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Motivation for the measurement

e Total proton-(anti)proton cross sections have been a fundamental quantity since
the earliest days of particle physics
— 20% elastic, 80% inelastic

— diffractive contribution: o, /o, ., ~ 0.2-0.3

inel
e The dependence of the p-p interaction rate on the centre-of-mass collision energy
Vs cannot yet be calculated from first principle

e Common models manage to describe existing data using different methods:
- Power Law (Donnachie & Landshoff)
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LHC world

The LHC is a proton-proton collider running since March 2010 at Vs=7 TeV

Up to November 2011

» Peak Luminosity:

~3.5:1033 cmst wcerion
» # Colliding bunches: % o
~ 1300 for ATLAS/CMS Point 3 )

momentum g
cleaning

» Bunch spacing:
50 ns (75 ns during 2010)

» Pile-up:
~ 11.6 average number of
collisions/BC during 2011 ALICE
(up to 24 collisions/BC)
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The ATLAS experiment
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ATLAS: A Toroidal LHC Apparatu$S

Three large super-conducting air-core toroidal magnets (2~6 T- m)

Minimum Bias Trigger Scintillators cover 2.09< | n | <3.84 | | Total weight 7000 t

Modules in front of the end-cap calorimeters (z=+ 3.5m); Overall diameter 25 m

2 rings in n for each side, divided in 8 sectors in ¢. Overall length 44 m
Muon p?tectors Tile Colo‘rimeter Liquid Arg’on Calorimeter

Inner Detectorin 2 T
axial magnetic field
reconstructs charged
particle “tracks” with
In| < 2.5

Electro-Magnetic
(Hadronic)
Calorimeters
measure energy of
particles with

. | | . | In| < 3.2 (4.9)
Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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CMS: Compact Muon Solenoid

EM and Total weight 12500 t

Ca'°rimete’5/ Magnet Yoke Overall diameter 15 m
, Overall length 21.6 m

Quter Barrel - TOB
6 layers (2 DS)

Inner Barrel - TIB

4 layers (2 DS)

Inner Disks — TID
3+3 disks

Solenoid 3.8 T

End-caps - TEC

1 949 disks

CMS n coverage: Inner Tracker
Tracker (Pixel + Strip)| n| <2.4

Calorimeters (EM+HCAL) | n | <3.0
HF Calorimeter3<|n| <5

Muon Detectors |n| < 2.4
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Dominant p-p interactions at LHC

Inelastic p-p collisions are the result of a combination of non-diffractive and diffractive events:

Y total-inelastic 0.ND-ineIast'ic T 0'SD + GDD

é X\i// "K%::

Non-Diffractive (ND) Single-Diffractive-Dissociation (SD) Double-Diffractive Dissociation(DD)

Pythia@7TeV  0~49 mb 0~14 mb 0~9 mb

These soft-QCD processes are needed in Monte Carlo Event Generators

v' To model pileup (up to ~20 extra pp interactions per bunch crossing)

v To model the soft processes occurring in the same pp interaction as an “interesting” event



Measurement of the Inelastic Proton-
Proton Cross-Section at Vs=7 TeV with the
ATLAS Detector

Collision Event at
7 TeV

%AT LAS

EXPERIMENT

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

http://atlas.web.cern.ch/AtIas/puinc/EVTDISPLAY/events.html



ATLAS Inelastic cross section:
preamble on detector acceptance

* Direct measurement of o, using Minimum Bias trigger

« Blind to events with all the particles at| n | > 3.84,
(mostly diffractive events)

. §=M2X/S ,where /\/]zxis calculated i
for the most spread set of hadrons ‘ Sgcﬂ 3em 14cnn"-'-'.-f{-.'-'-}_'-_'-j._'.j.‘-i'-/i';;--,\

* E relates to rapidity gap size inside g i
the detector acceptance:

Nyin < log (1/8)
E > 5x10°
(M, >15.7 GeV for Vs=7 TeV)




