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Ïðîöåññ ýêñêëþçèâíîãî öåíòðàëüíîãî

ðîæäåíèÿ

h(p1) + h(p2)→ h∗(p′1) +X(pX) + h∗(p′2)
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Ïîëåçíûå ñâîéñòâà

Îáëàäàåò ÷¼òêîé ñèãíàòóðîé:
öåíòðàëüíàÿ ñèñòåìà îòäåëåíà îò äâóõ
êîíå÷íûõ àäðîíîâ áîëüøèìè
ïðîìåæóòêàìè ïî áûñòðîòå.

Âîçìîæíîñòü èñïîëüçîâàòü ìåòîä
íåäîñòàþùèõ ìàññ äëÿ èçìåðåíèÿ
ðàñïðåäåëåíèÿ ïî èíâàðèàíòíîé ìàññå
öåíòðàëüíîé ñèñòåìû.

Ïðè ìàëûõ ïåðåäà÷àõ èìïóëüñà ðàáîòàåò
ïðàâèëî îòáîðà Jz = 0 (óìåíüøåíèå ôîíà
â ïðîöåññàõ ðîæäåíèÿ òÿæåëûõ ÷àñòèö
òèïà áîçîíà Õèããñà).
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Ïîëåçíûå ñâîéñòâà

Èñïîëüçîâàíèå ðàñïðåäåëåíèé ïî
àçèìóòàëüíîìó óãëó ìåæäó êîíå÷íûìè
àäðîíàìè ïîçâîëÿåò ïðîâåñòè
ñïèí-÷åòíîñòíûé àíàëèç.

Âîçìîæíîñòü èçìåðåíèÿ t-ðàñïðåäåëåíèé
(äèôðàêöèîííûõ êàðòèí) äëÿ ïðîâåäåíèÿ
�êëàñè÷åñêèõ� äèôðàêöèîííûõ
èññëåäîâàíèé: ôîðìû è ðàçìåðîâ îáëàñòè
âçàèìîäåéñòâèÿ, âëèÿíèå ðàçëè÷íûõ
ìàñøòàáîâ ïðîöåññà íà ýòè ïàðàìåòðû.

Figure 3: The azimuthal angle between the fast and slow protons (φ) for various final states.

6 Summary

In conclusion, a partial wave analysis of the centrally produced KK system has been performed.
The striking feature is the observation of peaks in the S−

0 -wave corresponding to the f0(1500)
and fJ(1710) with J = 0. In addition, a partial wave analysis of a high statistics sample of
centrally produced π+π− events shows that the S−

0 -wave is composed of a broad enhancement
at threshold, a sharp drop at 1 GeV due to the interference between the f0(980) and the S-wave
background, the f0(1300), the f0(1500) and the fJ(1710) with J = 0.

A study of centrally produced pp interactions show that there is the possibility of a glueball-
qq filter mechanism (dPT ). All the undisputed qq states are observed to be suppressed at small
dPT , but the glueball candidates f0(1500), fJ(1710), and f2(1930) , together with the enigmatic
f0(980), survive. In addition, the production cross section for different resonances depends
strongly on the azimuthal angle between the two outgoing protons.
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Àëãîðèòì ðàñ÷åòà ïðîöåññà
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Óíèòàðèçàöèÿ

< S2 >=

∫ ∫
d2~∆1d

2~∆2

∣∣MU
∣∣2∫ ∫

d2~∆1d2~∆2 |M|2
(1)

MU (p1, p2,∆1,∆2) =
∫

d2~qT
(2π)2

d2~q ′T
(2π)2

× V (s, ~qT )M(p1 − qT , p2 + qT ,∆1T ,∆2T )V (s′, ~q ′T ) , (2)

V (s, ~qT ) =
∫
d2~b ei~qT

~b
√

1 + 2iT elpp→pp(s,~b), (3)

∆1T = ∆1 − qT − q′T , ∆2T = ∆2 + qT + q′T

Â ýéêîíàëüíîì ïîäõîäå:

