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The present

- April 15th 2012, 25 reconstructed vertices, Z>puu

candidate event

LBL RPM
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Revisiting the Past

¢ Collision Event at
[ TeV

1A EXPERIMENT // A

2010-03-30, 12:58 CEST \
Run 152166, Event 316199

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html
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The Energy Front
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Why Measure the pp cross section?

- High center-of-mass (s), low momentum transfer interactions
are complex phenomena which OCD is currently unable to

address

 One of the most challenging open problems in strong interactions

« Many basic unknowns:
« What is the dependence of the interaction rate on s?

« What is the division between color exchanging and color neutral
interactions?

« Start-up of LHC allows access to a
new energy range to test models

« Practically, measurement is useful
for pile-up predictions for LHC
high luminosity & energy running.

m LBL RPM
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Theoretical Picture

Soft gluon

Resummatlon Awnalytie

— AmpLLtuoles

Frolssart-
Martin Bound

Miwf:j et §
muL’ci—pa rtown

Lnteractions O-tot,iweL(S) < LnR(s) REggeon Field
Theorg
A0S/CFT
Correspondence Factorized Elkonal-

Pomeron exchange
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The Total and Elastic Cross Sections

« Total proton cross section
Is typically measured 2

Data prior to 2011
ways.

 Forward elastic cross section at E 160 . p;{)‘;ta S l | —

colliders (Optical Theorem) 5 o  ppData Cosmic Ray | 3

© 140 Data |-

« Cosmic ray air showers . \ {

120 !

. Specialized experiments/ Tevatron H HE

detectors exists at LHC 8 UAS & 4 1T

for these measurements 0% s ° O -

- Totem 409 o Seae s 0 E -

° Alfa SR R Lol Ll
10 107 10° 10°*

\'s [GeV]

e Well-defined, direct measurements of Ginel iS an
important complement to these measurements
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WILS fibers

16 Plastic
Scintillators

% 2cm thick polystyrene scintillators read out by PMTs
% Mounted on endcap calorimeter cryostat face plates (Z = 3.6 m)
% 8 modules in ¢, 2 rings in n per side

% Designed specifically for early LHC running: highly efficient, simple
% Primary trigger for low luminosity running

LBL RPM

05/22/2012 10




Inner Tracking Detector:

% Silicon and transition radiation technologies
% Coverage up to|n|< 2.5
% Tracking for charged particle with pr > 100 MeV

T
5572272012
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Forward Calorimeters

; % Liquid Argon and Copper/Steel absorbers
% Coverage up to|n|< 4.9

Inner Tracking Detector:

% Silicon and transition radiation technologies
% Coverage up to|n|< 2.5
% Tracking for charged particle with pr > 100 MeV

05722/2012
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Classifying pp Interactions

1 =

Single Dissociation Double Dissociation

=

Central Diffraction Non-diffractive Dissociation

Elastic

- Flastic interactions: p+p—p+p (20% of Gtot)

- Inelastic: p+p— something new (80% of Otot)
- Predictions at 7 TeV vary between 65mb & 100mb for Oinel

« Color neutral processes make up 30% of Oinel but are poorly
understood

LBL RPM
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Single Dissociation

Exampl of SD event

No particles with
-4.9 <n< 0.5

LBL RPM
05/22/2012
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Diffractive Dissociation

=

Double Dissociation Single DISSOCIatlon
n 1

Color singlet exchange leads to
rapidity gaps

log, (%)

Mass of dissociation product
describes systems:

§=Mx/s

¢ relates to (pseudo)rapidity gap
start, therefore detector acceptance:

log Mx
nmln OC Og
m LBIL RPM

&) 05/22/2012
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Diffractive Models

- Total detector acceptance
depends on Mx
distribution near & cut

e But we can’t measure Mx!