ATLAS Inelastic cross section:
definition of fiducial cross section

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

(N—NpBg)

1— _
o(& > 5> 10_6) T Yeirig < J LAt Te<sxao-e

g TN

Limit measurement to kFrom Beam Correction factors

detector acceptance Scan taken from MC,
(Mx > 15.7 GeV) Calibration detector response
tuned to Data

X

@ O r T T E 1 '_' Tvyrvrvrvryrrvrory Ii' rvvyjvvyvrvypvrrrrrrrrrporoery
o 4 Pythiag v - ng ] §
ke - L 1) |

of ATLASPreliminary Simulation _ 0.8 g
E - ] C ) ATLAS Preliminary Simulation i
_3j I l-_ | | ] 06 — -~ l —
& I T 1 —Ho.003 5 5] 8
'4: | !‘\‘:‘l 7 r = ! N
- ] - 0.4 —
-5? Iﬂ.— -_— e s ?—0.002 - E l - Pythla 8 |
-6:— u - I . D bl ;E‘ i - I Phoijet :
Eeamia | etectable 4 —0.001 0.2|— @ i A oje =
_7E. ' = - ] © ythia 6 .
T TR SR S R A T S S - 70 O | PR L P 1 L 1 s 1 "

-6 -4 -2 0 2 4 6 -8 -7 -6 -5 -4 -3 -2 -1 0
RLY log, (€)
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ATLAS Inelastic cross section:
event selection and background

* Trigger requirements: at least one hit in the MBTS counters
very efficient w.r.t. to the offline selection: ¢,,;,,=99.98%

* Offline selection: > 2 MBTS hits, counter’s charge > 0.15 pC (noise ~ 0.02 pC)

Inclusive sample - for the actual cross section measurement:
e >2 counters above threshold in the whole detector
- 1.2 M events at 7 TeV in a single run (~20 pb?)

Single-sided sample - to be able to constrain the diffractive contribution:
e > 2 counters above threshold on one side, none on the opposing side
= 120 K events at 7 TeV in a single run (~20 pb)

Background estimation coming from direct beam interactions with gas in the beam-
pipe, beam-pipe itself and material upstream the detector (single proton bunch) and
from “afterglow”, like slowly decaying beam remnants (timing distribution) £ 0.4%



ATLAS Inelastic cross section:
relative diffractive contribution

* Measure the ratio of the single-sided to inclusive event sample R
* Compare with predictions (from several models) of R as a function of an assumed
value of f, (fractional contribution of diffractive events to the inelastic cross-section)

L Ngg
R (/D) N R = [10.02 + 0.03(stat.)i+0.1-0.4(sys.)]%
ASsfp + ASF (1 — fp)

T AD fp + AND(1— fp)

rnc tnc

(]

a T T T I T T T T [ T T T T l T T T T I T T T T I T T T
L 0.18

Data 2010
- N - Schuler-Sjostrand PYTHIA 6 ATLAS

‘lll_

—&— Schuler-Sjostrand PYTHIA 8
Bruni and Ingelman

—@— DLec=0.0850=0.25GeV?

0.16

\Ns=7 TeV

* Default f,=32.2% for all models but O.14F orecomu-omor: 4
Phojet (20.2%) 0.12f - - prowET -
* Constrain fy such that it reproduces 0.18
the measured R 0.08|~ E
- fD = 26.9+2'5_1_0 % (from Donanchie & Landshoff) 0.06[— -

 Systematic uncertainties: 0,045 TV
propagated from R, by variating 01 015 02 025 03 035
the ratio SD/DD

o
N

Ss /

—_
O




ATLAS Inelastic cross section:
efficiency determination

€,/ = fraction of event in the kinematic range (£ > 5x10° ) that pass the selection
Single-sided sample choose as benchmark for the MC

Data best described by Donnachie & Landshoff (DL) model (€ = 0.085, a‘ = 0.25 GeV-?)
= Taken as the default model for the efficiency estimate

