CMS results on soft diffraction

D
‘bﬂ'h‘{' ﬁ'{,

Zﬂ?&m = Konstantin Goulianos (on behalf of the CMS collaboration )

ffﬂwirﬂ@e The Rockefeller University

.-‘h-'

EDS BLOIS 2013, 151" Conference on Elastic and Diffractve Scattering, 9-13 Sep 2013,
University of Helsinki and Helsinki Institute of Physics (HIP), Saariselka, Finland.



Outline

« CMS detector
o Soft diffractive cross sections
« Forward rapidity gap cross section

e SUMMary

Reference: CMS PAS FSQ-12-005

EDS2013-Dino




CMS detector

(Inl > 8.1)

e Tracking

/(30<n| <5.0)

In| < 2.4, p; down to ~100 MeV

e Calorimetry

e Electromagnetic calorimeter Inl< 3.0
e Hadronic calorimeter (HB,HE,HF) |n|< 5.0

® Forward detectors:

not used in this analysis [

EDS2013-Dino

- HF, hadron forward calorimeter (10m from IP)

- BSC, beam scintillator counters (in front of HF)
- CASTOR calorimeter (one side only)

- FSC (Forward Shower Counters)

- ZDC (zero degree calorimeter)

3<In| <5
3.2<|n| < 4.7
-6.6<n<-52

6<|n| <8
In| > 8.1



Soft diffractive cross sections

First CMS measurement of inclusive diffractive cross sections.
Using Large Rapidity Gap (LRG) signatures.

SD and DD separated with CASTOR (-6.6 < n< -5.2).

. Low-PU 2010 data at Vs= 7 TeV.

« Minimum-Bias trigger (hit in either of BSCs). ,
« Based on Particle Flow objects (tracking+calorimetry). R __ (©) @

« At least 2 PF objects in the BSC acceptance. non',\,dgfracuve ’ | d°§§'e' °e””a"§'[§”ac“ve
« No vertex requirement (to retain M,<100 GeV).

Minimum-Bias sample in the central CMS detector (-4.7<n< 4.7).

MC simulations:

- PYTHIA8-4C: diffraction with Schuler&Sjostrand model from PYTHIAG.

CMS PAS FSQ-12-005 Tune 4C - additional scaling of SD and DD downwards by 10% and 12%.
« PYTHIA8-MBR (*): diffraction with MBR model.

Pomeron intercept €=0.08 and additional scaling of DD downwards by 15%.

* MBR (Minimum-Bias Rockefeller) — implemented in Pythia8.165. Regge-based model with renormalized flux, developed for and
successfully tested at CDF. Hadronization model tuned to describe diffractive masses at lower energies. More details in 'Recent
developments on diffraction in Pythia8' talk by Robert Ciesielski at MPI12012@CERN.

EDS2013-Dino http://indico.cern.ch/conferenceOtherViews.pyview=standard&confld=184925
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Soft diffractive cross sections

Experimental topologies of diffractive events with LRG
SD1 type — gap on +side SD2 type — gap on -side DD type — cental gap

CMS Preliminary,ys =7 TeV, L= 16.2ub’ CMS Preliminaryys=7 TeV, L= 16.2 ub" CMS Preliminaryys=7 TeV, L= 16.2ub™

® [ala
PYTHIAB-MBR:

= sDi

min max
ﬁl ntral detECtor
|

Nmax(Nmin ) - highest (lowest) n of the particle reconstructed in the cental detector.
N%..(N°.i,) - Closest-to-zero positive (negative) n of the particle in the central detector. An®=n°__—n° .

| |

All types - measure forward- SD2 type, n..>-1 selection DD type, An° >3 selection -
rapidity-gap cross section (and + CASTOR (to separate measure DD cross section
compare to ATLAS) SD/DD events) - measure

No separation of SD and low- SD and DD cross sections

mass DD events. _
EDS2013-Dino CASTOR only one-side. CMS PAS FSQ-12-005 .



Soft diffractive cross sections

Separation of SD/DD events with CASTOR

SD2-type +n_. >-1 selection - SD events and DD events with low-mass hadronic system escaping detection in the central detector

— CASTOR tag to select the sample enhanced in DD events and calculate SD and DD cross sections.

min

elastic proton
or low-mass =
dissociated system?

CASTOR calorimeter — layers of tungsten absorber and quartz plates. -
12 longitudinal modules and 16 azimuthal sectors. ™ aeron
Sensitivity: 0.5 <log,,(M,/GeV)<1.1 (3.2<M<12 GeV). — >
DD events

CASTOR tag — signal above threshold (1.48 GeV) in at least one of 16
sectors (summed over the first 5 modules).

