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Roger	Forty Physics	challenges	of	the	LHC	 	(I) 2

• Total cross section at LHC 
σ(pp → anything) ~ 0.1 barn

• So a 1 pb Higgs cross section 
corresponds to one being produced
every 1011 interactions! 
(further reduced by BR × efficiency)

• Experiments have to be designed so 
that they can separate such a rare 
signal process from the background

• Rate = L • σ
where luminosity L (units cm-2s-1) is a 
measure of how intense the beams are
LHC design luminosity = 1034 cm-2s-1
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Observables:
§ Elastic differential cross section:

	dσ$%
dt

(s, t) =
π
s-

A s, t -

	σ/0/ s =
4π
s
ImA s, t = 0

ρ s =
ReA s, t = 0
ImA s, t = 0 		

§ Total, (integrated) elasticand inelastic cross sections:

§ The (forward) phase, 	𝝆:

B s =
d
dt

ln
	dσ$%
dt

(s, t) 	<
/=>

	σ$% s = ?
	σ$% s, t
dt

dt
/@AB

/@CD

σEF s =	σ/0/ s 	−	σ$% 	 s

§ Slope of the (forward)slope (B(s)~R-(𝑠)):
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Total,	elastic and		inelastic cross-sections
§ 30 ≤ s ≤ 57000	GeV

7	
Te
V

8	
Te
V

2.
76

	Te
V

13
	Te

V

A	pp és ppK előreszórás	leírása LHC	energiákon



Elastic Scattering
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momentum transfer -t ~ (pθ)2 

θ = beam scattering angle     
p = beam momentum

= 14 TeV prediction of BSW model
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1. On-shell	(hadronic)	reactions	(s,t,	Q^2=m^2);
t	ßà b Fourier-Bessel transform	dictionary:
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Szanyi	I.:	A	rugalmas	proton-proton	szórás	fizikai	leírása
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7	TeV :																															8	TeV:																													13	TeV:

0.35 ≤ t ≤ 2.5	GeV- 0.0007 ≤ t ≤ 1.9	GeV- 0.0008 ≤ t ≤ 1	GeV-



Coulomb-nuclear interference
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AW + AY



𝑓	& ω	reggeons:
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A]]
]]̂ s, t = 𝐀𝐟 s, t ± 𝐀𝛚 s, t + Ac s, t ± Ad s, t

af, bf,	s>f, ah,	bh,	s>h

𝐀𝐟 s, t = afeij/e
kElmj- (s/s>f)mj

𝐀𝛚 s, t = iaheip/e
kElmp- (s/s>h)mp

αh ≡ αh t = 0.435+ 0.93t

αf ≡ αf t = 0.703 + 0.84t

Chew-Frautschi	plot.
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Fitted	parameters:



Pomeron
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A]]
]]̂ s, t = Af s, t ± Ah s, t + 𝐀𝐏 s, t ± Ad s, t

§ Dipole Pomeron :

§ Pomerontrajectory:

§ Fitted paramers:

𝐀𝐏 s, t = i
acs
bcs>c

[rvc- s ewxy
z { mykv − εcr-c- s ewzy

z { mykv ]

rvc- s = bc + Lc − iπ/2 r-c- s = Lc − iπ/2 Lc ≡ ln	(s/s>c)

αc ≡	αc t = 1 + δc + αvct

ac, bc,	εc,	s>c ,	δc,	αvc
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§ Odderon contribution:

§ Odderon trajectory:

§ Fitted parameters:

Odderon
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𝐀𝐎 s, t =
ads
bds>d

[rvd- s ewx�
z { m�kv − εdr-d- s ewz�

z { m�kv ]

rvc- s = bd + Ld − iπ/2 r-d- s = Ld − iπ/2 Ld ≡ ln	(s/s>d)

ad, bd,	εd,	s>d,	δd,	αvd

αd ≡ 	αd t = 1 + δd + αvdt

A]]
]]̂ s, t = Af s, t ± Ah s, t + Ac s, t ± 𝐀𝐎 s, t
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Fit	to the differencial cross section
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Tℎ𝑒	𝑟𝑎𝑡𝑖𝑜	𝜌 (phase)
§ 30 ≤ s ≤ 13000	GeV.
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G. Antchev (TOTEM Collab.):
First determination of the ρ
parameter at √s = 13 TeV –
probing the existence of a
colourless three-gluon bound
state. CERN-EP-2017-335
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Forward elastic slope B(s)
§ B s 	~	ln	s → ln-	s	? !
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„Scaled”:	B(s)/Ln s
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B s ≈ a + b	ln	s + c	ln-s
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Pomeron Odderon 𝐟- és	𝛚-reggeon

ac 250 (rögzített) ad 0.115449	± 0.00304799 af -13	(fixed)

bc 14.7362	± 0.276352 bd 0.711359	± 0.00201975 bf 0 (fixed)

δc 0.0514965	± 0.000694922 δd 0.479593	± 0.00271713 s>f 1 (fixed)

αvc 0.336121	± 0.00209166 αvd 0.239799	± 0.0034584 ah 9 (fixed)

εc 0.0139516	± 0.000344159 εd 1.44154	± 0.0011131 bh 0 (fixed)

s>c 100	(rögzített) s>d 100 (rögzített) s>h 1 )fixed)

NDF = 57 χ- = 49.2 χ- NDF⁄ = 0.86

Fitted	values of	the parameters

CERN ROOT MINUIT2 Migrad fit
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Local	dispersion	relations	(Bronzan,	Kane,	Sukhatme,	1974);

ρ s = �$� {,/=>
��� {,/=> 		

=	�	��	����  �	��	¡ .
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THANK	YOU	!
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