T

MBTS hit multiplicity distribution in the data |,z %277~

) i Z|230.18F - - - - Schuler-Sjostrand PyTHIAG ATLAS —f
compared with MC expectations for several |z 4} Single-sided — SehukerSpstana Priiins

Bruni and Ingelman -]

LA L B L B B NN L L ) B

. . 1—| g N —— DLe=0.085,0' = 0.25 GeV? e

MC models using the fitted f, values. < 0M4ENS=TTeV oc.oosa-ozGar: E
otz - PHOET E

2> E..,=98.77% o= R g
sel P s ] ]
008:—_‘_'_,_| b =

. . . . . . 0.06— +: =

Very low migration into the fiducial region: 00aF sy E
TE LB

f(€<5x107°)=0.96 % 0.021- i
O_I Co b e b b b by LT

Spread among models considered: < 0.5% Neounter



ATLAS Inelastic cross section:
efficiency determination

* MBTS hit multiplicity distribution in the inclusive sample compared with MC
expectations for several MC models using the fitted f, values : for low multiplicities,

data is within the various predictions.

5 02— 71— 1T 1T T 1
>[2 2 - =e— Data 2010 .
g 2 Plo 2 — - = = = Schuler-Sjostran ATLAS
Systematic uncertainty due to: 52 212 Molusive | S Sostand PTHAS E
= . :_ Bruni and Ingelyman B} —:
* Fragmentation difference 12 0.14F\'s= 7 TeV e -
. . C ---- DLe=0.10,& = 0.25 GeV? N
between Pythiab and Pythia8: 0.4% 0.12¢ -+ PHOJET E
0.1 —
. . 0.08F- RE
* £ dependence: maximum deviation of 0.06F s |
Tr __r-‘,'l, ' ,:_Z
default model DL|.-q g5, o=0.25 Gev-2 0.04 e~ N E
from the other DL models: 0.4% 0.02F E
Oilél_“l—l—l_j L1 | [ R | | [ T | | [ T | I [ T | I I:E
5 10 15 20 25 30

MBTS detector response and the amount o

L N
of material in front of the MBTS detector counter

lead to systematic uncertainties on data



ATLAS Inelastic cross section:
cross section and uncertainties

Calculate fiducial cross-section using:

— )

8sel =98.77% . o(§ >5x10 ) [mb)]

g . = 99 98% 0.4% ATLAS Data 2010 | 60.33 & 2.10(exp.)
trig : correction Schuler and Sjostrand |pythias/s) 66.4

f 6= 0.96% factor PHOJET 74.2
§<5x10 Ryskin et al. | 51.8 — 56.2

Lumi =20.25 pb?

 Statistical uncertainty negligible (+0.05 mb) =0.08% | T————
* Luminosity is the dominant sys. uncertainty Trigger Efficiency 0.1
e Measured using dedicated Van der Meer scans MBTS Response 0.1
e Limited by bunch current measurement ]fff”“ packeronnd)
* Very efficient and well understood trigger MC Multiplicity 0.4
» Detector response in general well modeled (~2%), ||t >
differences corrected for in the MC Luminosity 3.4
e Conservative estimate of beam backgrounds Total 3.5




ATLAS Inelastic cross section:
extrapolation to total inelastic

* Comparison with analytic theoretical calculations or other measurements

* Fraction of events in the selected fiducial region depends on the &
evolution of the cross section

10:1 |II T III T III T III

III LIy

T T II T T II T T II T T
Donnachie-Landshoff

[
. . . Ingelman-Bruni ---——-- i
Extrapolation via using DL (default) . ' "Sireng. Berger
"i: I Schuler-Sj6strand
* 87.3 % of the total cross section s |
iy . . . — LB e 7 -
within the kinematic acceptance 7 vl
ER
« Other models go from 79% = :
(Ryskin et al.) to 96% (PHOJET) I Extrapolation |
01 1 lll lll 1 lll 1 1 ll 1 lll 1 lll 1 lll 1 llli 1 1

_ _ 110 10 10* 100 10° 10° 107 10° 107
* +/-10% as extrapolation uncertainty M2(GeV?)