EDS2013-Dino CMS PAS FSQ-12-005 ¢



Soft diffractive cross sections

Kinematic phase space (diffractive-mass range) after all selections.

CMS Simulation

SD (pp — pX), 7 TeV [ PYTHIA8-MBR
[ BSC_OR
Hl min activ.
m nmm S -1
-~ vix(ndof>1)

CMS Simulation

SD (pp — pX), 7 TeV [ PYTHIA8-4C

[ BSC_OR
Hl min activ.
\:l nmm > -1

-~ vix(ndof>1)

Generator level SD process —>

35
Iogm(Mx/GeV)

SD2-type events with the n_. >-1 selection (forward gap)
and no CASTOR tag: 12 < Mx < 394 GeV

BSC_OR

<— Generator level DD process

25 3 35

log, (M /GeV) log, (M /GeV)

JLIA 100

SD2-type events with the n . > -1 selection (forward gap) DD-type events with the An°> 3 selection (central gap):
and a CASTOR tag: 12 <M, <394 GeV, 3.2<M,< 12 GeV An> 3, M,>10 GeV, M,>10 GeV

CMS PAS FSQ-12-005 7
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Soft diffractive cross sections

Detector-level distribution of fractional proton momentum loss, C.

CASTOR tag performance. PYTHIA8-MBR
CMS Praliminary \s=7 TeV, L = 16.2 b’ CMS Praliminary, ¥ = 7 TV, L= 162 b’ CMS Preliminary s = 7 TeV, L = 16.2ub’
SD2 with an n_. > -1 selection. ® 4 Fuof * B e )

NoCASTOR ta 825 CASTOR tla

B sbz
oo
B CD
[ ND

SD and DD cross sections measured
as a function of C.

PYTHIA8-4C
¢ reconstructed from PF objects, ) CMS Preliminary ¥5=7 TeV,L = 16.2ub " CMS Preliminary Vs =7TeV, L= 162u0" CMS PreliminaryN& = 7 TeV, L =16.2ub '
corrected for particles lost in the uwl o e [-c.;.
beam hole or below PF thresholds wh B2 CASTOR tag
(MC-based {-dependent correction). =L

The DD contribution to the no-CASTOR tag sample reduced to ~20% (dominant background).
DD simulation validated with the CASTOR tag sample.

PYTHIA8-MBR gives a better description of the data and is used to extract cross section.

PYTHIA8-4C used for systematic checks (hadronization, diffraction model).
EDS2013-Dino CMS PAS FSQ-12-005 g



Soft diffractive cross sections

SD and DD cross sections (bin-by-bin correction)

CMS Preliminary,Ns = 7 TeV, L = 16.2ub" CMS Preliminary, v = 7 TeV, L= 16.2ut" dosD B N;fg&st — (Npp + Nep + Nyp)M€
. CMS dlog,, & acc - L - (Alogyy &) pin
PYTHIA version:

— PB-MBR e=0.08

- PB-MBR (default) <=0.104

doPP Ng or — (Nnp + Nsp + Nep)M©

dlog,, éx acc- L - (Alogy, &x ) bin

MC-based background subtraction (see previous slide).
acc — acceptance (pileup correction included, ~7%).
Hadron level — generated masses.

Error bars dominated by systematic uncertainties (HF energy scale and hadronization+diffraction model uncertainties dominate).

Results compared to predictions of theoretical models used in PYTHIA8-MBR, PYTHIA8-4C, and PYTHIAG:

—>SD cross section integrated over -5.5 < log,,§ < -2.5:
- multiplied by 2 to account for both pp — pX and pp — Xp processes.

* PYTHIA8 MBR shown for two values of the Pomeron trajectory (a(t) = 1+e+a't), €=0.08 and €=0.104.
Both describe the measured SD cross section well. The DD data favour the smaller value of .

® The Schuler&Sjostrand model used in PYTHIA8-4C and PYTHIAG describes the DD cross section,
but fails to describe the falling behavior of the SD data.
° 0°P . .= 4.27 £ 0.04 (stat.) *9-°> o (Syst.) mb

12 < M, < 394 GeV

EDS2013-Dino CMS PAS FSQ-12-005 ¢



e Data

PYTHIAS-MBR: CMS PreliminaryNs = 7 TeV, L = 16.2ub’

e CMS
DD (pp — XY) PYTHIA version:

M,>10, My>10 GeV — P8-MBR €=0.08
---- P8-MBR (default) e=0.104

dgPP _ N — (Nnp + Nsp + Nep) ™
dAn acc - L - (A1) pin

MC-based background subtraction, ND dominant.
acc — acceptance (pileup correction included,

extrapolation from An®> 3 to An> 3). . . w
Hadron level — generated masses, An = -log(M,2M. 2/ss,). Error bars dominated by systematic uncertainties (HF energy scale,

and hadronization+diffraction model uncertainties dominate).

