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Introduction

Diffractive interactions at the LHC

 t-channel exchange of color neutral particles (QED, QCD)
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Elastic Single/double diffractive Double pomeron Central exclusive Exclusive Single-diffraction
scattering dissociation exchange production photoproduction  with central system

« Spans over large kinematic region (MeV — TeV), and large cross-section range

* Provide arich scientific program for LHC experiments See Ronan McNulty’s talk

Soft diffraction: Purely nonperturbative processes

Hard diffraction: Substantial fraction of proton kinetic energy is transferred (~a few%o)
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Introduction

Soft central exclusive production processes

« Aclean laboratory for the study of various nonperturbative phenomena (glueballs, ... )

 Dominated by double-pomeron exchange (DPE) at high momentum transfer (t)
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Introduction

First measurements of exclusive di-pions

* Imposed rapidity gap selection criteria (DPE + Photoproduction)

!

. P D p
 Resonant production at 5.02 and 13 TeV data
P
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S 16F — Res. +bkg. fit 3 16C — Res. + bkg. fit ! !
Z 1.4F -+ Dime MC scaled ] = 1.4F - Dime MC scaled . . .
S - Resonant peaks ] 2.0 Ik — rResonantpeaks 1 * Measured production cross-section in the
r 2/ndf = 84/36 r 2indf = 50/36 . . .
85 | o ER- L o _ pT>0.2 GeV, |n|<2.4 fiducial region
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0-4;_ g 0.4 - Resonance Tpp—sp'p/X—p'p'mt - D]
0.2 4 . 02K - \/g =5.02TeV \/g =13TeV
S .. v RS e e fo(500) 1.4 4 0.7 (stat) £ 0.4 (syst) £ 0.03 (lumi) 1.2 + 0.5 (stat) & 0.4 (syst) + 0.03 (lumi)
% 500 1000 1500 2000 2500 O "800 1000 1500 2000 2500 p°(770) 2.6 + 0.6 (stat) + 0.6 (syst) + 0.1 (lumi) 2.4 + 0.8 (stat) & 0.6 (syst) + 0.1 (lumi)
m(m ) [MeV] M) [MeV] fo (980) 0.4 4 0.1 (stat) & 0.1 (syst) = 0.01 (lumi) 0.7 + 0.2 (stat) = 0.2 (syst) = 0.02 (lumi)
£,(1270) 2.2 + 0.4 (stat) £ 0.3 (syst) + 0.1 (lumi) 2.3 = 0.5 (stat) & 0.3 (syst) £ 0.1 (lumi)

Resonant production
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Introduction

Nonresonant central exclusive production
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Introduction

Nonresonant central exclusive production
Proton — Pomeron interaction (~s%Ip):

(1) .
o My (t,5) = iog(s/50)*1POF, (L)
Where F,(t) Is the proton-pomeron Form Factor
» hT(ps)
= h7(pa)
IP(g2)

Fi(t)
t — m?

M = M;5(ty,513) M34(t5,24) + t © U + Mg




Introduction

Nonresonant central exclusive production

Proton — Pomeron interaction (~s%Ip):
M (t,s) = iao(s/so)“lp(t)fl'-'p(t)

Where F,(t) Is the proton-pomeron Form Factor
1 A
— Fn (D)

~ b (p) Where Fz(t) is the off-shell meson Form Factor

IP(Q2)

P(Pa) p(p1)

Pomeron — meson interaction:

p(po) p(p2)

F4(t)
t — m2

M = M;5(ty,513) M34(t5,24) + t © U + Mg




Introduction

Nonresonant central exclusive production

Proton — Pomeron interaction (~s%Ip):
M (t,s) = iao(s/so)“lp(t)fl'-'p(t)

Where F,(t) Is the proton-pomeron Form Factor
1 A
— Fn (D)

~ b (p) Where Fz(t) is the off-shell meson Form Factor
IP(g2)

p(Pa) p(p1)

Pomeron — meson interaction:

