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/) n
'u""". Total o(pp): Basic Concepts

- We measure the total pp cross section in a new way, using pile-

up (PU) events: —
The probability of having n ., p . (L 0) (Lo
depends on the total o(pp) (npﬂeup) = ' €
cross section. M piteup*

Count (event by event) the number (N) of recorded vertices

*The pile-up depends on the
“Luminosity per bunch crossing”:
maxXx. 2010 — ~06 1030 Cm'2 3'1 Define the “primary” vertex and select the other N-1 PU

events

4-|4-|

*Pile up events are recorded by
- P H Measure the fraction of events with 0 - 8 PU events as
a high efficient stable trigger

 The goal of the analysis is to count
the number of vertices as a function

of luminosity
@ Fit the distribution with the appropriate Poisson

Correct to account vertex reconstruction inefficiencies

II‘l
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il . Total o(pp): Event Selections

We select PU event large enough to make a vertex:
We count vertices requiring at least 2 tracks with |n|<2.4 && p,> 200 MeV
Each track should have at least 2 pixel-tracker hits && 5 strip-tracker hits

g m m~ 1.2 ] | T ! | T | | I | | | | | | | | | | I

A cut on the vertex transverse position o L : : .
_ P ? CMS Simulation
has been measured in data and used to 0 A
- : '
reject “fake” (secondary) vertices: & [ ¢ ]
Long lived particles E o.s; . -
Algorithm splitting a single vertex in two § i i
m )

£ 06— ' :
The vertex track multiplicity is the key  § - :
parameter: vertices having <10 tracks £ % ;o B

0 L Pythia8: At least 2 reconstructed tracks

are not always reconstructed I§ o Pythiab: At loast 3 reconstructed tracks
. : 02 Pythiab CW: At least 2 reconstructed tracks
Vertlces CIoser than 60 Mm are E . ¢ Pythiab CW: At least 3 reconstructed tracks

reconstructed as one T T

4 6 8 10
Generated Vertex Track Multiplicity [p'> 200 MeV, [n|<2.4]

Need to correct the PU distribution for the missing fraction of events at low
multiplicity and for vertex merging
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[N . Total o(pp): Unfolding Method

The VISIble number of vertices needs to be corrected to obtain the “real” number.
This is done in luminosity bins (13).
An unfolding technique is used in each bin, according to the following steps:

1) |In each bin, calculate the theoretical § - v ¥ b (i
distribution of pile-up events for that g :: ‘ " : i - o
specific luminosity interval assuming a fwl o g o ) .
certain value for otrial(pp) " A a, o B L .

L B o P (| .w L B 0. |

2) |Reweight the Monte Carlo to have the g s e gy g pre S——
appropriate generated PU distribution. 3 Ll | : A, :

§ R oo

3) |[Steps 1 and 2 have been repeated several : + ' . L N '

times using different otrial(pp) till good bl g M e N

..
L L Y U e [

agreement data and MC

o 10 cmc st

4) |Calculate the generated PU distribution
for events which pass the cuts

L iy
- Number of Vertexe

5) |Measure the pile-up distribution for MC e -
events that pass the selection cuts. 1 e

1
L
X
3
E
3
S
1
E
E
E

6) | Compute the bin-by-bin correction for 1
each luminosity interval. Number of Vertexes
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INFN

II((M

' Total o(pp): Poisson Fits

Usmg the correction functions, we unfold the measured vertex
distributions to obtain the correct one which we fit to calculate ¢
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INFN Total o(pp): Comparison with models and extrapolation

Istituto Nazionale
di Fisica Nucleare
V isi b I

We compare our results with several
MC models evaluating their
predictions for the same interval that
we measure

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

—_— 7
g
= F - Y
© - X
65— A
: @ CMS Preliminary ) A
- PYTHIAS A A
60 — A PYTHIAS ¢ ’ i
r ¥V PHOJET Q
3 QGSJETAI03 +}
I QGSJETI-04
I SIBYLL-2.1
55— 0 EPOS
L 4 acsaf
C | ] | |
09 i 2 3 4 5