V (s, ~qT ) =
∫
d2~b ei~qT

~beiδpp→pp(s,~b), (4)
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Óíèòàðèçàöèÿ

Ôóíêöèÿ < S2 > äëÿ ðàçíûõ çíà÷åíèé èíâàðèàíòíîé ìàññû:
M = 30 ÃýÂ (øòðèõîâàÿ), M = 125 ÃýÂ (ñïëîøíàÿ) è
M = 600 ÃýÂ (òî÷å÷íàÿ).
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Ìîäåëü äëÿ áîëüøèõ èíâàðèàíòíûõ ìàññ

L̂{gg}S
=

1
29π6

(
M2

s

)2

|Iq|2 < S2 >, (5)

M2 dσpp→p+M+p

dM2 dy dΦgg→M
= L̂{gg}S

dσ̂Jz=0
gg→M

dΦgg→M
. (6)

dσpp→p+R+p

dy
= L̂{gg}S

2π2ΓMR→gg

M3
R

(7)

ΓMR→gg - øèðèíà ðåçîíàíñà.
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Ìîäåëü äëÿ áîëüøèõ èíâàðèàíòíûõ ìàññ

Iq =
1

24M2

M2
4∫

<|t1,2|>∼0

d~q 2f(− ~q 2
2√

2sξ2
,

~q 2
1√

2sξ1
, ~q 2, . . . )(

~q 2 + ~q 2
1 ~q

2
2

M2

) ,

~q 2
1,2 = ~q 2 + ~∆ 2

1,2 ± 2|~q||~∆1,2| cos(φ± φ0

2
) . (8)

f =⇒ f̃ = 8FµνT
αµ
1 Tαν2 Fs(−q2,

M2

4
) ' 8

2M2~q1~q2

~q 2
1 ~q

2
2

Fs(~q 2,
M2

4
)TD1 T

D
2 Fgg→M ,

TD1,2 ≡ TD
(√

s

M
e∓y~q 2

1,2

√
1− M√

s
e±y
)

(9)

TD(
~q 2

ξ

√
1− ξ) =⇒ fg(ξ, ~q 2, µ2). (10)
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3IP ìîäåëü êàê ïðèìåð

TDi ' ηP3c
(3)
gp eB

(3)
0 ti

(
si −m2 − qqi
s0 − qqi

)αP3 (ti)

, (11)

L̂{gg}S
=

∣∣∣ηP3c
(3)
gp

∣∣∣4
29π6

1
4B2

( s

M2

)2∆
(

1− 2M√
s

cosh y +
M2

s

)∆

|Iq|2 < S2 >,

(12)

B = B
(3)
0 + α′ ln(

√
s/M),

B
(3)
0 = 0.9446± 0.1146 GeV−2,

αP3(t) = 1.2032± 0.0041 + (0.0937± 0.0029 GeV−2)t,
c(3)
gp = 6.535± 0.418 . (13)
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3IP ìîäåëü êàê ïðèìåð

Ôóíêöèÿ |Iq|2 ïðè äâóõ çíà÷åíèÿõ t: t = 0 (ñïëîøíàÿ),
t = 1 Ãýâ2 (òî÷å÷íàÿ).
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3IP ìîäåëü êàê ïðèìåð

Ôóíêöèÿ L̂{gg}S
ïðè

√
s = 7 ÒýÂ è íîðìèðîâàííàÿ ôóíêöèÿ ïðè

M = 20 Ãýâ (øòðèõîâàÿ), M = 125 Ãýâ (ñïëîøíàÿ) è M = 600 Ãýâ
(òî÷å÷íàÿ).