Rescattering amplitude
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Introduction

Nonresonant central exclusive production

Proton — Pomeron interaction (~s%P):
olp1) M (t,s) = iao(s/so)“lp(t)Tp(t)

Where F, (t) Is the proton-pomeron Form Factor

. . 1 A
Pomeron — meson interaction: — EZ(t)
t—m

Where F2(t) is the off-shell meson Form Factor

= h7(p4)
P(g2) Rescattering amplitude
p(p2) Mrfs

dzkmM(n — K iy — ke VE () F () S )

F2< > S
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Introduction

Nonresonant central exclusive production

| Proton — Pomeron interaction (~s%P):
P(Pa) p(p1) Mik (t, S) — io-o(S/So)aIP(t)Tp(t)

Where F, (t) Is the proton-pomeron Form Factor

. . 1 A
Pomeron — meson interaction: — Ez (t)
t—m

~ b (p) Where FZ;(t) is the off-shell meson Form Factor

P(g2) Rescattering amplitude
p(py) p(p2) MTFS
dzkmM(n — K iy — ke VE () F () S )

F2( e
M = M13(t1, 513) m M24(t2, 24‘) + t < U + Mres
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Introduction

p(pa) p(p1)

Nonresonant central exclusive production \‘W

* Proton-pomeron Form Factor F,(t):

One channel model:

F,(t) = eB/2t

M. Pitt @ DIS2024 12



Introduction

p(pa) p(p1)

Nonresonant central exclusive production \‘W

* Proton-pomeron Form Factor F,(t):

One channel model: Two-channels model (two diffractive states)

Ip) = a;|¢;), with coupling y;
Tp (t) = eB/2t F. (t) — e~ [b;(c;—t)]%i+[b;c;]%i
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Introduction

p(pa) p(p1)

Nonresonant central exclusive production \‘W

* Proton-pomeron Form Factor F,(t):

One channel model: Two-channels model (two diffractive states)
lp) = a;|¢;), with coupling y;
F,(t) = eB/2t F.(t) = e-[bilci=D]%i+[bic]%

 Pomeron-meson Form Factor &, (t):

br exp( exp( m?)), Exponential
Fm(f) = < exp(bore[@ore — \/agre _ (f — m?2)]), Orear, PRL 12 (1964) 112
p = h~ (pa) 1/ ( pow( — mg)) Power-law

o1 Il W W/ IvLveT 14



Introduction

Nonresonant central exclusive production — MC model

« Implemented in DIME event generator https://dimemc.hepforge.org/

Parameter = DIME-1 DIME-2 DIME-3 DIME-4 Remark

op |mb] 23 33 60 50 pomeron strength

ap 1.13 1.115 1.093 1.11 pomeron intercept, =1 + A

o/, [GeV™?]  0.08 0.11 0.075 0.06 pomeron slope

Vi 1+055 1+£04 1+£042 1+£0.47 dimensionless coupling to eigenstate ¢
2 |a;)? 1+008 1+£0.5 1+£052 1+£0.5 a;isthe amplitude of eigenstate ¢
by [GeV™?] 8.5 8 5.3 7.2

by [GeV™E 4.5 6 3.8 4.2 ‘

c; [GeV?]  0.18 0.18 0.35 0.53 . .

¢y [GeV?) 0.58 0.58 0.18 0.94 > pomeron coupling to eigenstates
dy 0.45 0.63 0.55 0.6 )

do 0.45 0.47 0.48 0.48

Harland-Lang, Khoze, Ryskin, EPJC 74 (2014) 2848
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Introduction

Nonresonant central exclusive production

(@ distribution is connected to the quantum mechanical amplitude of the process
« Di-pion production data can be fitted with a simple functional form

d3o
dP1,T de,T d¢

* Dip at ¢ = acos(R) can be understood as an effect of additional pomeron
exchanges, resulting from the bare and rescattered amplitudes

= [A(R — cosp)]? + c?

