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Physics motivation C@
IREM

“Exclusive production: the protons remain intact (not detected in CMS) after the interaction and
escape undetected along the beamline or dissociate into undetected low mass states.
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Physics motivation ... C@

IRM

Contribution may come from exclusive sources, with large cross-sections well

measured in previous experiments at lower energies:
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Ref: Nucl. Phys. B264 (1986) p. 154

> Spectroscopic study: low-mass scalar resonances

> Different analysis from up: larger o and larger

background




Experimental signature

+ Signal:

« Only two tracks, no other track on vertex
+ No additional signals in the calorimeters
+ py(w) > 200 MeVic

+ |y(m)| < 2.0

Exclusive production of hadrons at central
rapidities phenomenologically described in terms
of “DPE” Double Pomeron Exchange when the

mass of central system is low, or perturbatively in
“CEP”

CMS Preliminary pp at Vs =7 TeV, L, =450 ub”'
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CMS (Compact Muon Solenoid) @

IRM

ECAL
PbWO4crystals HCAL

Brass/scintillator

IRON

TRACKEE

Microstrip silicon
Pixels
Total weight : 12,500 t MUON
Diameter : 15 m - ENDCAPS
Length: 21.6 m 'ON BARREL
Magnetic ficld : 4 Tesla Drift Tube Resistive Plate Cathode Strip Chambers ( CS
(PT) Chambers ( gpgd Resistive Plate Chambers (RPC)

Pseudorapidity: , =- inttan(6/2))



Forward detectors at CMS @
1IEM

Hadronic Forward (HF) Hadronic Forward (HF)
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Three cherenkov calorimeters:
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m rapidity coverage: m rapidity coverage: m rapidity coverage:
2.9 < [n| < 5.2 6.6 < 1 < -5.2 | > 8.4
m at 11.2 m from IP m at 14.3 m from IP m at 140 m from IP
—r»gure adapted from CMS

Risto Orava

Pseudorapidity:
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Monte Carlo models C@

« PYTHIA 8: MBR (Minimum Bias Rockefeller) model used to generate pp events with particle
production from three diffraction dissociation processes:
« Single dissociation (SD): one proton dissociates; p + p = Xp,
 Double dissociation (DD): both protons dissociate; p + p = XY
 Double Pomeron Exchange (DPE): neither proton dissociates;
pp = pXp The produced system X is then fragmented into hadrons by
PYTHIA. (https://indico.cern.ch/event/195114/contribution/1/material/slides/0.pdf)

« STARLIGHT: The production of vector mesons in exclusive photoproduction yIP, e.g.
p% =» 1*1r. In this MC generator, one of the protons emits a quasi-real photon, that materializes
into a vector meson by scattering with the other proton via IP exchange

« Dime MC: The Durham Dime MC model provides theoretical predictions for pp = ptmrmp
processes. (continuum contribution — resonances not included)




Data Analysis



2010 Data sample corresponds to an
integrated luminosity of 450 pb-1

Low pileup beam conditions at \7 TeV

Trigger: HLT_ZeroBias

Exactly two opposite-sign tracks with
p+(T) > 200 MeV/c and |y(TT)| < 2

Track-quality cuts (high purity) to
remove fake tracks

Primary vertex with 2 tracks and
|z] < 15 cm of the nominal center

No extra calorimeter activity

Event selection

D,

IRV

Selection Data: events left
High-level trigger zero-bias 33214795
Exactly two tracks 215139
Track purity 170990
ly(track)| < 2 128375
pr(track) > 0.2 GeV/c 103038
Vertex with 2 tracks 58468
|Zvertex| < 15 cm 57602
Eeg < 0.52 GeV 49462
Erg < 218 GeV 42988
Eys < 1.18 GeV 41703
EHE < 1.95 GeV 32565
Epr+ < 4.0 GeV 14037
Eyr- <4.0 GeV 6102
Opposite-sign 5402
Same-sign 700
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Data-driven estimate of background
Background Control Region