ATLAS Inelastic cross section:
results

Extrapolated down to §=m2p/s using Pythia

20 Theoretical predictions and data are shown for & > mf)/s unless specified otherwise

U(£ > 7,,/157/5) [mb] i T T T T II.II ID tl 12()111()]]]] 7Tl Vlg T ;l 111(1)!6 T T T 1T IIII ]

ata \s=7TeV:i>5x
‘ ATLAS Data 2010 694 =c 24(83(])) j: 69(extr) 1 00 __ Schuler and Sjéstrand: g >5x10° —_
Schuler and Sjostrand 71.5 [  e=eee- PHOJET (Engel et al.): &> 5x 10° ]
PHOJET 77.3 80 B A Data 2010\'s =7 TeV: extrap. to & > mﬁ/s N
N al- — Uncertainty (incl. extrapolation) R
Blouk_ and Halzen 69 B —— —— — Schuler and Sjostrand 4 %{ N
Ryskin et al. 65.2 - 67.1 B —memm Block and Halzen 2011 ‘ 7
Gotsman et al. 68 60 —_ [ Achillietal. (arXiv:1102.1949) _‘
Achilli et al. 60 — 75 B ¢ pp Data . .
- o pp Data o -
* Data (§ > 5x10°®) significantly wE % = -
o) T ]
o - *‘ - e 3'g,.ﬁ°/ ATLAS -
lower than MC predictions from - E

bot h S&S a n d P H OJ ET E VAVIL_;:S= tééé::)f(;rragsz;ed using Pythia implementation of Donnachie-Landshoff model
1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIIIl 1 1 IIIIII|
* Uncertainty dominated by ] ‘0 7 ppe ppw

\'s [GeV]

absolute luminosity calibration

 Extrapolated value agrees with models (power law, logarithmic rise,..) within
uncertainties dominated by uncertainty on the E-dependence of o



Measurement of the inelastic pp cross section

at Vs =7 TeV with the CMS detector

CMS_ |

>
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¢M>~ CMS Inelastic cross section:
¢F—— | preamb|e

* New method based on the assumption that the number of inelastic p-p interactions
in a given bunch crossing (# pile-up events) follows the Poisson probability
distribution:

(L *G)n_pilrmp % o _(L*G)

* Npjjeyp d€PENds on the total o(pp) cross section and on the luminosity L,
where L=L, (luminosity per bunch crossing), known with a precision of + 4%
—cross-checked using the number of triggers in each bunch (L* o = Nevents)

e Pile up events are recorded by a high efficient and stable trigger (double ee, p; > 10
GeV); important that trigger efficiency does not depend on ny;,,

e The goal of the analysis is to count the number of primary vertexes (n, as a
function of luminosity (L) to extract o




CN/S/ CMS Inelastic cross section:
1 analysis procedure

;/-‘

o

1. Acquire the bunch crossing (BC) using a primary event:
the BC is recorded because of a firing trigger.
Primary event used “only” to record the BC producing an unbiased sample

2.Count the number of pile-up (PU) events:
for any BC count the number of vertices in the event.

3.Correct the number of visible vertices for various effects:
vertex merging, vertex splitting, real secondary vertices...