Ð.À. Ðþòèí (ÎÒÔ ÃÍÖ ÈÔÂÝ ) Ýêñêëþçèâíàÿ öåíòðàëüíàÿ äèôðàêöèÿ 24 äåêàáðÿ 2013 ã. 13 / 31



Ìîäåëü äëÿ ìàëûõ èíâàðèàíòíûõ ìàññ
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⊥
s

) (14)
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⊥
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√
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Ìîäåëü äëÿ ìàëûõ èíâàðèàíòíûõ ìàññ

Îñíîâíûå ýëåìåíòû:

Tµ1...µJ (p,∆) =< p−∆|Iµ1...µJ |p > (16)

Tµ1...µi...µj ...µJ = Tµ1...µj ...µi...µJ , ∆µi
Tµ1...µi...µJ = 0, gµiµj

Tµ1...µi...µj ...µJ = 0

F
µ1...µJ1 , ν1...νJ2
α1...αJ (∆1,∆2, pX) =

∫
d4x d4y e−i∆1x−i∆2y · (17)

· < 0|T ∗Iµ1...µJ1 (x) Iν1...νJ1 (y) Iα1...αJ
(0) |0 > .

Iµ1...µJ - òîêîâûé îïåðàòîð ñîîòâåòñòâóþùèé îïåðàòîðó ïîëÿ ñî ñïèíîì J :(
� +m2

J

)
Φµ1...µJ (x) = Iµ1...µJ (x) . (18)

Àìïëèòóäà ñîñòîèò èç Tµ1···µJ1 , T ν1···νJ2 , F
µ1...µJ1 , ν1...νJ2
α1...αJ è ïðîïàãàòîðîâ

d(J, t)/(m2(J)− t) ñ ïîëþñàìè ïðè m2(J)− t = 0, ò.å. J = α(t).
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Ìîäåëü äëÿ ìàëûõ èíâàðèàíòíûõ ìàññ

∣∣∣M0+
∣∣∣2 = A · (M2

⊥)2(αP(0)−1)(f0M
2
⊥ + 2f1)2,∣∣∣M0−

∣∣∣2 = A · (M2
⊥)2(αP(0)−1))f0t1t2 sin2 φ0,

A ≡ A(t1, t2) = c2P s
2αP (0)|Γ(t1)Γ(t2)|2 (19)

),(~ 21 ttf

12212121 cos),(),(~ ttttbtta 
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Àëãîðèòì äëÿ γ + p→ V + p

b) 

a) 

c) 

M>>1 GeV 

M~ 3-10 GeV 

M~1 GeV 
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Ïðîâåðêà íà äàííûõ HERA

R = σγp→Υp(WΥ)/σγp→J/Ψp(WJ/Ψ)

WJ/Ψ, GeV WΥ, GeV Rexp. × 103 Rth. × 103

20-30 60-130 4.91± 2.23 3.49± 0.64
30-50 60-130 3.86± 1.55 2.89± 0.56
50-70 60-130 2.87± 1.15 2.47± 0.44
50-70 130-220 5.75± 2.24 3.13± 0.44
70-90 60-130 2.4± 0.99 2.2± 0.38
70-90 130-220 4.82± 1.9 2.79± 0.37
90-110 60-130 2.18± 0.88 2.01± 0.34
90-110 130-220 4.37± 1.7 2.56± 0.33
110-130 60-130 1.85± 0.74 1.87± 0.31
110-130 130-220 3.7± 1.44 2.38± 0.3
130-150 60-130 1.54± 0.63 1.76± 0.29
130-150 130-220 3.09± 1.23 2.24± 0.28
150-170 60-130 1.46± 0.61 1.67± 0.28
150-170 130-220 2.92± 1.19 2.12± 0.27
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Íîðìèðîâêà íà äàííûå CDF

Äàííûå CDF ïî ýêñêëþçèâíîìó ðîæäåíèþ äâóõ ñòðóé.
Âåðõíèå êðèâûå - ïàðòîííûé óðîâåíü, íèæíèå - àäðîííûé
(ET,jet = 0.75ET,g).
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Ïðîâåðêà íà äàííûõ CDF

ET > 5 GeV , |ηγ | < 1 :
σexcl, thγγ = 28± 8 fb⇐⇒ σexcl, CDFγγ < 410 fb (20)