. . _ Wbty +ta)
+ Free parameters can be fitted using ~ Alf1-f2) = 4V hf A,

model-motivated functional forms R(k, ) ~ 1.2(y/—t + /=) — 1.6y/tt; — D.BI
PLB 464 (1999) 279, PLB 477 (2000) 13 Vit +0.1

C{fl-' fz} = Cﬂ.Eﬁr“I-I_f.‘!}.
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https://www.sciencedirect.com/science/article/abs/pii/S0370269399008758?via%3Dihub
https://inspirehep.net/literature/523060

Proton tagging

Tagging scattered protons — tagging diffractive events

« TOTEM: TOTal cross section Elastic scattering and diffraction dissociation Measurements at the LHC

®°
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e \\eﬂ“ ‘\O,_m\\

. A
et

* Protons scattered at small angles are deflected away

from the beam and measured by forward detectors.

» Two arms (sector 45 and 56) . TB e e
> Two stations (at ~213 and 220m) &) o Vip
» Top and bottom pots s ) ==
» Each station has 5+5 panes (‘v and ‘u’)

i BB sector 56
» Each plane has 4x128 strips T

sector 45 ' \ *‘\
M. Pitt @ DIS2024 https://cerncourier.com/a/totem-sees-elastic-scattering- 17
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Proton tagging

Tagging scattered protons — tagging diffractive events

« TOTEM: TOTal cross section Elastic scattering and diffraction dissociation Measurements at the LHC

« Protons scattered at small angles are deflected away e
from the beam and measured by forward detectors. B -9

» Two arms (sector 45 and 56) . TB e

» Two stations (at ~213 and 220m) \ ; D

> Top and bottom pots P \\ \

» [Each station has 5+5 panes (‘v and ‘U’) -

> Each plane has 4x128 strips \\ BB e
Detectors are operational t 2 K \ o
only at low beam intensity i

. https://cerncourier.com/a/totem-sees-elastic-scattering-
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Exclusive production of hadrons

Analysis overview

« Using data collected by CMS + TOTEM experiments in 2018 to utilize proton tagging
« Data recorded during LHC special high-* runs

« Events are triggered by forward proton detectors in 4 configurations: TT TB BT BB

« TB&BT: elastic veto was applied (trigger level) 01 CMS-TOTEM
 Proton acceptance 0.175 < p, < 0.670 GeV

« Hadron track acceptance p; > 0.1 GeV

« 2 tracks + 2 protons at the final state

M. Pitt @ DIS2024



http://arxiv.org/abs/2401.14494

Exclusive production of hadrons

Coverage:

Proton reconstruction efficiency Partial, Full
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Exclusive production of hadrons

Proton — track matching

« Sum of the scattered proton and central hadron momenta and the sum of the
scattered proton momenta

CMS-TOTEM 47pb" (13 Tev CMS-TOTEM L 47pb (13 Tev
: : : * : gl ¥, proton and central hadron
X, only scattered protons

"1 TT/BB topology:

‘|| kinematic cut at p,>175 MeV is visible
-05 0.5 1

-1 —05 05 1 -1 -0.5 05 1

Esz [GeV] Iopy [GeV]
‘ T TB/BT topology:
1  Elastic protons (pileup) are visible
1 Inall topologies inelastic backgrounds
i; is present (a slanted area)
1_\\\ wwwlww_ 1_ il 1_‘- ||||||||||||\
-1 —05 0.5 1 -1 =05 0.5 1 ) 0 0. -0.5 0.5 1
LoPy [GeV] Lopy [GeV] 2.p, [GeV] TP, [GeV]
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Reconstruction of charged particles in CMS

Performance of the CMS tracker

« Particle ID based on dE/dX measurement, and probability P, (&, p) IS contracted

