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Soft physics

Soft domain of the strong interaction

e Soft interactions: interactions with low transverse momentum exchange
where perturbative approach is not applicable

e Soft phenomena approached with phenomenological methods

* Total and inelastic pp cross sections dominated by soft interactions

0-tot — 0-el + Ginel — cjel + GDiffractive + GnonDiffractive

* Areaincludes: @7 TeV:

: : : 0,..:"75%of o
> Total & inelastic pp cross sections e 30% of
This talk O Diffractive - 0 OT Oy

» Diffraction (indicated by rapidity gaps) O, oifciive NS SOft and
» Underlying event hard components
» Multi-parton interactions | Talks by S. Martin-Haugh, E. Kryshen
» Hadronization
Source of crucial information for Monte Carlo tunes needed to properly
simulate ~all processes studied at LHC
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CERN-EP-2018-004

CMS: Inelastic pp cross section

* +/s = 13 TeV, using 2015 low-pileup LHC runs with average pileup between 0.05 and 0.54
* Trigger on filled bunch crossings (empty/single bunch triggers to collect background events)
» Offline selection: energy deposits above 5 GeV in a forward calorimeter, |n| > 3.0

» Noise-subtracted fraction of events above 98.5%

» Central exclusive production negligible

» Two data sets with different phase space coverage and detector configuration

| Forward detector _| Pseudorapidity Viagnetic feld

1 Forward hadron (HF) 3.0<|n|<5.2 My,>13 GeV  £>10° B=3.8T 41 pbt
2 HF and CASTOR 3.0<|n|<5.2and M, >4.1GeV, § >107, B=0T 28 pbt
-6.6<n<-5.2 M,>13 GeV  §, >10°

(€ >107%) o(& > 107 oréy > 107°)

* Uncertainty (mb) (mb)
dominated b Model dependence 0.68 0.39

° . Y HF energy scale uncertainty 0.35 0.14
systematics of the CASTOR energy scale uncertainty — 0.04
integrated Run-to-run variation 0.15 0.14
luminosity Total 0.78 0.45
measurement Integrated luminosity uncertainty 1.55 1.58
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https://arxiv.org/abs/1802.02613

CERN-EP-2018-004

CMS: Inelastic pp cross section

* Fiducial cross sections compared between two phase space regions
* Region 107 < {< 10° (4.1 < M, < 13 GeV) probed for the first time
 Compatible results for ATLAS and CMS, predictions overshoot the data

85 CMS 13 TeV
o) B m CMS o ATLAS
.E. B e EPOS LHC QGSJETII-04
© - v PYTHIAG Z2* (SS) A PYTHIA8 CUETP8M1 (SS)
80 - ¢ PYTHIA8 Monash (DL) _ = PYTHIAS8 MBR
751 A
: v A .-1}
i ’. o
70—
- % 0 % *
65 M, >4.1 GeV
Myy>13 GeV M,>13 GeV
£>10° ix>10'7or §Y>10'ES
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Relative cross section increase in %

Data 1.64 + 0.53
Eros LHC 1.76
QGSJETII-04 2.36
PYTHIA 6 Z2* (SS) 1.74
PYTHIA 8 CUETP8M1 (SS) 1.52
PYTHIA 8 Monash (DL) 3.83
PYTHIA 8 MBR 2.32
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https://arxiv.org/abs/1802.02613

EPJC 78 (2018) 242

CMS: dijets with a large rapidity gap

Data collected in 2010 at /s = 7 TeV, with low

pileup <u> = 1.16 ... 1.6, L=8 pb- jet
Anti-k; jets with pjret > 40 GeV, 1.5 < |ni¢Y| < 4.7,

two leading-p; jets on opposite sides of the GAP
detector: npietinietz < (

Charged particle multiplicity N,,,. is studied for jet

pirack > 0.2 GeV in the range |n¥ack| < 1.0

Mechanisms to generate gap topology (N,,,.=0 or 1 or 2):
» Color singlet exchange (CSE) between colliding partons (gluon ladder); modeled
with HERWIG
o Tracks may be produced by radiation/interaction of spectator partons —
defines gap survival probability
» Fluctuation in the radiation and hadronization in inclusive dijet production
(excluding CSE); modeled with Pythia6


https://arxiv.org/abs/1710.02586

EPJC 78 (2018) 242

CMS: dijets with a large rapidity gap

* PYTHIAG6 (no CSE) normalized Py = 100-200 GeV 8pb” (7 TeV)

