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v Introduction

Analyses motivated by:

Jet production and the inelastic pp cross section
at the LHC

A. Grebenyuk®, FE. Hautmann®, H. Jung®<, P. Katsas® and A. Knutsson”

Abstract

We suggest that, if current measurements of inclusive jet production for central rapidities
at the LHC are extended to lower transverse momenta, one could define a visible cross

section sensitive to the unitarity bound set by the recent determination of the inelastic
protﬂn-pratﬂn Ccross section.

arXiv:1209.6265v1 [hep-ph] 27 Sept 2012
Phys.Rev. D86 (2012) 117501
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U' Introduction

* Total cross-section for 2—2 process given by

> d’o
U(PT mt'n) :/ dpz / dy—
PT min g — dp% dy

(s

- Divergent towards low py;, and eventually the total 2—2 cross-section
becomes larger than the total inelastic cross-section.

« At LHC this happens around ~5 GeV at LHC.
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U' Introduction

* Total cross-section for 2—2 process given by

d?o

"-T(PT ﬂu'n) :/ dpz f dy
PT min g —oo dp% dy

- Divergent towards low py;, and eventually the total 2—2 cross-section
becomes larger than the total inelastic cross-section.

* Thus, in theory, the cross-section needs to be tamed.

_ _ _ E PYTHIA: (p__« 0) MPI on, Z2* ]
For example, in Pythia, the rise of the B ]
2—2 cross-section is “tamed” by L —— PYTHIA: (P, =0) -
- n, l<25 -
1. Regularization factor for the cross-section E =
K Oinet exp
4 10 =
as(pt + pro) Dy S 5
as(p)  (p? + Pio) 1E E
where p;, is determined by tuning to data. 16 B i
Phys.Rev. D86 (2012) 117501 :
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2. MPL: <nyp> =0y 5/0141q 1 10 102

P, min [GEV]
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U" Introduction %

* Total cross-section for 2—2 process given by

> d’o
U(PT mt'n) :/ dpz / dy
PT min g —oo dp%' d'y

- Divergent towards low py;, and eventually the total 2—2 cross-section
becomes larger than the total inelastic cross-section.

Can be studied in a
range accessible by

* Thus, in theory, the cross-section needs to be tamed. the experiments.

. . . E ______ PYTHIA: {pm: 0 MPI on, Z2* ?
For example, in Pythia, the rise of the B .
2—2 cross-section is “tamed” by L — PFYTHA:(p_=0) -
1. Regularization factor for the cross-section E =
- Oinel exp
as(pr + pro) Pil 10 3 E
o — 0 X 5 5 32 B _
as(p)  (p? + Pio) 1E =
where p;, is determined by tuning to data. - _ _f
Phys.Rev. D86 (2012) 117501 §
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U' Tracks vs Jets

» Measurement possible to do with tracks and track jets.

Leading charged particles Leading charged particle jets
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« Different shapes of the cross-sections. The jet events are shifted C 15 o posiamr E
towards higher values. More than just the leading particle clustered e E
in the jet. UE important for the jets. DS T e S -
1 10 [Ge\;]oz
. . . . . pT min, leading jet
» When radius parameter in the jet algorithm is decreased the
shape of the jet cross-section approaches the leading track
cross-section.
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The Measurement
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CMS and T2 Detectors

—

v

CMS DETECTOR STEEL RETURN YOKE Trackers |n| < 2.5
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter : 15.0 m Pixel (100x150 pm) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 pm) ~200m?> ~9.6M channels
Magnetic field :3.8T
SUPERCONDUCTING SOLENOID
— Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

y”
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PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels

+/- ~14m
TOTEM T2
5.3<|In|<6.5
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. CMS/ !
U" Data and selections %

« Common CMS+TOTEM data taking. Run with very low pile-up at \s = 8 TeV (2012).
(Non standard high * = 90m optics configuration.)

* MB events triggered by TOTEM T2:
At least one track with p > 40 MeVin 5.3 <|n[ < 6.5

* Track selection:
In| <2.4, p,> 0.4 GeV

— Measurement of the normalized integrated leading track cross-section.
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U' Data and selections %

« Common CMS+TOTEM data taking. Run with very low pile-up at \s = 8 TeV (2012).
(Non standard high * = 90m optics configuration.)

* MB events triggered by TOTEM T2:
At least one track with p > 40 MeVin 5.3 <|n[ < 6.5

* Track selection:
In| <2.4, p,> 0.4 GeV

— Measurement of the normalized integrated leading track cross-section.

 Track-jets:
Anti-k algorithm. R = 0.5.

Input: Tracks with |n| <2.4 and p, > 0.4 GeV.
Jet selection: The leading jet in [n| < 1.9 with p > 1 GeV.

— Measurement of the normalized integrated leading track-jet cross-section.