« Select 2 track events of the same type: Py, - Py, > 10 Py - Py fork # h

i 1
35 CMSl T\OT\E\N! TTT T T T ] 35 1 T T T TTTT T T 1 ] 35 r T T T 11 ﬂ-\7 pb\ (|1|3 \Tev)
r [a.U.] — T 1 A [a.U.] ------- K1 - ' [a_u_]- - p
3| ' 3| ‘ 31 e 0.4 |
: 60 : ; 0.3
~ 25| 40 —~ 25| —~ 25| 0.0
E )l 5 o | 5 5| 0.1
> : > : > ?
%1.5} %1.5} %1.5}
S 4 T £ 4
0.5 05 | KK 1 05 [ pp
O : | | I I | | | I 1 ] O : | | L 1111 | | L1 ] 0 L | | | I | | | -1 1
0.1 0. 05 1 2 5 10 01 02 05 1 2 5 10 01 02 05 1 2 5 10
p [GeV] p [GeV] p [GeV]
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Reconstruction of charged particles in CMS

Performance of the CMS tracker
« Particle ID based on dE/dX measurement, and probability P, (&, p) IS contracted

« Select 2 track events of the same type: Py, - Py, > 10 Py - Py fork # h

« Impose track-RP matching — protons suppressed due to limited energy

3.5

35 T ST T T T

_ \ [a_ggl 7\[7 e E E I \\\ T T TTTT [aulg {7I|7 e E
3F ' — T 3F N — T
S 60 K- F i K-
~ 25 20 Pl =25} ~ P
5 20 I 5 I 2
[H] I () I
=15 | = 15|
W r W r
£ 1 =1
0.5 [ Signal 0.5 | Sideband
0 i | | | L1111l | | 1 0 : | | | I | ]
0.1 0. 05 1 2 5 10 0.1 0. 05 1 2 10
p [GeV] p [GeV]
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Reconstruction of charged particles in CMS

Performance of the CMS tracker

« The combined reconstruction and High-Level Trigger efficiency

CMS-TOTEM S:mulatton

M. Pitt @ DIS2024 24



Exclusive production of hadrons

Event classification

. Based on the distributions %, = (Z,py, Z,py), and X, = (T,py, Z,py) a classification

variables (Mahalanobis distance) are constructed (%) = VZTV-1%, where V(Z) is

the covariance matrix

| 47pb4(13TeV)

- ---- chidistr + bekg]
. — - bckg 1

k=0.154 ]
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IIIII"','I";II dat'a """" _""I"','IIIII
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30 : . - - bckg
25 | ' ]
2 20 | i 2
o o
S 15 | 1 3
(o] i o
o (&)
10 | .
‘ k =0.130
5 |
0 | L by

X2
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Background subtraction

Exclusive production of hadrons

 Fitting the background component k, we can estimate background contamination in

the signal region: [**% ye ™"t =

counts [1 03]

70 F -

W e (&) »
o o o o

N
o

—
o
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1 —— data
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k=0.154 -

10

12

XSB
XSR
0.2
0.15
~ 0.1
0.05

0 I
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Background subtraction

the signal region:

Exclusive production of hadrons

xe *X sensitive to fitted k parameter

 Fitting the background comionent k, we can estimate background contamination in

counts [1 03]
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Exclusive production of hadrons

Background subtraction
 Fitting the background comionent k, we can estimate background contamination in

the signal region:

counts [1 03]
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Systematics

« Several sources, reasonable systematics (~5%)

Source Value Remark

Pileup correction 1.0% through visible cross section (oys)
Lumisections with reduced RP availability 0.5%

Integrated luminosity (Lint) 2.5%

HLT efficiency small neglected

Total normalisation-type 2.7%

Roman pot efficiency ~ 3.0% to be taken twice
Background removal < 0.5% neglected

Lost events during background removal —0.16% neglected

Lost events due to looper cut < 0.5% neglected

Single particle tracking efficiency 1.4% to be taken twice
Particle identification efficiency < 1% neglected

Total efficiency-type 4.7%

Total systematics 5.4%

M. Pitt @ DIS2024 29



Results

« Measure differential cross-section if di-pions as a function of ¢ in p; bins, ub/GeV?