Minimum Number of Charged Particles [p' > 200 MeV, In| < 2.4]

Total o

The total inelastic o can be evaluated in
a MC dependent way by extrapolation

CMS preliminary

5 o(mb)

=

100
|
80 | I,’-\\
Y ' ’ \
‘i ' \ ,'
60 : \\_’/
40 bt 0! ! ks
‘-‘-‘ol‘ o4 A UAT
ot 0 UM

« CDF
207 4 proton-antiproton inelastic dataa total proton-antiproton 0 E710
» W proton-proton inelastic data  ® total proton-proton v EB811

10 10 10 ys (Gey) 10

0,.= 68.0 + 2.0(Syst) * 2.4(Lumi) * 4.0 (Extr.) mb
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N . Exclusive Production: yy —> uu

Exclusive Production Semi-Exclusive Production

» Basically QED process * Unless both protons are detected, semi-
» Absolute calibration of luminosity exclusive p. are backgrounds
* Other backgrounds are:
* QCD di-muon
* Drell-Yan di-muon
* Simulated using L ,;, MC » Separation done using kinematic

distributions
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N . Exclusive Production: Event Selection

The selection of the signal proceeds in three steps:

* Online: 2 muons, pt>3
GeV

* Muons reconstructed
combining silicon
tracker and chambers

Exclusivity

* 2 muons, no activity
elsewhere:

 Valid vertex
* Dimuonic vertex

separated by 2 mm from|
any other tracks

* muon p> 4 GeV ,|n|< 2.1

*‘M(utu~) > 11.5 (Upsilon)

*Back to back {(|ag(uy)/n| > 09)
& Balanced |ap(up)| <1.0

3D angle<0.95n

2 ] MSE t ot L R
CMS o o 1 08 3¢
< + 73
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; L == Events
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HULAQ ~T oL I E
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o.sf- o —
0.5 [y 1 1 _. i}'ﬂtex—
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N . Exclusive Production: Final Results

The pp — pu*p~p contribution is extracted by performing a 1-D binned maximum-
likelihood fit to the p,(up) distribution.

CMS Preliminary \Vs=7TeV, L=40pb’
2 Fo T [three free parameters/prediction:
—— data - . . . .
8 3B [0 Signal -y : - elastic signal yield relative to the LPAIR
2 '[ I oo dsscatvernn: - the single proton dissociation yield
% O 2 : « Exp. factor for the slope of p dissociation
Tt 2
>
w20
Selection | Variation from nominal yield
15 track veto size 3.6%
track quality 2.5%
Drell-Yan background 0.4%
10 double p—dissociation background 0.9%
Crossing-angle 1.0%
Tracking efficiency 0.1%
5 Vertexing efficiency 0.1%
Momentum scale 0.1%
0 Efficiency correlations in |/ control sample 0.7%
0 05 1 15 2 2.5 3 Muon and trigger efficiency statistical error 0.8%
pT(up) [GeV] Total | 4.8%

o(pp — pp*up) = 3.38 ;. *0-8(stat.) * 0.16(syst.) * 0.14 (lumi) pb
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[N . Observation of Diffraction

* Observation of a diffractive signal dominated * - X
by the single diffractive reaction pp->pX_
=<y >LRG
- Data collected:
10 pb-1 at Vs = 0.9 TeV

«0.4 pb-1 at \'s = 2.36 TeV p P p
« 20 pb-1 at Vs =7 TeV

Beam Scintillator Counter (BCS)

BSC1 £10.86m

Hadroni (NS Hadronic

Forwerd (HF) Forward (HF)
JBBE

. CASTOR
o £h<n <A
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R . Diffraction:Event Selection Cuts