. . 2 | —4-Data
to data in the region Ntracks>3 d':, 03k CMS | IPYTHIA 6 (normalized for N__ > 3)
. > E . racks _
« HERWIG6E (II’]C'UdES CSE) L [C1HERWIG 6 (normalized atN __ =0)
normalized to data in the 102 %
region N,,,..=0 —
* HERWIG6 agrees with the h
data N, distribution
* The relative amount of CSE- 10 o
initiated events is quantified: : 2% B
events non -CSE EL . ‘ . . ‘ ‘
f CSE — = % 10 20 30 40 50 60 70 80
N, events 8 Niracks
_ , S Uncertainties of f . in %
NE ents - number of events in the first multiplicity bins Source 1060 eV €0-100CV  T00300Cay
(Ntracks< 2 or Niracks< 3) Jet energy scale £5.1 +6.7 +2.1
NE _csp - number of events originated from non-CSE gfaiks ‘luaﬁ’ff . flofl ié; fllé
mechanism (estimated with data-driven methods) ackgronna subirachon ' ' )
N | b f Total systematic +15.0 +6.9 +2.8
events - total number ot events Statistical +23 +22 +15
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https://arxiv.org/abs/1710.02586

EPJC 78 (2018) 242

CMS: dijets with a large rapidity gap

< °F /[s=0.63Te
* Extracted f. as a function of second- £ E I ool W-:m%ff 1 e (R=07)
leading jet p; was compared to DO and S £ T Te e <35, Cone (R=07)
CDF resu |tS .§ 3_53 N ?CE)) (:ITI]JEJQ.FJ:.\?, Cone (R=10.7)
» Decrease of f.; with the woE B i <35, Cane R =07)
. . Q - ® CMS (V\s=7TeV)
increasing center-of-mass energy 255 15< "% <52, antik (R=05)
is observed 5 E_ 4 ™" *17*¥ < 0, gap region -1 < < 1
fese also measured for different ' sE- DWL
rapidity differences between two £ Hgﬁ % ;
leading jets 05— ¢ ¢
» Increases with increasing <An;> 02520 6" 80100000160
P (GeV)
P (GeV) 40-60 60-100 100-200
Anjjrange  (Arj) fese (%) (Arj) fese (%) (A1) fese (%)
3-4 3.63 0254+020+0.04 362 047+0194+005 361 0.784+0.214+0.06
4-5 446 041+0.16+0.14 445 047 +0.16 £0.08 441 099 £0.23+£0.06
5-7 560 12440324010 549 091+032+021 537 1.95+0.69+0.44
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ATLAS-CONF-2017-075

ATLAS: Diffractive Processes in Forward Photon Spectra
LHCf detector

* 13 TeV, 0.191 nb!, 2015 data, <p> = 0.01
* First joint analysis of ATLAS and LHCf
» LHCf: designed for precision measurement of
neutral particles; covers 0 polar angle limit

/' IP140m —

g A RARRRRARRS N
ATLAS-LHCf Prellmmary QGSJET Il- 04

F {s=13TeV,0.191 nb”
r 8, 0.200——

g R RARRA R AR RRARI AR R KARKRRRRLE
| ATLAS-LHCf Preliminary EPOS-LHC
Vs =13 TeV, 0.191 nb”’

e ATLAS inner tracker used to reject events

with tracks (p¥3K > 0.1 GeV) within |
|n|<2.5 to suppress non-diffractive events; i

N, o /LHCT trigger
t
N,/ LHCT trigger

10724

purity of diffractive events > 99% B et U, eiany
"I, —— MC folded (SD) '-3-—MC folded (SD)