Example of single [p,1,p,7] bin

4.7 pb™' (13 TeV)

W

Plots in range of:

]

NOLMNWANON®RWOO U1 = 1 N WL A

0.4 < pr/GeV < 0.6

—_

(=]

d’s/dp, 1dps 1do [ub/GeV?]
0.55 < pp 1 < 0.80 GeV

[ o TT "
. - TB 3
|
|

(o2}
—_

= TT W

~ TB th
— BB
BT

- —+ average

-, — fit 7

[4)]

> BB

BT
-5- average
— fit 4

A~ O O

0.50 < py 7 < 0.5 GeV

W

d®oldp; 1dp, 1df [ub/GeV?]

o =
R

16 —

—_

N

—

0.45 < py 1 < 0.50 GeY

d°s/dp, 1dp, 1dd [ub/GeV?]

-

—_
O=NWPLrAON~N0DOO
T

o

A

0.50 < p;y 1<0.55 GeV

d ofdp, dp, dp [Hb/GeV-]

U 040 <py71<0.45GeV

t ;)A! ‘ i : & ,"-..' : Nlﬂ:

0.40 < py 1 < 0.45 GeV 0.45 < p, 1 < 0.50 GeV 0.50 < p; 1 < 0.55 GeV 0.55 < p; 1 < 0.60 GeV
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Results

From @ distributions parameters A, R, ¢ as a function of p; are fitted

10"

10°

107

A/(4 py 1 P27) [VNb/GeV?)
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$4%
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Results

* From ¢ distributions Form-Factor are fitted
* Tuning is done with PROFESSOR (v2.3.3)

Parameter Exponential Orear-type Power-law DIME 1 /2
Empirical model

fore|GeV] — 0.735 + 0.015 —

Bexp /ore /pow |[GEV ™ 1.08440.004 1.782+0.014 1.356 =+ 0.001

Bp [GeV 7] 3.757 £0.033 3.934+0.027 4.159+0.019

x*/dof 9470/5796 10059 /5795 11409/5796

One-channel model

0y[ mb] 34.99 +0.79 27.98 £ 040 26.87 +£0.30

&p—1 0.129£0.002 0127+£0.001 0.134 +0.001

ap [GeV™] 0.084£0.005 0.034£0.002 0.037 £0.002

.| GeV] — 0.578 + 0.022 —

Dexpyore/pow|GEV 2 1] 082040011 1.385+0.015  1.222 40.004

Bp [Gerz] 27454+0.046 4.271+£0.021 4.072+£0.017

x*/dof 7356/5793 7448/5792 8339/5793

Two-channel model

ay[ mb] 2097 £0.48 22.89£0.17 23.02+0.23 23 /33
ap—1 0.136+0.001 0.129+£0.001 0.131+0.001 0.13 / 0.115
ap [Gerz] 0.078£0.001 0.075£0.001 0.071 £=0.001 0.08 / 0.11
Aore[GEV] — 0.718 +0.012 —

Dexp/ore/pow|G 0.9174+0.007 1.517+0.008  0.931 +0.002 0.45
Alal? 0.070 £0.026 —0.058 £0.009 0.042+0.011 —0.04 / —0.25
A7y 0.052+0.042 0.131+0.018 0.273+0.023 0.55 /04
by [GeV?] 8.438£0.108 8.951+0.041 8.877 +0.040 8.5/ 8.0
c1 [GeV?] 0298 £0.012 0.278+£0.004 0.266 £0.006  0.18 /0.18
dq 0.4724+0.007 0.465+£0.002 04651+0.003  0.45/0.63
b, [GeVZ] 4982+0133 4222£0.052 4.780 %+ 0.060 45/6.0
¢, [GeV?] 0.542+0.015 0.522+£0.006 0.615+0.006  0.58 / 0.58
d, 0.453+£0.009 0452+0.003 0431+0.004 045/047
X%/ dof 5741 /5786 6415/5785 7879/5786

« Diffractive Model
(Proton-pomeron FF + Rescattering)