Results compared to predictions of theoretical models used in PYTHIA8-MBR, PYTHIA8-4C and PYTHIAG.
The predictions are in agreements with the data.

The DD cross section integrated in the region An> 3, M,>10 GeV, M,>10 GeV.:

oPP .= 0.93 + 0.01 (stat.) ¥, ,, (syst.) mb

EDS2013-Dino CMS PAS FSQ-12-005 1¢



Forward rapidity gap cross section

Forward rapidity gap defined as An"=Max(4.7-n._...4.7+n....).

do(An®) _ A(Ap") N(An") — Npo(AyF) Bayesian unfolding.
dAg?  Apiwwian €(AgF) x L Hadron level: stable FS particles with p;>200 MeV, |n|<4.7.
" ) Migration matrix from PYTHIA8-MBR.
\ = number of Minimum-8ias events, Cross section limited to AnF<8.4 (small trigger efficienc
Ngs— number of background events (beam-gas, ) _ '<o. 99 _ y
estimated from unpaired bunches, < 1%). uncertainty) Different run than for SD/DD cross sections.

A — correction factor for the migrations between bins.
€ - trigger efficiency,

CMS Preliminary, /s = 7 TeV, L=20.3pub" o 4
CMS Preliminary, Vs = 7 TeV, L = 20.3 ub

—&— Uncorrected Data
———— PYTHIA8-MBR (e = 0.104)
PYTHIA8-MBR (e = 0.08)

PYTHIA8 4C

Truth Level An®

——— PYTHIAG Z2star

6 7 8 9.
Reconstructed An

Detector-level AnF distribution.

EDS2013-Dino CMS PAS FSQ-12-005 11



CMS Preliminary, /5 = 7 TeV, L = 20.3 ;ab“ CMS Preliminary, /5 = 7 TeV, L = 203 ub'l CMS Preliminary, Vi= 7TV, L =203 ; B!
20.3 pb !

"YTHIAS-MBR (e = 0.1 l}-'l-j_l:

0.3 ub ! 4 0t L
YTHIAS-MBR (¢ = (.08) | "

de/dAyt [mb]

Single Diffractive Non-diffractive
Double Diffractive Single Diffractive
ral B o t -+ Double Diffractive

Non-diffractive
Single Diffractive
Double Diffractive
Central Diff :

de/dAy’ [mb]

=
E
:‘;-...
3
=
=
=

T T T[T

T

Hadron-level comparison of the forward rapidity gap cross section to 3t
predictions of PYTHIA8-MBR (¢=0.08 and €=0.104), PYTHIA8-4C and fff“‘"z'**‘“ :

PYTHIAG-Z2* simulations. ' - Single Diffracive.

do/dAy’ [mb]

Exponentially falling ND contribution dominant for An~<3, above this
value cross section weakly changing with AnF:

Sensitivity to model dependence.
PYTHIA8-MBR (¢€=0.08) — best description within uncertainties.

EDS2013-Dino CMS PAS FSQ-12-005 12



Forward-rapidity gap cross section

Comparison to the ATLAS measurement (EPJ C72 (2012) 1926).
CMS Preliminary, /s = 7 TeV, L = 20.3 ub~!

0 g == CMS, L =203 b~
. —e— ATLAS, L =7.1 _ub'l

de/dAy" [mb]

R L e e R ASRARRE

ATLAS / CMS5

Different hadron level definition: |n|<4.7 (CMS) vs |n|<4.9 (ATLAS) — up to 5% effect.
Different MC sample used for unfolding — ~10% effect.

Agreement with ATLAS within uncertainties.

CMS extends the ATLAS measurement by 0.4 unit of gap size.

EDS2013-Dino CMS PAS FSQ-12-005
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Summary

« Inclusive SD and DD diffractive cross sections measured at 7 TeV

~ 0°P . =4.27 +0.04 (stat.) "% . (syst.) mb for -5.5<log,g < -2.

~ oPP,.=0.93 £ 0.01 (stat.) *-%° ,, (syst.) mb for An>3, M,>10 GeV, M,>10 GeV
« Forward rapidity gap cross section compared to ATLAS measurement

~ extends the ATLAS measurement by 0.4 units of gap size.

New results on the way. Check the latest CMS results at:

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsFSQ
EDS2013-Dino 14