ETEREETE FRTEE FETE FERTI SRR AT 10—3.\. el b b Lo b b Loy

* LHCf measured photon spectra in two 0 s o 18 2025 30 35 40 45 50 10°0"'5 10 15 20 25 30 35 40 45 50

track Ntrack
regions: 8.81<n<8.99andn>10.94 S
. . % EATLAS-LHCfPreIimEnary SIBYLL2.3 % ff\Tl_AS-LHCfPrelim:nary PYTHIA8212DL]
» Strictly one photon with E > 200 GeV g ey A e
O £o1s O £ o1
reqU|rEd __5_510L %010 E __5%101 Ei;;: |
J J

. MC models reproduce main features of
distribution, but far from agreement

1072 E 10254

—— MC folded (total)

tra ck —— MC folded (total)
5 MC folded (diff) . === NC folded (diff.)
|, —— MC folded (SD) i, —— MC folded (SD)
103l IR ETT FRTEN AT P 1073 bl TP R T T T T
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
track track
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https://cds.cern.ch/record/2291387

ATLAS-CONF-2017-075
ATLAS: Diffractive Processes in Forward Photon Spectra

1:—_' 1 075 T T T T T I T T | T 17T | T 1T 3 ,'.__‘ 1 0_5 ZBERE L T 1T 17T I T 17T l T 1T 17T I L 3
2 ATLAS-LHCf Preliminary - 2 ATLAS-LHCf Preliminary -
O, nee \s=13TeV, 0.191 nb’’ i S L \s=13TeV, 0.191 nb" i
w10°® n>10.94, Ag=180° - W10 °, 8.81<1<8.99, A9=20° -
e} E O i 3
. " E SR E, —@— Data LHCf-Arm1, arXiv:1703.07678 E
% ] % . - —#— DataN_=0, ATLAS-CONF-2017-075
= 7] - e ‘;\i k?d | [ ] syst. + Stat. Unc. LHCf-Arm1 7]
~ g N g L.
Z.E-I 0 7 - ZE1 0 7 3 Q\‘\\‘;ﬁ\:}% o | . Syst. + Stat. Unc. N_ =0 =
~ = ~ = R =
— = — - ‘)}\}\N\ ,,,,,, =
N Ry ]
10°F E 10°E 3
» N = C | 1 =]
B —=&— Data LHCf-Arm1, arXiv:1703.07678 R h B % EPOS-LHC ) < e i
—#— DataN_,=0, ATLAS-CONF-2017-075 e 7

5 R % 7 9 . QGSJET-II-04 |
10 ET ] Syst + Stat. Unc. LHCi-Arm1 = 107 F z T % 3
= E2777) syst. + Stat. Unc. N, =0 & i ' 2, 2
| %4 EPOS-LHC S EPOS-LHC N, =0 < ol - _

1 u ‘//// - \\\i% - ch™ 1 B QR’\% EPOS-LHC Nch=0 =
10710 E_z QGSJET-II-04 %\i QGSJET-II-04 N_ =0 107'° S8 QGSJET-I104 N, <0 =
F 7 siBYLL23 é\; SIBYLL2.3 N,,=0 E AN SIBYLL23 N0 =
- 777 PYTHIAS212DL S PYTHIAB212DL N, =0 C S PYTHIAS2IZDL N0 / / ]

1 0—1 e by v b vy v e by B 1 0—1 e v bv v by iy % / Podepog
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Photon Energy [GeV] Photon Energy [GeV]

* Photon spectra unfolded to particle level and compared to various MC models
* Presented inclusively and for diffractive events with N, ceq particles=0
* EPOS gives a better overall description compared to other models
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ATL-PHYS-PUB-2017-012

ATLAS: Proton tagging with AFP

Q1 Q2 :::E} D1 D2 Q4 Q5 Q6 fl o N
DA WS MO DFBX  MEAW W MBRC_ Mo WouL| VOUL - - g ’ RoFr:\aanng:ot ®
| g ' | FH === i % i ,,",J @ (=) a
L J‘_ JU : L L = :LLI T /5‘; Py
! 240m I — L ‘\‘ 15"/;(;@’ (6%
Roman Pot Station ‘ N N ;/‘/\\/ \
ATLAS Forward Proton (AFP) detector “ \% > o
> 2+2 Roman Pots with 4 silicon tracking planes + ToF detectors 7/ o / '
» *205 and 217 m from IP1, up to 3 mm from the LHC beam

» Negative-z arm installed in 2016, both arms completed in 2017

Protons transported from IP by the LHC optic system EL "' ' 1
After loosing a fraction € of the initial energy in a & g 100
diffractive scattering, the proton is deflected 2 LTI
differently by LHC magnets -> spatial distribution of > C e -:':I.T;-':i g
proton hits in the AFP tracker plane e R A
Estimated sensitivity: 0.02 < £ < 0.1 i R t.'*l‘ll-l:'ll:";.l; ' .