Online Selection ) Offline Selection

. Signa_l in eith.er of t.he BCS, - High quality primary vertex
coincident with a signal from - Beam Halo and beam background
either of the two BPTX detectors, rejection
indicating at least one bunch - Calorimeter noise cleaning

crossing the IP

Acceptance for SD events at 7 TeV: - Discrepancy between
Q qf_ T T T T T PYTHIAG6 with respect to either
S ol B M o PYTHIA8 or PHOJET
o — 0.02 » ’ . . . . -
S 5. | rmmesmase - different simulation of diffractive
o 0.6 | ot PHOJET SD /S ] -
< R = e system fragmentat_lon .
0.4¢ Ver ey - absence of hard diffractive
02| RSy processes in PYTHIA6
[ CMS Preliminary 2010 -- PYTHIA6 SD
T
log (E ) fractional energy loss of P X
Selection efficiency for SD events 10" "gen the scattered proton p in
¢ PYTHIA6 D6T: 25% pp — pX: LR
¢ PYTHIAS: 43%
¢ PHOJET: 42% § =Mx?2/s S
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SN ' Observation Of Diffraction @ 7 TeV

To enhance the diffractive component in the data, a cut was applied to the HF energy sum.

\l_ 7TeV L 20ub'

CMS Preliminary 2010
T

w LA L T
N_HF-: %I 0.1 E“—‘:—BG::p (BSC OR and Vertex) —
multiplicity of calori- % - S Snargy soste 1% i
meter towers above 2 - | eeeee - ::H‘,'é‘f .
threshold - 0.08[— e N —— — PYTHIAG D6T Non-diffractive |
N~ : : SO oo
/ 05 :-0-""_.- S W E
‘ i = ]
Sum(E(HF)): 0.04|— -o~ -
energy distributions ==t i
in the calorimeters e T e S ]
energy 0.02 L[ B i Sy NU . S
R =
SRR SR SRPRT Y o PR PR U S BTSN U N R Y 1 1 PR
0O 2 4 6 8 10 12 14 16 18
] ] ] N(HF-)
None _of the simulations considered R CMS Proliminary 2010 \5=7Tev_L=20u0"
describes all features of the data: < 0.0 " e,.<8Gev E
= (5] A —@— p+p (BSC OR and Vertex) =
O 0.0181 [ Energy scale «+10% .
' ' ) ey - PYTHIAG D6T ]
Pyth1a6 DT DW Cw P0 1l Pyth1a8 PhOjet w=0.016F N | e PYTHIAS =
N , s , , o) v “ PHOJET .
distributions w;thout dlffracnve eghancement | 2 0.014F * 7 PYTHIAS Non-diractive
Cal [g| <3 far  far  far  bad ok far  verybad Z 0.012f = PHOJET Mon-difirsciive =
Tracking bad  bad  bad  fir  far ok bad R A E
0.008}|— ‘ : : —
Forward ok far  far  bad  far  bad  bad 0.006f- i _ =
distributions with diffractive enhancement 0.004f~ — — — — —L e I - =
Tracking bad  bad  bad  far  far ok far 0.002p- = Hi_- .
- e i
Forward bad  bad  bad  bad  bad  bad  far 1 10 102
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SN ' Conclusions

14/14

We measured the pp inelastic cross section for events with 2 or more

charged tracks, |n|<2.4, pt>200 MeV: using MC dependent models we
extrapolated the result to the total cross section:

Oiota= 68.0 £ 2.0(Syst) £ 2.4(Lumi) £ 4.0 (Extr) mb

The first measurement of the exclusive two-photon production of
muon pairs, pp — pM*MTp is presented:

o(pp — pU*pTP) = 3.38,, 5510%8(stat.) £ 0.16(syst.) £ 0.14 (lumi) pb

Evidence of single-diffraction observation at the LHC at 0.9, 2.36 and
7 TeV centre-of-mass energy has been presented

Uncorrected data have been compared to PYTHIAG6, PYTHIA8 and
PHOJET after simulation of the detector response none of the
simulations considered describes all features of the data
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/) ]
’u”‘" Total o(pp): Introduction

Made an extensive use of the CMS tracker system: its excellent
spatial resolution plays a key role.