- Use a variety of models to assess
dependence on Mx distribution

10 :Alu L)

:, Donnachle-Landshoff -

o Ingelman-Bruni ————- 1
—~ ' ... tren -Berger - -
L - e Schuler ostrand e
i:/ : ) arX|v 1005. 3894
< L -
_ 1 [+ ==&
r= v
:/ |
e 1 4]
s : il

» Measurement \‘..l

| \”

; » (Mx > 15.7 GeV) ',i;‘l

O.l Il 1 ll 1 | lI 1 1 ll 1 1 lI 1 1 ll 1 1 lI 1 1 II 1 1 lJl 1 | |
1 10 10* 100 10* 10° 109 107 10°%
M? (GeV 2)
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Consider many models for
the diffractive mass
distribution

« Generators: Pythia, Phojet

« 2 different fragmentation
schemes (Pythia 6 vs Pythia 8)

« Flat

e Multiple variations of power law

Default model is
Donnachie and Landshoff
with € = 0.085, «’'=0.25
GeV-=2:

dogp ( S )204(75)—1

anz = \mr

a(t) = e+ d/(t)

15



Monte Carlo Models of Particle Production

« Pythia 6: String
fragmentation to produce
particles for given Mx

particle production using

pomeron PDFs for Mx >
10 GeV

Default MC for this measurement

- Pythia 8: Perturbative —— % —
LRG

Multiple models for differential
diffractive spectrum P,

« Phojet: Dual Parton
Model with cutoff to
separate hard and soft
diffractive processes

Ea LBL RPM
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The Measurement

At least two MBTS hits Background and trigger
efficiency measured in Data

o€ > 5 x 1078) = (N=Npa)  I-ecoaos

Limit measurement kFrom Beam
to detector Scan
acceptance Calibration

(Mx > 15.7 GeV)

Correction factors taken

Dataset:1.2M events from MC, detector
(2nd day of 7 TeV Stable LHC Beams) response tuned on data

ATLAS paper: arXiv:1104.0326
18
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http://arxiv.org/abs/1104.0326
http://arxiv.org/abs/1104.0326

Backgrounds (Ngc) & Trigger (&trig)

« Beam gas and beam halo:

« Measure with unpaired bunches :
0.13% of total event sample

« “Afterglow”: cavern radiation
produced after a collision

e Out-of-time afterglow measured by
unpaired bunches

« In-time afterglow measured from
fractions of late hits in MBTS (0.4%)

- Take 100% uncertainty on
backgrounds:0.42%

« Irigger is single MBIS trigger hit:

« Measured with respect to offline
selection to be 99.98% with an
E-3  uncertainty of 0.09%

LBL RPM
05/22/2012
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Backgrounds (Ngc) & Trigger (&trig)

« Beam gas and beam halo:

« Measure with unpaired bunches :
0.13% of total event sample

« “Afterglow”: cavern radiation
produced after a collision

e QOut-of-time afterglow measured by
unpaired bunches

« In-time afterglow measured from
fractions of late hits in MBTS (0.4%)

- Take 100% uncertainty on
backgrounds:0.42%

« Irigger is single MBIS trigger hit:

« Measured with respect to offline

selection to be 99.98% with an
uncertainty of 0.09%

LBL RPM
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Backgrounds (Ngc) & Trigger (&trig)

CERN-THESIS-2011-046
LN U LI LR IR

T LA R

— Paired

« Beam gas and beam halo:

« Measure with unpaired bunches :
0.13% of total event sample

—— Unpaired (Beam 1)
—— Unpaired (Beam 2)

102E

« “Afterglow”: cavern radiation
produced after a collision

10
e QOut-of-time afterglow measured by -

unpaired bunches 1007801804036 620406060 700
« In-time afterglow measured from Counter Time [ns]
fractions of late hits in MBTS (0.4%) CERN-THESIS:2011.06
- — Paired

—— Unpaired (Beam 1)

10° Neounters = 2
= —— Unpaired (Bea_m 2)

- Take 100% uncertainty on :
backgrounds:0.42% 102

- Trigger is single MBTS trigger hit: 3
« Measured with respect to offline il
3%1(?311:2{1“%; g? 8 9()'9908/0/0 with an 100 -80 -60 -40 20 0~ 20 40 60 80 100
. (0

LBL RPM Counter Time [ns]
05/22/2012 i



Modeling Detector Response

Evaluated agreement of data and
MC for MBTS counter response

« Inner Counters: use calorimeters as tag
e QOuter Counters: use tracks as tag

« Use track or calorimeter cell to tag
counter, define efficiency as
fraction of tagged counters with O
over threshold.