ET > 2.5GeV , |ηγ | < 1 :

σexcl, thγγ = 0.29± 0.08 pb⇐⇒ σexcl, CDFγγ = 2.48
+0.40
−0.35

(stat)
+0.40
−0.51

(syst) pb

dσexcl, thχc,0

dy

∣∣∣∣∣
y=0

= 15.9± 4.1 nb,

dσexcl, CDFχc,0

dy

∣∣∣∣∣
y=0

= 76± 10 (stat) ± 10 (syst) nb (21)
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Ïðîìåæóòî÷íûå èíâàðèàíòíûå ìàññû.

Äîïîëíèòåëüíûé òåñò.

p+ p̄→ p+ J/Ψ + p̄

dσexcl, thJ/Ψ

dy

∣∣∣∣∣
y=0

= CCDF × σγ+p→J/Ψ+p(W0) = 3.51± 0.45 nb,

W0 =
√
mJ/Ψ

√
sCDF ' 78 GeV , CCDF ' 5.3× 10−5

dσexcl, CDFJ/Ψ

dy

∣∣∣∣∣
y=0

= 3.92± 0.25 (stat) ± 0.52 (syst) nb (22)
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Ïðîìåæóòî÷íûå èíâàðèàíòíûå ìàññû.

Äîïîëíèòåëüíûé òåñò.

Ðåçóëüòàòû LHCb ïðè ýíåðãèè 7 ÒýÂ

σexcl, LHCbJ/Ψ = 81.9± 18.3 nb,

dσexcl, thJ/Ψ

dy

∣∣∣∣∣
y=0

= CLHC × σγ+p→J/Ψ+p(W0) = 7.06± 0.91 nb,

σexcl, thJ/Ψ = 76.3± 19.1 nb,

W0 =
√
mJ/Ψ

√
7000 GeV ' 147 GeV , CLHC ' 6.6× 10−5.(23)

σexcl, LHCbχc,0
= 160.9± 78.8 nb,

σexcl, thχc,0
= 212± 53 nb,

dσexcl, thχc,0

dy

∣∣∣∣∣
y=0

= 20± 5 nb (24)

Ð.À. Ðþòèí (ÎÒÔ ÃÍÖ ÈÔÂÝ ) Ýêñêëþçèâíàÿ öåíòðàëüíàÿ äèôðàêöèÿ 24 äåêàáðÿ 2013 ã. 22 / 31



Áîëüøèå èíâàðèàíòíûå ìàññû

,Z 

H ,Z 
u,d,s, 

t c,b 
c,b 
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+ perm. + perm.  + 

a) b) 

c) 

d) e) f) 

R,G,SUSY 

+ 
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Áîëüøèå èíâàðèàíòíûå ìàññû

Ïðåäñêàçàíèÿ ïðè ýíåðãèè 7 ÒýÂ

σexp,LHCp+p→p∗+γγ+p∗ < 1.18 pb, ET,γ > 5.5 GeV , |ηγ | < 2.5, (25)

ïðè îòñóòñòâèè ÷àñòèö â îáëàñòè |ηγ | < 5.2.

σthp+p→p+H+p ' 0.55± 0.15 fb,

10−4 < ξ1,2 < 0.1, 0.001 GeV 2 < |t1,2| < 1 GeV 2. (26)

Ð.À. Ðþòèí (ÎÒÔ ÃÍÖ ÈÔÂÝ ) Ýêñêëþçèâíàÿ öåíòðàëüíàÿ äèôðàêöèÿ 24 äåêàáðÿ 2013 ã. 24 / 31



Ìàëûå èíâàðèàíòíûå ìàññû

Àçèìóòàëüíûå çàâèñèìîñòè è óíèòàðèçàöèÿ
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Ìàëûå èíâàðèàíòíûå ìàññû

Äèôðàêöèîííûå êàðòèíû è óíèòàðèçàöèÿ
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Ìàëûå èíâàðèàíòíûå ìàññû