Quter Barrel - TOB
6 layers (2 DS)

N Inner Barrel - TIB

.= 4 layers (2 DS)

/} Inner Disks — TID

3+3 disks

Strip Modules:

15148 modules (pitch 80-205 um)\_ L E“";:";;(:EC

Single point resolution 20-60 um
Pixel modules:

1440 pixel detectors

100(r) x 150(z) um?

o=9 umalongr

o= 20 um along z
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R . Number of vertices Vs Lumi

True number of vertices in two luminosity bms

0.7 | I | | | |
6§ [ CMSPreliminary,Ns=7TeV,L=36 pb" | -
S 06F -
- - <L>=0.67 10" cm?s" ]
05— -
- — <L>=0.09 10° cm?s" .
04— -
0.3 =
02 | T =
oA -
0 :II T DT s e I RN B R B :Ii """"" feegeedog g o Lo Lo Ly -
0 2 & 6 8 10 12 14 16 18

Number of vertices
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[ . Vertex track Multiplicity in data

Vertex tquc[( rlmlnltlip!iqit%/ for plrirlnqry and piIe-up events

| l L I L I [

CMS Prellmmary,\/§ 7TeV,L =36 pb’5

14000

Events

12000
—— Primary event

too0f(r— > L
8000
6000

4000

2000

l|l|l|l|l|lll|lll|lll|Illr

B R R A R S O 0 I O O B
| | | I L |

0 N R R I--[‘"--I'---T""T""r-‘--].-..l..J W R B R SR B l—[

20 40 60 80 100 120 140 160 180 200
Vertex track multiplicity
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SN . Fake Vertexes

0.18 Trlacll( n}ultliplliciyy flor |sepopda]ry|velrticeg,

T ] T T T [ T T T [ T T 1

§ 0.16 : =
£ C CMS Preliminary,\'s = 7 TeV, L = 36 pb* .
S omufE E
2 o E
g - _
5 01 E
o - —
3 008 E
0 = -
o 006 E
0.04 — E
0,02 _\_‘l E
0 — [ T TN N TN T SN ST TN M NN oy SO SRS R | :

0 2 4 6 8 10 T
Number of tracks
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INFN . Generate a migration matrix

‘ " tsttuto atonate

The simulation produces a set of “corrections” that we need to
apply to the reconstructed vertex distributions

c c R e e e e e * LI L N L R B B R b ® AR LA RARRS RN LRRLE LR RS
5 3 - g H L ]
8 B Lusinsaity. 010018 10" am® s ® 1sb R t t / - 3 C ]
@ 8 - > 5: a |O rue ¢ ] > 13 ¢ * -
w w E = F 3 = C ]
3 = 14f * M - ] ]

10 b ko F measure E o 12 * =

o s L n = L B

3 ] 2 13 = 2 - L] .

i X = E * £ 11f * 3

3 TR » 3 ] - » 1

10 - “F N . C . * ]

F C ]

3 C 1+ -

] 11 . - o . 1

10’ > [ g ® - o ® ]

E 1_,:‘ . & 0o , J

0o 2z 4 B & W 1z W 1§ 1 P os o5 5 L X R os oE o

vertex Bunch Luminosity 10™ [cm? s Bunch Luminosity 10 [cm™® 571

- - x T T T x 5
c e R R R c BEARREERELERS RALE puas s R 3 E E
2 Lusimaty: 024630 10" cm’y' ] 2 Lusinealy. 030438 10" am' s’ 3 £ 10sf o 3
g o {1 & E : ot 1 =2
w E w 3 = E = =
- ] 10? k- T ossf N L] 3 © 3

b 3 %) E o E

E . b < .'_ - < 3

] 10’ b 2 0'9: * 2 e

3 N E Q E ‘ é’ E

10 o 1 E o.ssE— R ® 3 = E

“ 1 3 08fF ® E 3

10 - 5 ] E * 3 E

3 10 = 0.75 r = E

4 3 _ ] ZX) E 3

10 [ 10" o 07F 1 1 1 1 1 1 3 1 ! 1 1 1 ! E
G ; 0 01 02 03 04 05 06 07 ¢ 01 02 03 04 05 05 07

vertex vertex Bunch Luminosity 10" [em? s Bunch Luminosity 10™ [cm™? s

- - S x0.75_-n:luu||-u-lnnlunlnnlnu X OBFTTT T I T T IT T TT ITTITTTTTTTTT
3 R 3 3 B LA B F S R AR g F g “F ]
g o 1 5 " 3 3 o% 3 ]
& & F < 065E e® 1 = °%F E
10’ E ' e E T osE P E I ]
E ] g E e’ 1 T oesk o