-  Correct for extrapolation error (track)
and neutral component (calo)

e Adjust MC threshold to match observed
efficiency in data

Systematic taken as MC threshold
which reproduces efficiency in
“worst” data counter

- Done separately for +/- (n) sides and
Inner, Outer counters

LBL RPM
05/22/2012
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Modeling Detector Response

Evaluated agreement of data and
MC for MBTS counter response

« Inner Counters: use calorimeters as tag

e

e QOuter Counters: use tracks as tag

Use track or calorimeter cell to tag
counter, define efficiency as
fraction of tagged counters with O
over threshold.

- Correct for extrapolation error (track) $ ook — bameote =
and neutral component (calo) 3 | &,  —=— Pymas ]
- ¢ —— Pythia 8 ]
e Adjust MC threshold to match observed @O'OZSE QI;%@ e e Material ]
efficiency in data B ooooh o e PR A Nt -
s £ 0 T z
500150 4 -
e Systematic taken as MC threshold g go1r ;.g =
which reproduces efficiency in - - =
cc 2 0.005— *m™ ATLAS Preliminary —
worst data counter - \'s =7 TeV Track tagged counters -

- Done separately for +/- (n) sides and - 1 2 3 4
Inner, Outer counters MBTS Counter Charge [pC]

LBL RPM

2SR 20
\/ 05/22/2012



Modeling Detector Response

Evaluated agreement of data and
MC for MBTS counter response

« Inner Counters: use calorimeters as tag
e QOuter Counters: use tracks as tag

e
(i

Use track or calorimeter cell to tag
counter, define efficiency as
fraction of tagged counters with O
over threshold.

- Correct for extrapolation error (track) 5 = 3
and neutral component (calo) s -

S 0.997

- Adjust MC threshold to match observed » *
efficiency in data S 098 =
0.97 —
- Systematic taken as MC threshold 0.961 -
which reproduces efficiency in [ ATLAS Preliminary o Data 2010 -

cc 2 0.95} \Js = 7TeV e PUIS B
worst” data counter Track Tagged Counters :
. Og et SR RN RN U Pt AV [T TN W TG [ EA e My S D oy STV [ T W S
- Done separately for +/- (n) sides and eI I R B B B
Inner, Outer counters ¢ [rad]
LBL RPM 50
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Modeling Detector Response

Evaluated agreement of data and
MC for MBTS counter response

« Inner Counters: use calorimeters as tag
e QOuter Counters: use tracks as tag

e
(i

Use track or calorimeter cell to tag
counter, define efficiency as
fraction of tagged counters with O
over threshold.

-  Correct for extrapolation error (track) g 1E
and neutral component (calo) 5
O 0.99f |
- Adjust MC threshold to match observed » '
efficiency in data S 098
0.97F
« Systematic taken as MC threshold 0.961- -
which reproduces efficiency in [ ATLAS Preliminary o Data 2010 -
99 095 \'s = 7TeV ---- Pythia 6
worst” data counter E Track Tagged Counters ) :
- Done separately for +/- (n) sides and EC I S B T B A

Inner, Outer countersm | f -
ﬂ chertabwtg oOWn 0 0. 17 | -




Modeling Detector Material

- Material increases efficiency/
acceptance by increasing rate of
conversions.

MBTS only “sees™ charged particles

- Exploit calorimeter’s sensitivity to
neutral particles

Plot fraction of tafged counters seen as
noise by the MBT

Fraction of Tagged Counters

- Used a Pythia 6 sample reconstructed
20% extra material in the pixel

services to estimate material effects

Used twice difference (same as Pythia 6 -
Data) as the systematic

LBL RPM
05/22/2012
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Modeling Detector Material

5 005 7’ T 3
E -V —e— Data 2010 ]
- Material increases efficiency/ 8 oo w o Pytias E
acceptance by increasing rate of S b e
conversions. S o.03f =
ce ’s . © B ATLAS Preliminary ]
« MBTS only “sees” charged particles 5 C FCAL tagged counters \'s =7 TeV]
g0 L de E
LL - ) ) - 1
- Exploit calorimeter’s sensitivity to PR & . =
neutral particles e A