4.Fit the probability of having n = 0,....8 pile-up events as a function of luminosity:
using a Poisson fit for each bin = 9 values of o(pp),

5.Fit the 9 values together:
from o(pp), we obtain o(pp)



“M>7 CMS Inelastic cross section:

4

e
G

~ vertex requirement and efficiency

 Track requirements : (= 2 pixel hits) && (=5 strip hits)
* Vertex requirements : (=2 tracks) && (p;>200 MeV) && (|n|<2.4)
 \Vertex qualitycut : NDOF>0.5

Fake vertices contamination (~ 1.5 103):

Secondary (fake and real ) vertices
L e G R Lyrywm - real secondary vtxs (long lived particles)

the beam line

- fake secondary vtxs (vtx alg. splitting a single vtx)
beamline

1.2

Lo ‘ T T T .‘ T T .I | T T T T T T T
s [ CMS Simulation .
'8 [ —
----------------------------------------- é 1; y;‘éb*é
. . > | |
e Tracker GEANT simulation used to compute the vertex £ sl By E
reconstruction efficiency 5 B S ]
s 06 ~
* Algorithm reconstructs vertices separated by 2 0.06 mm. § | .
The “blind distance” is largely independent of the g 041 o3 oyt At st 2reconsutnd ks
o L 1as: eas! reconstructed tracks |
number Of traCkS |n the Vertexes & r L] Pythia8: At least 3 reconstructed tracks  —
é 0.2 __ o} Pythia6 CW: At least 2 reconstructed tracks__
9 3 . . . . (7] — . . Pythia6 CW: At least 3 reconstructed tracks—
— Need to correct PU distribution for the missing fraction = [, . . LT
0 2

N q 4 6 8 10
of events at low multiplicity and for vertex merging effect Generated Vertex Track Multiplicity [p> 200 MeV, |n|<2.4]




C&S; CMS Inelastic cross section:
— count the number of PU events

. . CMS Preliminary,\s =7 TeV, L = 36 pb™ —

* LHC has reached a peak luminosity of gE RN E
. : £ F e

2*1032 cm s1 for this 2010 analysis 2 8t E

o 7= —

8 of 5

* However, the important parameter isthe 5 s- =
. . . 4 : =
luminosity per bunch crossing I 3
—> an accurate measurement needs a large o E
luminosity interval: 0.05 + 0.7 -10°°cm~?s! 0 g e 0 0a s 06 07 o8
Inst. Lum|n03|ty [1 0¥ cm?s 1

10° L I B B R

CMS Preliminary,\'s = 7 TeV, L = 36 pb”

Data divided into 13 luminosity bins

Entries

10°

In each luminosity bin the number of

|

10* :
|

|

vertices is computed

| IIHIH| | IIHIII‘ | IIIIIII‘ | IIIIIII‘ | \IIIIII‘ LI

I IIHHI| I IIHIII‘ I IIIIIII‘ I IIIIIII‘ I \IIIIII‘ [T

I
100 |
| np, = # vertices-1 ,
e : Analyzed events with 0-8 PU events
10 [ 1
i |<H2_ T ——— ‘>-.1|0‘ .. 1.1 Ratio Data/MC very flat up to 8 pile-up

Number of vertexes events



(M5 CMS Inelastic cross section:

~ corrected distributions

Using the correction functions, we unfold the measured vertex distributions to
obtain the correct distributions to fit with a Poisson function:

T R I c 0.4 T
S - CMS Preliminary, Vs = 7 TeV, L = 36 pb 3 S =
S F T, ’ ’ ] = F Events with 1 plle up E
S - ] O 0351 ]
Lt : .-h“-.. . . : Lt - L N -
i .. Events with 0 pile-up ] o3 . E
*-_\“‘ 025 e, =
L |_PU=0 e _| - . -
10" e = 02 .. —
- - 1 - e =
- ‘.. ] - PO=1 .
- . ] 0.15 =P > s
. 9. - 83
PR S [N SN T TN TR N TN TN S TN (NN TN TN TN SN T TN SN S TN (NN SN TR SR S N SO S 0 C.a PR [N SN T TN TR N TR SN SN TN (NN S TN TN S T SR SO S S | PR BT .
0 0.1 0.2 0.3 0.4 05 08 0.7 0 0.1 0.2 0.3 0.4 08 0.7
Luminosity per crossing 10~ cm?3s™! Luminosity per crossing 10 cm2s
c 03— , , , —— - —
S - ] S 1
2 RN . 2 %U_\slents with 3-8 p|| up é
T 0251 . . = S L PO o etes Bk il St oty
H - it ] b 107 E e .- ',4’1.«.?_
“E r i 102 2 T e e o
- » . - R E e -
0.15 FPU=2 , - N e T e e .
- g ] 10° | - e Y e -
- . . E . T ¥ SR 5
01 i ila- = ST PP S E
- Events with 2 pile-up wl Y f ‘ 5
u . . =i RET =
005 , .~ Ll L L T B 10° HNTANEN P r’ﬁ , - - P
0 0.1 0.2 03 04 05" 08 0.7 0 0.1 0.2 03 04 05" 08 0.7