CMS Preliminary pp at Vs =7 TeV, L =450 ub

L 4000 N2, W>02Gove wi<z | a) 1> Signal: (Zero-bin with opposite-sign (OS) events)
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LI>.I 7000:— —+—— data: OS corrected for pileup+noise—:> Background.
C ——o— data: SS ] '“ . ”
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] ]
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- — H -
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4
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Take the shapes from events in these 5 bins

» Use the same procedure on same-sign (SS) events
(purely background)
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Signal distributions @D,
Signal: Opposite-sign (OS) II!M
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Particle identification C@

study of non-pion contamination II_!M
L

The 1dentification of charged pions is carried out using measured momentum and
1solation energy loss, dE/dx, of the low momentum tracks traversing the silicon tracker

CMS Preliminary pp at Vs =7 TeV, L =450 ub™ CMS Preliminary pp at s =7 TeV, L . =450 ub™
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» Separation of pions from Kaons and few protons: M = p(dE /dx-C)/ K

» Scatter distribution shows the separation of two tracks
* ~90% of two tracks are 1r11* in the momentum range of 0.2-0.7 GeV/c
o ~2.5% are K+K-, ~7% are pi-K, ~0.9% are pi-p

« We do not subtract the non-1r-11 background (efficiency mass dependence)
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Systematics ... C@

IRM

Uncertainty (%)

Background estimation 7.2
Tracking efficiency (pion pair) 7.8
Luminosity measurement 4.0
Unfolding 10.3

HF energy scale 2.0
Barrel, Endcap energy scale 3.9

« Table above summarizes the sources of total systematic uncertainty
on the cross section measurement

* The total systematic uncertainties is obtained by adding the
individual sources in quadrature
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CMS pp at Vs =7 TeV, L =450 ub” “ CMS pp at {5 =7 TeV, L =450 ub”
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 Differential cross section:

with p+(1m) > 0.2 GeV/c and |y(T)| < 2

compared to the predictions of DPE productions from the Dime MC (red/green-curves),

and STARLIGHT (dash). (Here: Dime MC & Starlight are stacked)

 The shaded blue band shows the overall systematic uncertainty, and the thin error bar
indicates the statistical uncertainty

» The results are plotted on a linear scale (left) and a logarithmic scale (right)
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do / d [ py(mm), y(mwm), pr(o) | @D

IRV
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== _ 5 « As the rapidity gap still extends to |n| = 4.9, the

: : minimum gap size in this case is 3.9, a fact that leads
to a reduction of the contribution of non-pomeron
exchange.
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« Corrected differential cross section, comparing |y(1r)| regions <1 and 2
* New Mass(mr 1) plot does have the strong features f0(980) and f2(1270)

« The minimum gap increases to 3.9, which will select purer DPE events and seems to
enhance the resonance structures.
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Summary (s»

IRV

Integrated and differential cross sections of the pion-pair production for the exclusive and semi-
exclusive reaction

Using the proton-proton collisions at V7 TeV with the CMS detector with an integrated luminosity
of 450 ub-"

The integrated cross section in the phase space of p(1) > 0.2 GeV/c and |y(1T)| < 2 with no
additional particles above threshold

The 111" cross sections as a function of in variant mass, p;, and y have been compared to
model predictions: Dime MC and STARLIGHT

The integrated measured cross section is larger than the predictions based on exclusive 11T
without proton dissociationation, with most of the excess at p(mm* ) > 0.5 GeV/c.

The invariant-mass spectrum shows some features not included in the purely non-resonant
predictions
« Similar to those observed in lower-energy p-pbar [CDF with ¥1.96 TeV for p> 1 GeV/c:
Phys Rev D 91, 091101(R) (2015) ], and qualitatively reproduced in Phys. Rev. {D92}

(2016) 054015.
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