10 E o L 5 099 3 + # ’ 3 3 F . o ]

3 E 3 E 0SE 3 = r ae 1

" y 0 b . 7] E E b osf * 3

K 3 3 E 045F 3 : + ]
' - 'l -i o4f E oaf ) ]

3 WF E 03sF 3 1

10’ - o b E 1 . 03bh 1 .-
G b % R R 05 oy O B B o os o5

vertex vertex Bunch Luminosity 10° [cm™? s Bunch Luminosity 10° [cm™ s
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-up events are there?

8 10651"'I"'I"'l"'I"'I"'I"'I"
= j—i CMS Preliminary,\'s = 7 TeV, L = 36 pb™
G 100

10*

Number of pile-up events: #
vertices -1

—
o
w
| I|l||||| | I||II||| | I||I||I| I Il|I||I| I |I|l|l|| [ TTIT

10
1 I | | | | | | I | | | I | | | | | | | | | | | | | | Iﬁ |
0 2 4 6 8 10 12 14
Number of vertices

We studied events with 0-8 pile-up events (non enough statistics to go further)
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sl . Vertex requirements

Position along the beam line:

Secondary (fake and real )
Real pile-up vertices are vertices are everywhere

along the beam line
g the beam line |
___________
,,,,,
,,,,,
td ~,
’ ~,
’ ~,
,/ \\\
N,
l’ N,