Luminosity per crossing 10*° cm2s

Luminosity per crossing 10%° cmr2s



CMS/ CMS Inelastic cross section:
-

= fitted cross sections

From the fit to each distribution 2 o(pp)n € SY R L
with n=1,..9 being the number of vertices. s 25 E
o] - -

A fit to these 9 values gives the final value: v 2= ° .~
C1sh * 3

o(pp ) =58.7 mb - . E

. 1E -

(2 charged particles, p;>200 MeV, [n[< 2.4) = o . ]
05 o * e =

_ 2 . . * _5 :nn | 1 1 P | 1 | PRI R | n:

E (§=M?,/s) interval: >6 *10 12 3 4 5 Numb8 of Verdees

CMS Simulation =z 0 pT— T T =

‘g 104 = £ - 2010 CMS Preliminary,\'s = 7 TeV, L = 36 pb'1 3
@ F Allevents 599.5 o= 58.7mb, y* INDOF = 0.9 =
B Eventswit3tracks,p‘>200 MeV % 59 = {Atleast 2 charged particles with ||<24 and p, > 200 MeV) é + + E

1035_ ,,,,.Eventswnt2tracks,p‘>200MeV E__> Y U L —E

- 58.5 - ® ¢ + - + =

10 - 582— —z

i 57.5 F =

0E 57 - =

- 56'5 :n | PN NN TN T TN S YT TN T TN AN ST ST T WO N T TN TN S WO WO TN T NN ST ST T [N SO SO S U | .u:

? ! ° ° * ’ ’ 1 3 1 2 S 4 5 7Numbesr of Ver%ces



CM>” CMS Inelastic cross section:

— | main systematic checks
Variation of the luminosity values:
CMS luminosity value known with a precision of 4% =2 Ao=2.4mb

Modification of some analysis parameters:
* Different set of primary events (single mu/double el) > Ao=0.9 mb

* Change the Poisson fit limit by 0.05-103¢ 2> Ac=0.2mb
* Change the minimum distance between vertices
from 0.1 cm to 0.06 and 0.2 cm - Ao=0.3mb
* Change the vertex quality requirement (NDOF 0.1 —2) - Aoc=0.3 mb
Vertex Transverse position cut (0.05-0.08 cm) - Ao=0.3 mb
Number of minimum tracks at reconstruction 2> Ao=0.1mb

Use the analytic method Ac=1.4mb
Use the analytic method instead of a MC 2> Ac=1.4mb

o(pp ) =58.7 £ 2.0 (Syst) £ 2.4 (Lumi) mb



(M5~ CMS Inelastic cross section:
~  MC models and extrapolation

* Comparison between the CMS results and several Monte Carlo models

* CMS Systematic uncertainties (inner red error bars) and luminosity
uncertainty (outer black bars)

CMS Preliminary,\/s = 7 TeV, L = 36 pb™’

* Monte Carlo predictions 5 5[
with a common = N . X .
uncertainty of ~¥1 mb -
65—
* Except PHOJET and E o cuspramony : 3
SIBYLL (overestimating), “F 9 F ) o
QGSJET (too high), the sl s *& +¢
other models agree (+2 0) - %l | | I
0

[4)]
o

1 2 3 4 5

9 used for extra PO lation! Minimum Number of Charged Particles [p > 200 MeV, fn] < 2.4]



CMS

CMS Inelastic cross section:
results

12/15/2011

CMS preliminary

=68 * 2.0 (syst.) £ 2.4(lumi) £ 4. (extr.) mb

|neI

W" ol ® UAS |cwms
a ‘. 1 ‘ A
TL Lot o UA4
" * CDF
A proton-antiproton inelastic dataa total proton—antiproton o E710 'ATLAS
® proton-proton inelastic data = total proton—proton v E811
2 3 !