Äèôðàêöèîííûå êàðòèíû è óíèòàðèçàöèÿ: ðàçíûå
ïåðåìåííûå
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Ìàëûå èíâàðèàíòíûå ìàññû

Äèôðàêöèîííûå êàðòèíû è óíèòàðèçàöèÿ: ðàçíûå
ïåðåìåííûå
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Çàêëþ÷åíèÿ
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Forward Physics at the LHC Risto Orava

     2

Introduction

In order to maximally cover the signatures of forward physics processes — leading 
forward protons and clusters of particles separated by gaps in rapidity — the base line CMS 

experiment is extended (see Fig. 1) by (1) the TOTEM Roman Pots at 147 m and 220 m 

locations, (2) TOTEM T1 and T2 track stations at 10 and 14 m, and by the (3) CMS 

CASTOR and Zero Degree (ZDC) calorimeters at 20 and 170 m on both sides of the 

interaction point number 5 (IP5), [1]. In addition, it is foreseen that further leading proton 

detectors will be added to 420 meters for covering, with the nominal LHC optics, the medium 
central diffractive masses of the order of 1 60 – 250 GeV.

Figure 1 Lay-out of the TOTEM and CMS detectors to be used in measuring forward physics processes 
at the LHC.

The geometric acceptance of the forward spectrometer is depicted in Fig. 2 for transverse 

momenta (pT) vs. pseudorapidity () of the final state particles. For reference, the tracking 

acceptances of the four LHC experiments are also shown.

                                                
1 For the fp420 R&D proposal see: http://www.fp420.com/papers/fp420_UK_2006.pdf

Leading Protons measured at
-420m, -220m & -147m from the CMS 

Leading Protons measured at
+147m, +220m and +420m from the CMS 

T1

T2 Castor

T2

Castor

Leading protons: RP’s at 147m, 220m and ±420m
Rap gaps & Fwd particle flows: T1 & T2 spectrometers
Fwd energy flows: Castor & ZDC 
Veto counters at: 60m & 140m?

CMS
T1

CMS + Totem + fp420
-unique fwd experiment
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Çàêëþ÷åíèÿ

Optimal places for tagging Central Exclusive Production (CEP)
at LHC: @ 220/240m and 420m from IP

K. Piotrzkowski 6

HECTOR:   JINST 2, P09005 (2007)
For nominal low‐ LHC optics

Trento, 6/1/2010
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Çàêëþ÷åíèÿ

Àëãîðèòìû ðàñ÷¼òîâ äîñòàòî÷íî ãðîìîçäêè. Îòëè÷àþòñÿ ïðè ðàçíûõ
ìàñøòàáàõ. Îáíàðóæèâàþòñÿ áîëüøèå íåîïðåäåë¼ííîñòè â
ïðåäñêàçàíèÿõ äëÿ ðàçëè÷íûõ ïðîöåññîâ (pp→ p+ γγ + p,
pp→ p+ χc,b + p).

Ýêñïåðèìåíòàëüíî ìîæíî èññëåäîâàòü òîëüêî ýêñêëþçèâíûå ïðîöåññû ñ
äîñòàòî÷íî áîëüøèìè ñå÷åíèÿìè (òî åñòü ïðè ìàëûõ è ïðîìåæóòî÷íûõ
èíâàðèàíòíûõ ìàññàõ), òàê êàê pile-up ñîáûòèÿ ïðè áîëüøèõ ñâåòèìîñòÿõ
óñëîæíÿþò èçìåðåíèÿ êîíå÷íûõ ïðîòîíîâ.

Äîñòàòî÷íî ìîùíûé èíñòðóìåíò (ìåòîä íåäîñòàþùèõ ìàññ,
ñïèí-÷åòíîñòíûé àíàëèç, äèôðàêöèîííûå êàðòèíû) ïîçâîëÿåò ïðîâîäèòü
óíèêàëüíûå èññëåäîâàíèÿ.
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