: f ! 'I-Ef‘ilnl.:, .:. :'f‘\ .:ATLAS Preliminary

T | Min. 1 jet, Jet p =20 GeV
Diffraction dissociation: correlate AFP signals with oIS il i Nearstatonplanso 1
the activity in ATLAS calorimeter 0 50 100 150 200 250 300

x-pixel [50 um]
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ATL-PHYS-PUB-2017-012

ATLAS: Proton tagging with AFP

* 2016 data (negative-z arm only), <pu>=0.3, B* = 0.4 m. AFP + J10 trigger

* Require single cluster of hits in at least 5 out of 7 AFP tracker planes

* At least one jet with p; > 20 GeV and |n| < 3.0 reconstructed from calorimeter cells, one primary
vertex (PV), jets compatible with the PV

* |n total 6.3-10° events selected; detector level distributions studied

* Compare to a sample of 2.4:10° jet events with MBTS + J10 trigger (MBTS: 2 hits 2.08<|n|<3.86)

3
x10 , ; S— —220

K MLELELELES BUELELELE BLELELELE BLELELELE BLALELELE BURLELELE NLELELELE BLELELELE R =3 L a %
2| - ATLAS Preliminary J 5 —3ATLAS Preliminary4 —200 £
2|7 - ® AFP trigger . Q T Min. 1jet, Jet p_=20 GeV 7] =]
© _g 25 - .‘ O MBTS trigger = % 3 Near stationTpIane 0 . —180 (@)
© B ) . ] (] ]
- ° &C e  Min 1jet Jetp_=20GeV 1 X 1 71160
20_ AFP [ ] .. o © 9 ! - C'L AFP 3 _-140
[ Diffractive o’ O i < =
N L] @) . i
15 events + o o ° 1 B —=xaaahl 120
[~ non- @) =
" diffractive ® o} 9 M BTS 3 100
10f frompileup @ oO . mostly non- - 80
E ° o diffractive . 60
sF ..0 OOO o events = 40
- s P . . 20
C ) N
ok AT A | O

O™ s 7 05 0 05 1 1

Detector level log. & Detector level log, £
1 : . AFP hit position correlated with Hit position
el = —= ) pre” .
cal s T the proton energy loss &_,,. uncorrelated to &_;:
[ AFP sees diffractive events! pileup and beam halo
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Summary

* Soft physics
» Studies a major part of pp collisions phenomena
» Source of valuable input for Monte Carlo tunes
* Presented:
» CMS measurement of inelastic pp cross section at 13 TeV
» CMS measurement of dijet production with a large rapidity gap at
38 TeV
» First joint ATLAS and LHCf measurement of the forward photon
spectra, inclusively, and within diffractive events at 13 TeV
» Detector level distributions with one-arm ATLAS Forward Proton
detector
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ATLAS-CONF-2017-075

ATLAS: Diffractive Processes in Forward Photon Spectra

Photon Energy [GeV]
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* Ratio of yields: diffractive to inclusive as a function of photon energy
 EPOS gives a better overall description compared to other models
* Pythia8 overshoots data at very forward rapidities
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AFP geometrical acceptance

* p,=1GeV,£=0 Vs =14 TeV ATLAS-TDR-024-2015
* =055
© p.=2GeV,E=0 B m
T 0, = 285 prad
" P =1GeV,5=007 d = 3.35 mm
0 pT:2GeV=E_,:D.D? s=204m
'g‘ =
£ |
10+
Inelastic ' Elastic
= O O
\__ DD L DD /
(diffraction) | el s V
m] ume O AW
or “ooo* i 0
o o]
O 8]
Robes
10+
1 | | | | | | | | | | | |
-20 -10 0
X [mm]

(a) p*=0.55m, 6, = 285 prad
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