10 10 107 s 10

(GeV)

28



ATLAS and CMS Z
comparison between them

CMS o (E>6x10°)=58.7+2.0(sys)* 2.4 (lum)mb
ATLAS o (§>5x10°)=60.3 £0.5(sys.) £ 2.1 (lum) mb

CMS o, =68.0%2.0(sys.)* 2.4(lum) * 4. (extr.) mb
ATLAS o, ., =69.1%2.4 (exp.) 6.9 (extr.) mb

inel
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Total and Inelasticp-p ‘M
cross section at LHC

v' ATLAS and CMS central values lower than TOTEM after extrapolation
into region of very low & (extrapolation error is dominant)

T T I T / ™TT j
110 =  Auger + Glauber i —

- . ATLAS best COMPETE i fits — | _

- v CMS -~ - =--114 - 1.52Ins+0.1301n°%s -
[ LT |
80 [~ ) /~/ - !
- L | .
. t ] I

m - » /(- - ﬁ

60 i —$’+f

50 - / S L

. . " - 1
ETV = wow == = L0 -
wE -wr*?
20 |-

— 140

= 130 Trot (red), T, (blue) and o (green)

e &3 pp (PDC) *  ALICE
= 190 .

w 120 - pp (PDG) ® TOTEM

™7

Tt Tinel, and

(1]~ b

0 1 1 ool 1 1 13 gl 1 1 ol 1 PR B B B A1

10! 10° 10° 10* 10°
Ve (GeV)
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Conclusions

 ATLAS and CMS have performed precise (3.5-5%) measurements of
the fiducial inelastic proton-proton cross section for LHC at Vs 7 TeV

* Both measurements are dominated by the absolute luminosity
calibration (3.5-4%)
e ATLAS results are significantly below predictions by PHOJET and

Schuler & Sjéstrand (Pythia); CMS finds a similar discrepancy for
PHOJET but a smaller discrepancy with Pythia respect to ATLAS

 ATLAS and CMS total inelastic cross section both suffer from
uncertainties on the ¢-dependence that imply a large extrapolation
error.

* The results are consistent with predictions from Pythia (power law
dependence on Vs), from Block & Halzen (logarithmic dependence)
and from other theoretical calculation (Ryskin et al., Achilli et al.)
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Dominant p-p interactions at LHC

The pp inelastic cross-section is much larger than that for “new” particle production

- only 1/10° interactions would produce a Higgs

p-p dominated by soft QCD (low-p; transfer):
— Initial and final state radiations
— Colour recombination
— Multiple Parton Interactions (MPI)
— Underlying events...
Soft QCD processes are unavoidable background
for jet cross sections, missing energy, isolation...
—> impact on resolutions for ET .,
jet reconstruction, lepton ID,...
Soft QCD can not be predicted using p-QCD
- phenomenological models are needed and
Monte Carlo tunes can be tested looking for

agreement with data for various observables.
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ATLAS Inelastic cross section:
MBTS response

MBTS hit multiplicities dependent

on efficiencies of single scintillators , L Efﬁcnency usmgthks —

and material budget g 1F "

8 oogof " =

Efficiencies measured data driven: 2 oo &

e Using extrapolated tracks 097E- =

with pT > 200 MeV 0.96F- -

e Calorimeter signals behind the MBTS 0 osf. o asFreliminary —-Dala2010 -

E Track Tagged Counters --- Pythia & E

detectors 0 oubL e e S

5 ¢ c . -3 -2 -1 0 1 2 3

* Efficiency overestimated in the MC, o (rad]
by ~1%

Impact of material estimated using MC with different amount of dead
material, in combination with data