- Plot fraction of tafged counters seen as 0 1 2 54
noise by the MBT Zero MBTS Counter Charge [pC]

fraction Siwgwnal

g 0-12_' rrrprTr T T T T [rrrrprTr T '_
- Used a Pythia 6 sample reconstructed” [ “7™ ArHASTelmney
20% extra material in the pixel DR G e g i el
services to estimate material effects oos———p " . —————=
- Used twice difference (same as Pythia 6 - e ' e

Data) as the systematic -
0.04—
| —&— Pythia 6
—~ —w— Pythia 8
0-02__ —6— Phojet
~  —=— Pythia 6 + Ad. Material

. LBL RPM Oy e e
A 05/22/2012 MBTS Counter Number

—&— Data 2010 —
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Modeling Detector Material

- Used a Pythia 6 sample reconstructed
pixel
services to estimate material effects

Material increases efficiency/
acceptance by increasing rate of

conversions.

MBTS only “sees™ charged particles

Exploit calorimeter’s sensitivity to

neutral particles

Plot fraction of tafged counters seen as

noise by the MBT

20% extra material in the

Used twice difference (same as Pythia 6 -

Data) as the systematic

g

| Uneertatnty on 0: 0.2% |
ey | eertantyon 0:02%

//

2012

Fraction of Tagged Counters

0-05 _|_ T d T T T T | T T T T | T T T T _I_
-V —e— Data 2010 ]

- A —— Pythia 6 -
0.04 L Ve —— Pythia 8 _]
- -.---- Phojet 5
A —+&— Pythia 6 + Ad. Material -
0.03— =
B ATLAS Preliminary ]

B FCAL tagged counters \'s =7 TeV_

- ° ' O ]
0.015 *es¥y
0k | L .—ﬂ. L | | |

0.12

_ Vs =7 TeV ATLAS Preliminary |

0.1 —o— —o—

o —O0—0— o —o0— —O0— =

F— e T
_A_

0.08 —V——7—— 7
e —_——————0— 7]
= |

0.06[— —e—— ¢ _j

0.04 —e— Data2010 _
| —&— Pythia6 ]
—~ —w— Pythia 8 -

0.02 | —e— Phojet ]
~  —3— Pythia 6 + Ad. Material FCAL tagged counters |

O 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0 1 2 3 4 5 6 7
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Z.ero MBTS Counter Charge [pC]
fraction Sitgnal
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Inclusive Event Sample: N

CD § O_2_I | | | | | | | | | | |D l |201|O| | I | | | | | | | | | | | I_
> c — —®— Data =
%® é § 0.18F - - - - Schuler-Sjostrand Pythia 6 ATLAS —
Z - : Schuler-Sjostrand Pythia 8 =
-C: 0.16 __ Inclusive Bruni and Ingelman ]
= N DL €= 0.085,a’ = 0.25 GeV™> _
< 0.14\s=7TeV DL €= 0.06, o’ = 0.25 GeV -
- Used for cross-section .12 L e em R ee =
measurement o1 =
0.08)- & -1
- Models span data for 0 06:— errors = stat @ .relsponse E
most of multiplicity L ® materia o L RENE
range 0.04:— e g et e e E
- Low Ncounter region most  0.02F- .-« gremee®=" =
important for O:I- Il. | | | | | | | | | | | | | | | | | | | | | | | | | | | | I |:
measurement .5 10 15 20 25 30
\ . NMBTS
[ counter
LBL RPM
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Single-Sided Event Sample: Nss