» Empirical

» One-channel

» Two-channels
Pomeron-meson Form Factor

» Exponential
» QOrear-type
» Power-low
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Results

* From ¢ distributions Form-Factor are fitted
* Tuning is done with PROFESSOR (v2.3.3)

« Diffractive Model
(Proton-pomeron FF + Rescattering)

» Empirical
» One-channel

» Two-channels
Pomeron-meson Form Factor

» Exponential

Parameter Exponential Orear-type Power-law DIME 1 /2
Empirical model

fore|GeV] — 0.735 + 0.015 —

Bexp /ore /pow |[GEV ™ 1.08440.004 1.782+0.014 1.356 =+ 0.001

Bp [GeV 7] 3.757 £0.033 3.934+0.027 4.159+0.019

x*/dof 9470/5796 10059 /5795 11409/5796

One-channel model

0y[ mb] 34.99 +0.79 27.98 £ 040 26.87 +£0.30

&p—1 0.129£0.002 0127+£0.001 0.134 +0.001

ap [GeV™] 0.084£0.005 0.034£0.002 0.037 £0.002

2.l GeV] — 0.578 £ 0.022 —

Bexo /ore/pow|GEV 27" 1] 0.820+0.011  1.385+0.015  1.222 +0.004

Bp [GeV 7] 27454+0.046 4.271+£0.021 4.072+£0.017

x*/dof 7356/5793 7448/5792 8339/5793

Two-channel model

ay[ mb] 2097 £0.48 22.89£0.17 23.02+0.23 23 /33
ap—1 0.136+0.001 0.129+£0.001 0.131+0.001 0.13 / 0.115
ap [GeV*Z] 0.078£0.001 0.075£0.001 0.071 £=0.001 0.08 / 0.11
A0 GeV] — 0.718 £ 0.012 —

Bexp /oxe/pow [C 0.9174+0.007 1.517+0.008  0.931 +0.002 0.45
Alal* 0.070 £0.026 —0.058 £0.009 0.042 £0.011 —0.04 / —0.25
A7y 0.052+0.042 0.131+0.018 0.273+0.023 0.55 /0.4
by [GeV? 8.438£0.108 8.951+0.041 8.877 +0.040 8.5/ 8.0
c1 [GeV?] 0298 £0.012 0.278+£0.004 0.266 £0.006  0.18 /0.18
dq 0.4724+0.007 0.465+£0.002 04651+0.003  0.45/0.63
b, [GeVZ] 4982+0133 4222£0.052 4.780 %+ 0.060 45/6.0
¢, [GeV~] 0.542+0.015 0.522+£0.006 0.615+0.006  0.58 / 0.58
d, 0.453+£0.009 0452+0.003 0431+0.004 045/047
X%/ dof 5741 /5786 6415/5785 7879/5786

» Orear-type
» Power-low
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* From ¢ distributions Form-Factor are fitted
* Tuning is done with PROFESSOR (v2.3.3)

1 CM,S—,TOET,Elvl _____47pb” (13TeV) « Diffractive Model
- —— Empirical: exponential a :
= [ - Two-channel: eigen1 . 7 | (Proton-pomeron FF + Rescattering)
L - - - Two-channel: eigen2_ = 7 o
5081 T > Empirical
O - - . 1
«© L _ - ~. i
o6 - : » One-channel
< [ : » Two-channels
%(14§ - -
Il » Exponential
s 02 | -
£ | > Orear-type
O_‘.‘.m.‘.m.‘.m.‘.\.‘..\.‘.._
206 -05 -04 -03 -02 -01 0 » Power-low

t [GeV?]
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* From ¢ distributions Form-Factor are fitted
* Tuning is done with PROFESSOR (v2.3.3)

CMS-TOTEM 4.7 pb! (13 TeV)
T T T T | T T T T 1 T T T T | T T T T .‘ T T T T
—— Two-channel: exponential :

| - - Two-channel: Orear-type | (Proton-pomeron FF + Rescattering)