» Measurement corrected to stable particle level defined by cuts corresponding to above.
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U' Data and selections %

« Common CMS+TOTEM data taking. Run with very low pile-up at \s = 8 TeV (2012).
(Non standard high * = 90m optics configuration.)

* MB events triggered by TOTEM T2:
At least one track with p > 40 MeVin 5.3 <|n[ < 6.5

* Track selection:
In| <2.4, p,> 0.4 GeV

— Measurement of the normalized integrated leading track cross-section.

 Track-jets:
Anti-k algorithm. R = 0.5.

Input: Tracks with |n| <2.4 and p, > 0.4 GeV.
Jet selection: The leading jet in [n| < 1.9 with p > 1 GeV.

— Measurement of the normalized integrated leading track-jet cross-section.

Albert Knutsson DIS2014, Warsaw, 28 April - 2 May 11



U' Measurement

 Normalized integrated charged-particle or charged particle jet event cross-section as
a function of p; ., for events with a leading charged particle (jet) with p > p; ...

1 AN
D(prmin) = N Z APT, leading ]
CVENtS pry . dine>PTmin ( PT,leading

. Measurement to normalized to events (Nevems) with a leading charged particle
with |n|<2.4 and p; > 0.4 GeV

‘Albert Knutsson DIS2014, Warsaw, 28 April - 2 May
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Results
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U' Normalized Leading Charged Particle Cross-sections %

CMS Preliminary Inclusive pp Vs = 8 TeV CMS Preliminary Inclusive pp Vs = 8 TeV

2 = -
D> o Nen (P, >40 MeV) >0in 5.3 <n< 6'5_ or-6.5<n<-5.3 Dg C Ney (P, >40 MeV) > 0in5.3<n<6.50r-6.5<n<-53
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— = [=) E
E . ke E c . .
a 1L o Lk Normalized cross-sections
A A E for events with a central
107 - 100 L ; leading charged particle
s T g8 a with p, > P1min S
O4n2 L - I~ .
g £ o102 £ a function p_ .
T [ e CMS £ [ ecCMS Tmin
2,03 L — Pythia6 Z2* 3103 — Pythia8 4C
F " E --- Pythia6 D6T =10% &= ) .
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104 b - Pythia6 (default, MPI off) |wssscsuas N3 - > .
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] E
- o ©
@ g 3
1.5 ©
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T F 05
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p,.  [GeV]
T
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* Normalized event cross-sections.
— No sensitivity to particle multiplicities in events.
— Distribution converges to one by construction.
Looking for effects at low p_- MC scaled to data at Py =9 GEV.

» Large difference between models. Tune sensitivity.
» Pythia and Herwig do not describe the data.

» Cosmic Ray Monte Carlos: EPOS good. QGSJET fails.
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U' Normalized Leading Charged Particle Jet Cross-sections %

CMS Preliminary Inclusive pp (s =8 TeV CMS Preliminary Inclusive pp Vs =8 TeV
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* Normalized event cross-sections.
— No sensitivity to jet multiplicities in events.
— Distribution converges to one by construction.
Looking for effects at low p,- MC scaled to data at Prmin = 14 GeV.

« Larger difference between models. Tune sensitivity.
» Pythia and Herwig do not describe the data.
» Cosmic Ray Monte Carlos: EPOS good. QGSJET fails.
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: CMS, /|
Comparison Track vs Jet measurement Z

Leading charged particles

g P e T g pren e~ Different shapes for leading jets and leading
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> Summary %

* Normalized integrated event cross-sections has been measured for
Leading charged particles with p_> 0.8 GeV in [n| <2.4

Leading charged particle jets with p_>1 GeV in |n| < 1.9

* The integrated distributions probe the transition from the pertubative to
the non-pertubative regions, and are sensitive to the “taming of the
cross-section”.

« Difference between the charge particle and the charge particle
jet measurement. Jets larger sensitivity to MP| and UE.

* The measurements are in general not well describe by the models. Only
EPOS provides a decent description of the data.
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U' Sensitivity to saturation

« Tame the divergence by using saturated PDFs.

« CASCADE. KT-factorization based MC generator.
Low-pT behavior from:
- ME dependence (low-p_rise from k_ << p_, slower rise for k_)

- unintegrated PDF f(x,k_,u) - suppression of uPDF at low k_

Ly 104 =
Modification of uPDF such that it T ------ PYTHIA: (p,, = 0) MPlon, 227 =
goes to O for KT — 0. © 10° L — CASCADE: k=4 GeV _
- n_|<2.5 -
2 &t —]
oPDF } 10°¢ ’ E
i B inel
i 10 3
I - - ’
107 = E
4 K, ,GeV = :
10.2 i 1 |_
1 10?
p [GeV]

T min
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