>
®

pd

O

~—

« Sample of events with

hits on one side of
MBTS

« Diffraction-dominated

« DModels give reasonable
spread of uncertainty in
diffractive contribution

e Used to constrain
contribution of
diffractive events to
inclusive event sample

Single-sided
\'s=7 TeV

—@— Data 2010

- = = = Schuler-Sjostrand Pythia 6
Schuler-Sjostrand Pythia 8
Bruni and Ingelman

DL €=0.085,a’ = 0.25 GeV™?
DLE=0.06, &’ = 0.25 GeV™

----DLE=0.10,0’ =0.25 GeV?
e - Phojet

ATLAS

0.06:—
0-04;_ errors = stat ® response
0.02 ® material
O:'""'"""""""""'::!%%
2 4 6 8 10 12 14 16
NVBTS
I—'I;”'!”Ilf’ counter
LBl RPM | AR
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Relative Diffractive Contribution

« Fractional contribution of

diffractive process (fp) varies

significantly between
generators

« Model dependent quantity

« Constrain fp for each model
by finding value which
produces same ratio of
single-sided to inclusive
event sample (Rss) as data

e Default model yields
fn =26.9%2-°_1 0%

Ngs
Rss(f D) — N—
mnc
l)
_ sfp+AJsd(1— fp)
o ND
znch il Aznc (1 o fD)
3 0.18[C Daazotc oo T
= — - Y - Schuler-Sjostrand Pythia 6 ATLAS =
0.1 6_— —&— Schuler-Sjostrand Pythia 8 il
~ --fF-F- Bruni and Ingelman -
~ —@— DLeE=0.085,0' = 0.25 GeV? -
0.14 DLE: 0.06, o’ = 0.25 GeV2 p
~ - €3 - DLE=0.10,0’ = 0.25 GeV> -
0.12 - '& - Phojet —
0.1 i .
0.08F S -
: s S 7
0.06F ~ -
0.042 \s=7TeV
| | | | | | | | | | | | | | | | | | | | | | |_
0.1 0.15 0.2 0.25 0.3 0.35 0.4
fD
LBL RPM ”
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Esel and f§< 10

« To get &se and fr<s5x10¢ weight
ND,SD &DD components by

measured fp

MBTS selection efficiency has
similar shape for all MCs

- Once the € cut is applied efficiencies are very

similar and high > 98%

Contamination from events failing ¢

cut (fr<sx10¢)is 0.3-1%

0.035

0.03

Event Fraction

0.025
0.02
0.015
0.01

0.005

eI\/IBTS

Generator

€sel

Je<s.10-6

PyTHIA 6 Schuler-Sjostrand
PHOJET

PyTHIA 8 Schuler-Sjostrand
Bruni and Ingelman

0.9881£0.0003
0.9928=+0.0003
0.9922+0.0003
0.9906+0.0017

0.0056=0.0003
0.0033=0.0003
0.0050=0.0003
0.0064+0.0015

(DL € = 0.085,0c = 0.25 GeV 2

0.9877x0.0025

0.0096+0.0023)

DL € = 0.06,a = 0.25 GeV~—~
DL e = 0.10,0 = 0.25 GeV~2

DL € = 0.085,0 = 0.10 GeV 2

0.9887+0.0009
0.9871£0.0012
0.9881£0.0026

0.0083=0.0008
0.0105=0.0012
0.0100=0.0025

IBCR

J\YI

CERN-THESIS-2011-046

IIIIIIII IIIII|IIII|IIII|IIII|IIII_
Schuler and Sjostrand

Engel

Bruni and Ingelman
Berger and Streng
—— DL E=0.0850" = 0.25 GeV”?

CERN-THESIS-2011-046

fl
L L ‘IIIIIIIIIIIIIIIIIIIIIIIIIII

0.8 J -
0.6 _
0.4 -
= Pythia 8 i

0.2 A PhOJet __
o Pythia 6 i

R S S S T

log, (€)
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MC Uncertainties on &/ and fe<10°

 Multiplicity for a given &:
- Pythia 6 & Pythia 8 have different fragmentation models
« Leads to 0.4% systematic

« Underlying ¢ distribution in cut range:

- Differences in distribution cause different migration of events into and out of
sample

- Leads to 0.4% systematic

a: MC Modeling total |
uncertainty: 0.25% |

26
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Summary of Systematic Uncertainties

models

Trigger: Difference between
measurement with 2
independent triggers

MBTS Response: Vary thresholds

over full range of data

efficiencies

Material: 40% uncertainty on
material in |n|> 2.5.