SRR Two-channel: power-law o
» Empirical
» One-channel
» Two-channels
* Pomeron-meson Form Factor
» Exponential
* » Orear-type
0 » Power-low

o ©
o (00]
T T T T T T |
|

o
N

o
)V}

Meson—pomeron form factor Fy,(t)
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Results

* From ¢ distributions Form-Factor are fitted
* Tuning is done with PROFESSOR (v2.3.3)

parameter

anre

CMS-TOTEM

4.7 pb " (13 TeV)

Coa

-=- empirical, exponential
-2~ gmpirical, Orear-type
- e empirical, power-law

0.01 0.1 1
value

10

parameter

One-channel

CMS-TOTEM 47pb’' (13 Tev)

|

0O&

-5 One-channel, exponential
-2- ne-channel, Orear-type
-©- One-channel, power-law

0.01 0.1 1
value

10

M. Pitt @ DIS2024

parameter

Two-channels

CMS-TOTEM 4.7pb" (13 TeV)
Op el
op-1 o
Op ®
Agre &
b O poa
;_\,|a|2 L X - St
Ay g—a 801
b, o
Cy Om
d1 43
b & Dime 1 3
21 O Dime2 «
Cs -=- Two-channel, exponential D
2~ Two-channel, Orear-type
d2 [ -e- Two-channel power-faw @ el
-0.1 -0.01 0.01 0.1 1 10
value

36



* From ¢ distributions Form-Factor are fitted
* Tuning is done with PROFESSOR (v2.3.3)
« Two — channel fit for different pomeron — meson form factors

CMS-TOTEM

parameter
M. Pitt @ D1S2024




Results

 Fitted distributions shows a good quality — a ground state protons is enough?

CMS-TOTEM 7 pb™ CMS-TOTEM 7pb”!
oI ‘ ' 25 Co 18 14 4+7 pb- (13 Tev) <60 45 35 ‘ s 47pb (13 TeV)
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0.40 < py 1 < 0.45 GeV 0.45 <p; 7 < 0.50 GeV 0.50 < py 1 < 0.5 GeV 055 <p; 1 < 0.60 GeV 0.60 < p, 1 < 0.65 GeV 0.65<py 1 < 0.70 GeV 0.70 <Py 1< 0.75 GeV 0.75 < p, 7 < 0.80 GeV
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Results

 Fitted distributions shows a good quality — a ground state protons is enough?

- Virtual hadrons — important to fix the value of b,,,, from 0.45 to 0.9 GeV~

_ CMS-TOTEM 4.7 pb”' (13 TeV)
g I . _
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> g i
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Summary and discussion

Analysis
v Central exclusive production of charged pions at 13 TeV in resonance-free region
v" Differential cross-sections in bins of [p;1,p,1]
v' Azimuthal angle ¢ between the surviving protons
Results
v" First observation of parabolic minimum in ¢ distribution
 Interference of the bare and the rescattered amplitudes
v' First model tunning of pomeron related quantities

v' Good quality fits
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Summary and discussion

Analysis
v Central exclusive production of charged pions at 13 TeV in resonance-free region
v" Differential cross-sections in bins of [p;1,p,1]
v' Azimuthal angle ¢ between the surviving protons
Results
v" First observation of parabolic minimum in ¢ distribution
 Interference of the bare and the rescattered amplitudes
v' First model tunning of pomeron related quantities

v' Good quality fits
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Results

« Measure differential cross-section if di-pions as a function of ¢ in p; bins, ub/GeV?

5 CMS-TOTEM

do/dp; 1dp, 106 [ub/GeV?]
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o oo o O
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" 10}
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0.30 < pp 1 < 0.35 GeV 0.35 < py 1 < 0.40 GeV

0.25 < py 7 < 0.30 GeV



Results

« Measure differential cross-section if di-pions as a function of ¢ in p; bins, ub/GeV?

4.7 pb™' (13 TeV) CMS-TOTEM 47pb~' (13 TeV)
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