb EZe[rﬁf (s.0)+0""(s8.b)) _ 1 -
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FCrN(s,t) = F(s,t) + FN(s,1)

+ 4r3 fd be sq;{ i6% (s,b) J {E,me (s,b) J}

o

= p

FON(s,t) = FO(s,8) + FN(s,t) + & f d*q'F(s.q)FY (s, [7— ¢']")

f

convolution integral

e equation describes simultaneous actions of both Coulomb and
hadronic interactions; to the sum of both amplitudes new complex
function (convolution integral) 1s added

» at difference with WY amplitude (Coulomb amplitude multiplied
by phase factor only)

e valid at any s and ¢
12



e general formula valid up to terms linear 1n o (v. K., M. Lokajicek, Z. Phys.
C63 (1994) 619)

FCrN(s,t) = 222 f1(t) fa(t) + FN (s.1)

1 ¥ JH(J(H.?)]

- ! / o FN (gt
G(s,t)= [ dt'{ In (%)ﬂ_mr’yrw’,)] b oL ERE g | pg g
-y 4T i, 1]
27
I(f_ _!!_-"\] _ ]' ([(I:'” fi(t ) f2(t f_” — T_ —I_TJ _I_ 2\@{(]"‘5 {]:)”
f” r

e [I*ia G(s,t)] ~ exp(xio G(s,t))
FN+C(s,t) = F9(s,t) + FN(s,t)eTioC0)

— complex G(s,?) cannot be interpreted as mere change of phase

— G(s,t) ... real < p(st) ... constantint

. . e 13
e use: data analysis (see Appendix B) or model predictions



6. General formula and luminosity at LHC

1| dN o CLN/., 9  Ara?
L { dt ] — sp? {F (S, IL)| I 1|2
{—0)

t—0

e different total (eikonal and WY) amplitudes — different
luminosity determinations
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(Kaspar & Smotlacha: to be published)



7. Conclusion

* WY integral formula: hadronic amplitudes with constant quantity p

* simplified WY amplitude: in contradiction with data
= WY approach leads to false results at high energies

= approach based on eikonal model = suitable tool for analyzing high-

energy elastic hadron scattering amplitude —
t dependence of its modulus and phase needed at all allowed t

* dynamical characteristics of elastic hadronic amplitude determined
by its 7 dependence, 1.€., 0,,, p, B are model dependent quantities

* influence of Coulomb scattering cannot be neglected at higher |t|
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Appendix A: Conservation of 1sospin

o elastic hadronic amplitude F"(s,?) (strong interactios) —
conservation of 1sospin

e NN scattering ... isospin states
NN>=j, jormm,>= ;}4 | J 2 IM><] 5 IMj yj o m m >
pp>=|1hY: 11>, |np>= -V | %% 10> + Y |1 Y:00>,

nn>=|"%%1-1>

* define (1sospin conserved)

<I L;|F"(s,1)

I'ly" > =Fy(st) oy 0y,
<pp|F'"(s,0)|pp> = F, (5,1), <np|F"(s,t)|np> =" Fy(s,t) + 1%2F(s,1)
<np|F,.(s.0lpn> =7 [Fy(s,t) = Fy(s,0)]  —

Foo(st) =FN (s,0) = FV, (5,1) 1




Appendix B: Analysis of data

(V.K., Lokaji¢ek, Z. Phys. C 63 (1994) 619)

data prof. Tt o1 B 0 X 2 /df
[mb] [GeV 2]
pp per. 42.89 +£0.12  13.55+ 0.05 0.06 £ 0.009 253/201
53 cent. 42.65 +0.23  13.25 4 0.05 0.07 £ 0.009 329/204
GeV WY 42.38 = 0.15 12.87 4+ 0.14 0.077 = 0.009 1.43
pp per. 62.56 £ 1.16  16.67 = 0.09 0.11 £ 0.022 233/213
541 cent. 62,70+ 0.78 16.00 £ 0.05 0.096 & 0.013  354/217
GeV WY 62.17 £ 1.50 15.50 = 0.10 0.135 = 0.015 1.1

» different values of 0ot B. p

17
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e analysis in the broadest interval of

1 1.5 %
—t (Ge¥?)

1073

102

pp 53 GeV

pp 541 GeV

0.005 0.01

0.015 0.02
—t (GeV?)

- method

enables natural normalization of data from

measured

e pp at 53 GeV, —t € (0.00126,9.75) GeV?
3) GeV?

intervals in individual experiments

pp at 541 GeV, —t € (0.00075, 2.

D
1

modulus

[FY(s,1))

— {”l + If'f-jf_]("h] t+bot=+bat”

+ (c1 + cot)echtHdat™+dat’

phase (peripheral)

— E:-) j 1

A

to |

phase (central)

L:K (s,t) = arctan

f
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JI:
£,

T

A

Ll to=1 GeV

18

)



~ 7 ~ 25 [
g _ pp 53 GeV E 20 E
e 2 15
c @ P
3 0 F
3 F -
o > -
2 E =
C 0 -
1 F C
L — :_
0
0 1 2 3 1 2 3
—t (Gev?) —t (Gev?)
~ 8 —~ 20 .
= S b >175 E pp 541 GeV
- _ ] é = PR 22 Ley
a3 pp 541 GeV |~ 15 E " :
- =125 B '
5 F " 10 B
4 F 75 F
3 F 5 E
= 25 E
2 &
E 0 E e
TE —25 E "
O " 11 1 | | I | | 11 1 _5 EI 11 1 | 11 1 | | I | 11 1
0 0.5 1 1.5 2 0.5 1 1.5 2
—t (Gev?) —t (Gev?)
. Influence of Coulomb scattering
e cxact values of at any cannot be neglected at higher |t] !!!

o 19
e statistical errors