Relative Diffractive
Contribution: Vary fp within
uncertainties

Background: 100% uncertainty

Source Uncertainty (%)
Trigeger Efficiency 0.1
MBTS Response 0.1
Material 0.2
fp 0.3
Beam Background 0.4
MC Multiplicity 0.4
¢ distribution 0.4
Luminosity 3.4
Total 3.9

MC Multiplicity: Difference
between Pythia 8 and Pythia 6

¢ Distribution: largest difference

between default and alternative

LBL RPM
05/22/2012
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Summary of Systematic Uncertainties

models

Trigger: Difference between
measurement with 2
independent triggers

MBTS Response: Vary thresholds

over full range of data

efficiencies

Material: 40% uncertainty on
material in |n|> 2.5.

Relative Diffractive
Contribution: Vary fp within
uncertainties

Background: 100% uncertainty

Source Uncertainty (%)
Trigeger Efficiency 0.1
MBTS Response 0.1
Material 0.2
fp 0.3
Beam Background 0.4
MC Multiplicity 0.4
§ distribution L~ 04
Total [ 3.5

MC Multiplicity: Difference
between Pythia 8 and Pythia 6

¢ Distribution: largest difference

between default and alternative

LBL RPM
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Luminosity Basics

Interaction

region
Bunch 1 Bunch 2
2 7ﬁ > £ S N 1 N 2 f
e 75 ) = 3
N / N eff
1 — Effective’area A _

« Luminosity is a measure of the beam collision intensity:
depends on Np/bunch, Npunches, crossing frequency, &
beam size.

« (Can be determined 2 ways:
- Using a theoretically well known cross section and event counting:

L 0= N,.,

« From accelerator parameters:

_ nypfrlilo
L= 210,20,

E3 LBL RPM 2 2 \1
Y _ /2
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Beam Separation Scans

Proposed in 1968 by Simon van
der Meer as a means of
measuring beam sizes at the ISR.

Principle:

Measure the beam widths by scanning
interaction rate as a function of beam
separation

Can simultaneously measure visible cross-
section, Ovis

Then use Oyis as calibration constant for
future luminosity determination

dN __ nbfrflfQO. |
dt 2733, TS

LBL RPM
05/22/2012

Peak Rate ~ L inse Ovis
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ATLAS Luminosity Detectors

Scintillators

L

II e :-...'-'.':'.-- “
B :.I = - E
‘ e
BCM dete® ' ' —

modules

——

Primia ry Lumiwosig
Measurement
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Luminosity Uncertainties

Calibration determined from 5 different scans in 2010
- 0(10) different methods/detectors used!

Uncertainty is dominated by knowledge of bunch charge (I11>)

Already surpassed precision expected for beam scans!

Scan Number I I[I-IIT | IV-V
Fill Number 1059 | 1089 1386
Bunch charge product 5.6% | 4.4% | 3.1% | Partially correlated
Beam centering 2% 2% | 0.04% | Uncorrelated
Emittance growth and
other non-reproducibility | 3% 3% 0.5% | Uncorrelated
Beam-position jitter — — 0.3% | Uncorrelated
Length scale calibration 2% 2% 0.3% | Partially Correlated
Absolute ID length scale | 0.3% | 0.3% | 0.3% | Correlated
Fit model 1% 1% 0.2% | Partially Correlated
Transverse correlations 3% 2% 0.9% | Partially Correlated
1 dependence 2% 2% 0.5% | Correlated
Total 7.8% | 6.8% | 3.4%

LBL RPM ATLAS-CONF-2011-01

05/22/2012
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Results

- (alculate cross-section using:

¢ Esel = 98.800,
1 / 0.4%
* &g =99.8%, :
correction factor
* fres5x10°=1.0%

e andL =20 pb!

o(€ >5x107°) [mb]

ATLAS Data 2010 60.33 + 2.10(exp.)
Schuler and Sjostrand 66.4
PHOJET 74.2
Ryskin et al. 51.8 — 56.2

« Data are lower than MC generator predictions, higher than
analytic calculation from Ryskin et. al.