ATLAS Inelastic cross section:
background evaluation

Backgrounds from direct beam interactions with:

e residual gas in the beam-pipe or the beam-pipe itself

e material upstream from the detector

—estimate by using bunch crossings with only a single proton bunch
— Inclusive selection: 0.1%
— Single-sided: 0.3%

Additional background from ‘afterglow’, like slowly
decaying beam remnants
—can be estimated from timing distributions: < 0.4%



Peak Interactions per Crossing

ATLAS Pile-up 2011
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> CMS Pile-up 2011

The number of reconstructed vertices after the August Technical Stop
increased by factor 1.5 (*=1.5m = 1m)

Fills start with ~15 pile-up interactions.

| Number of True Vertices |

ZeroBias Events

Run2011B: <Nvtx>=7.78

Run2011A: <Nvtx> = 4.85
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CMS” CMS Inelastic cross section:
correct the number of vertices

uminosity: 0.05.0.10 10 _cm™ s

Luminosity: 0.10.0.15 10 ¢m™ s Luminosity: 0.15.0.20 10 ¢m™ s
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e ]

Vertex merging:
When two vertexes overlap they are

merged into a single one.
This blind distance is ~ 0.06 cm

Secondary vertices:
1.Fakes from the reconstruction program
2.Real non prompt decay

Both reduced by the request
on the transverse position

Most evident at low track
multiplicity

Summed Track Multiplicity
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CMS/ CMS Inelastic cross section:
T/

— additional measurements

Using the same technique, 4 different cross sections have
been measured:
* 2 charged particles with p;>200 MeV in |n|< 2.4
o (pp ) =58.7 £ 2.0 (Syst) £ 2.4 (Lum) mb
e 3 charged particles with p;>200 MeVin | n |<2.4
o (pp)=57.2+2.0(Syst) + 2.4 (Lum) mb
e 4 charged particles with p;>200 MeV in |n|< 2.4
o (pp ) =55.4+2.0(Syst) + 2.4 (Lum) mb
e 3 particles with p;>200 MeV in |n|< 2.4
o (pp)=59.7 £ 2.0 (Syst) + 2.4 (Lum) mb




Eikonal mini-jet model with k-resummation - arXiv:1102.1949v1/hep-ph

" o, Model | for soft and range of HE parameters, 0.66 < p < 0.77, PLB B659, 2008
o, Model II- A for soft and range of HE parameters, 0.5 < p < 0.66

100 & ----- GRV, p=0.75, ptmin=1.15 GeV, ¢,,,(7 TeV)=983.4 mb, o, (7 TeV)=56.3 mb
nw.,zA,—F(b.s)(&ﬁA,lE"‘- AzlE"?-). fit with mini-jets, PLB693, 2010

* Block Halzen, PRD83, 2011
® ATLAS PYTHIA extrap. preliminary

* ATLAS E > 10 and 5x10°° preliminary
ATLAS-CONF-2011-002 and 004
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Minimum Bias Events (from CSC book)

dN_/dn atn=0

10

PYTHIAB.214 - ATLAS
.......... PYTHIAG.214 - CDF tune A
PHOJET1.12

pp interactions

@ UAS5 and CDF data

ATLAS

Vs (GeV)

Central charged particle density
for non-single diffractive inelastic
events as a function of energy.

The lines show predictions from
PYTHIA using the ATLAS tune and
CDF tune-A, and from PHOJET.

The data points are from UA5 and
CDF p-(anti)p data.



Minimum Bias Events (from CSC book)
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Pseudorapidity (a) and transverse momentum distribution (b) of
stable charged particles from simulated 14TeV pp inelastic
collisions generated using PYTHIA and PHOJET event generators.

12/15/2011 45