LBL RPM
05/22/2012
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Extrapolating to Oinel

« To compare with previous measurements extrapolate
using DL model (+15%)

10:1 II'I FIII Ulll IUII

C : Donna,due-Land:hoff 3
[~ In telman Bruni --—-- ]
—_ ] e~ reng-Berger -~ 4
« Other models range from 5 to 25% % y . Schuler-Siostrand ---- 4
extrapolations E —
. D B S -
- Take +/- 10% as extrapolation 2 b Th 2 \\\ :
uncertainty R .
Cob Extrapolation “,:';'a
0.1 Ly ..1; T T T R T A
1 10 102 100 10* 10° 10° 10° 108 107
M?(GeV?)
(& > m]%/s) [mb]
ATLAS Data 2010 69.4 + 2.4(exp.) £+ 6.9(extr.)
Schuler and Sjostrand 71.5 .
Do e e Data agree with most
Block and Halzen 69 analytic calculations,
Ryskin et al. 65.2 — 67.1 lower than Phojet
Gotsman et al. 68
Achilli et al. 60 — 75
LBL RPM
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Spring 2011

40

20

— Theoretical predictions and data are shown for § > mS/s unless specified otherwise
I~ ATLAS data extrapolated using Pythia implementation of Donnachie-Landshoff model
[ with ¢ = 0.085 for do/dE

i o Data 2010V's = 7 TeV:E > 5x 10° B
B Schuler and Sjostrand: € >5 x 10° |
[ mmema- PHOJET (Engel et al.): £>5x 10° ]
B A Data 2010\'s = 7 TeV: extrap. to € >m?/s 7
— Uncertainty (incl. extrapolation) . */'/7
B —— — — Schuler and Sjostrand ey [S
B —memem— e Block and Halzen 2011 P |
- [ Achillietal. (arXiv:1102.1949) 4 . 3 .
o ° pp Data //g/'/ _
L O pp Data /_//-/ ' i
L — —
==
ST o ATLAS
_ 00) = _
| w o RIRES- _

0

1 10 10° 108 10

Presented the first measurement of inelastic cross-section
Data are lower than MC predictions, extrapolated value agrees with most

analytic models

\'s [GeV]
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Fall 2011

— l40 L L] LI I] L L] 1 LI
2 g Ot (red), ;e (blue) and 6 (green) | .
= s+ pp (PDG) + ALICE ‘ l
120 . o (PDG) N 1 i 7 EPL 96 (2011) 21002
Z 110 e Auger = Glauber =]
o MPETE S * ‘ .7 4
i «  ATLAS best COMPETE oy fits j L1 | o i
b CMS - = == 11.4 = 1.52Ins + 0.130In’s =8 A" 8
2 it _1- |
€ s0f : | -
-~ Otot | - .
70 t - { —
$ P
60 [ ,,t’r o
50 - =t
e - il * Oinel _ -
40 : * L - o 7 < -
= : ; - $ =% - w5
1| ol gt |
- P
20 - Oel R o
20 T e ]
10 5 oot 9 vpg— == — =TT j
0 E ‘4 J , e AL 1 L 11 1 1 e Ll L 1 ,Ll . ’s 1 Ll 1 1
10" 10? 10° 104 10°
Vs (GeV)

« ALICE & CMS measured inelastic cross-section in
limited phase space

 Widely varying techniques with good agreement

« TOTEM used 90m 3* run to measure Otot, Tinel and O

—— Very precise measurement not subject to extrapolation uncertainties
- LBL RPM
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The Visible Cross Section

arXiv:1201.2808
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- ---- PHOJET - == RMK .

40_ | | IIIIII| | | IIIIII| | | IIIIII| | | IIIIII| | | IIIIII| 1

108 107 10°° 107 10 10°

§Cut

LBL RPM

05/22/2012

Atlas also measured
Cross section as a
function of rapidity

gap (&)

Comparison with
with TOTEM shows
models don’t predict
correct dependence

Important for pile-up
modeling!
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Connection to Cosmic Rays

Equivalent c.m. energy \/s,, (GeV)

10? 10° 10* 10° 10°
10‘9911111 T U R AL I R ] T .lll.ll T T T 1T 3
B e e  KASCADE (QGSJET 01) ¥ HiRes-MIA =
= ® 2 5> PROTON m KASCADE (SIBYLL 2.1) A HiRes | -
<, 1Y ' RUNJOB %  KASCADE-Grande (prel.) 4 HiRes I =
@ = *  Tibet ASg (SIBYLL 2.1) ® AugerSD2008
= v A
'f‘n 17 b— R Ry . oy —
8 10 E 43{:4* L g
v - -
f’ — 4
E | :
= 10%pE" =
- :
\n
l':u - -
> 1015 E._ _E:
> - B
= - -
8 jou HERAG-P) LHC (p) -
A 0 s RHIC (pp) Tevatron (pp) “l A, =
1 1 l{llll 1*' 1 111111 4 L 1l ll ‘ : llll_ll 1 11l 1 1 dlius l 1 | 21 lll 1 1 a4 ll IR EII

10"

10" 10" 10" 10" 10" 10"

Energy (eV/particle)

- Bliimer, Engel, Hoérandel, arXiv:0904.0725

&

10" 10%°

LBL RPM
05/22/2012

Shower MC used to
determine primary
CR energy up to
GZK cut off

Big extrapolation!

LHC data useful to
for:
Better p-air cross-section
Better shower modeling
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Constraining CR Models

LHC Inelastic p-p cross sections

http://indico.cern.ch/getFile.py/access?contribld=2 | &sessionld=0&resld=0&materialld=slides&confld=140054

100

50

1 ] | | | L L L | |

1

SIBYLL 2.1
QGSJETO1
QGSJETII
EPOS 1.99
ATLAS

s L i

llllllll 1 llllllll

Ll lllllll

1 llllllll L L LLll

m G~ 64(CMS) -

2 3
10 10 ;

4 S
10 10
Vs (GeV)

m Current model uncertainties driven by E710-CDF 2.6 disagreement

70(ATLAS) mb seem to favour E710 value at 1.8 TeV

m sqrt(s)-evolution better reproduced by EPOS1.99 & QGSJETO1

\as/ LHC UE/MB WG, CERN, 16/06/11

10/20

David dEnterria (CERN)
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Conclusions

« Have made the first measurement of the proton-proton

inelastic cross section at 7 TeV

« Measurement made possible by the efficiency & simplicity of the MBTS
detector and strength of the ATLAS detector to validate results

e (Current results are consistent with Froissart-Martin
bound and agree with most analytic calculations

- Already have generated interest in the Soft OCD/LHC
community
« Theory: collaborated with several theorists to obtain predictions at 7 TeV

 Experiment: results from ALICE & CMS consistent with us, complimentary
to TOTEM results

- Extrapolation uncertainty on measurement will decrease

as diffractive component is better understood

LBL RPM 43
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Additional Slides



Why Measure the pp cross-

“It used to be the case that when a new accelerator was initiated
one of the first and most important experiments to be performed
was the measurement of the total p-p cross section. Nowadays,
this experiment is regarded with little interest, even though the
explanation of Regge behavior remains an interesting, unsolved
and complicated problem for QCD.”

-David Gross, 1998, 25th Anniversary of the

discovery of Asymptotic Freedom
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Creating a diffraction enhanced

ch

- Diffractive processes make 5 & "l
MC tuning difficult : ATLAS Preliminary -
= 004 7 TN e

— I
— LN
et

« To study kinematics look at 003 g
tracks in the single-sided 00oT e Dot 2010
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LBL RPM
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4 6 8101214161820

Ny

@ For ICHEP used tracks
with pr > 500 MeV

® No detector corrections
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Rapidity Gaps
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5 gap structure
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S « Phojet shows best agreement
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Sy g agreement, Pythia 8 favors high
An An
LBL RPM

RILA 48
& 05/22/2012



Rapidity Gaps
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Rapidity Gaps
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Rapldlty Gaps
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pT Spectrum
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pT Spectrum
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pT Spectrum
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pT Spectrum
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Luminosity Stability over 2010
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« Variations of 0.5% or less between different
luminosity determinations over full 2010 run.
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