beamline

’
~, e
~, e
~ -
~ -
~ -
~. -
~o -
~ -
~~~~~~
________

Quality cut:

At least 3 tracks with p,>200 MeV in |eta|<2.4.
Each track should have at least 2 pixel hits and 5 strip hits
The vertex should pass an overall quality cut, NDOF>0.5
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CMS Preliminary,\'s =7 TeV, L = 36 pb™
200 __] T | T ‘ TT ‘I T I T T T 7T T 1 17T I T T 17T I PT T T I T 1T 179 I T 17T -I‘ TT |>,| T | T I_
Vertex merging: 180?— S _f
When two vertexes overlap 160F =

they are merged into a single 140
120
on.e- . . . 100
This blind distance is ~ 0.06 cm 80
60

Summed Track Multiplicity

40

IIIllllIllvllllllllllllllllllllllll‘ll‘lll’llllllllIII:
8257202 015 01 005 0 005 01 015 02 02
Distance between vertices [cm]

Secondary vertices: . _CMS Simulation
1'Fakes from the reconStrUCtion %0.092_ ------- ----- Without Transverse Position Cut
> 0.08 — P
p rOg ra m g 0.07 z_ —— With Transverse Position Cut
2.Real non prompt decay Jooss
5 0.05
%o.o4§—
Both reduced by the requestonthe & [
transverse position ooz h
e e
. OEIIIIl:nlullll:ui'!-'lnnll
Most evident at low track P e Track Multiptitty
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Lﬂ’”. Correction functions

1.2 prrrr e A B e e L o a2 e e 1.2 prrrrrre e
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® 14E 3 ® 14E 3 ® 14E 3

8 14E = 8 14E = 8 14E =

1 81055— | 3 31055— 3 81055_ 3

— — - E 3 E L 3 E | 3
\.JS-7TeV,L-35 pb 1;¢ : 168 - ) 2 1E2 o ] 3
095 F + E 095 + E 095 ] E

0.9 E Luminosity: 0.05:0.40 10* cm? 5 3 09 E Luminosity: 0.10-0.15 10° cm? s 3 0.9 E Luminosity: 0.15.0.20 10° cm? 4 3

08s E 08s 3 085 3

08 E 08 E 08 E e S

(I 3 4 5 7 8 (N 3 4 5 7 8 (N 3 4 5 7 8

Number ofGVenexes Number ofs\/ertexes Number ofGVertexes

12 T T T T T T T = 12¢ T T T T T T T = 12 12¢ T T T T T T T 3

Q 3 E Q E E Q E Q E E
S 115 3 S 115 3 S 115 S 115 E
8 1F 4 8 wuE 3 8 14f 8 14F 3
A 10sE 3 A 1osE + 3 A 10sE A 10sE 3
1E = 3 1 #.—'—‘—. 1E 1E 3

E o ] b3 3 E : 3 E

035 + 3 095 3 095 095 3
0.9 E Luminosity: 0.20-0.25 10* cm? 47 E 0.9 E Luminosity: 0.250.30 10* cm? s E 09 E 09 E Luminosity: 0.35.0.40 10° cm? 57 3
085 E 085 E 085 085 E
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)
INFN

Istituto Nazionale
di Fisica Nucleare

Given the very good CMS vertex efficiency, good fits even without corrections

na

Data: uncorrected distributions
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' Data: corrected distributions
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R ' Systematic Checks

We have performed 2 types of systematic checks:
Variation of the luminosity values (x4%)
Modification of some of the analysis parameters

ATEA} D TS

Scale the luminosity by +4%  -2.3 Perform Analysis on a different dataset +0.9
) _ o Change the fit upper limit from 0.6 to 0.5 0.3
Scale the luminosity by -4%  +2.4 -1030cm-2s-1

Change the fit lower limit from 0.05 to 0.15 -0.3

103%cm=2s7": Ao, = -0.3

Reduce the z-vertex range from 20to 10 cm  -0.1

Change the € correction by +0.02% -0.4
Change the € correction by -0.02% 0.3
Impose the minimum distance of £1mm 0.1

between two vertices

o, = 58.7 * 0.1(Stat) * 2.0(Syst) * 2.4(Lumi) mb
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R ' Exclusive Production:Control Plot

II||M

CMS Preliminary Vs=TTeV, L=40pb™
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Ll . Efficiencies Correction

CMS Preliminary Vs=7TeV, L=40pb’
T T T T T ]
0 vertex

* Pile-up: During 2010, < 20% of the total
luminosity with single interactions. : s
Using min. bias events, introducing °F T— ]
“fake di-muon events” osf  —— B

* Monte Carlo Simulation 5 —— :

Efficiency
—

o
(o)
T
|

l
I [
I

07k o -
L o6} . -
* Muon Efficiencies: Tag and Probe Method : ——
using inclusive J/Psi -> mmm and Z->mm. 0'5% SR S — e
* The resulting data/simulation ratio for the ' ~ Veto size [cm]
H o/ 3 H relimina
pair of (99.18 + 0.14)./0_ is applied as a = e S —
correction to the efficiency. = Zly—uu  Pythia Z2 tune
‘O

LK 3 E

 Vertexing: efficiency to reconstruct F—

primary vertex with only two tracks
matching the Kalman Filter.

*The vertexing efficiencies agree between F —
data and simulation at the 99.97%-level, and

therefore no correction is applied. i s

Veto size [cm]
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R . Diffraction:MonteCarlo Simulation
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R . Observation of diffraction

E ~ 2 (Exp,) if the proton emitting the pomeron moves in * z direction
2 diffractive events cluster at small values of Exp,: 0~ 1/§

¢ observation of diffractive peak in data

CMS Preliminary 2010 \s=7TeV
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'~F~ Fitted Cross Section

Each fit provides an estimate of the

cross section. 0
The fit to these 9 values gives the 25
final value: * 2
o(pp ) = 58.7 mb 1.5
(2 charged particles with p,>200 MeV in | 1
eta|< 2.4) .

E (E=M/2/s) interval: > 6 *10~5
= 60
e CMS Simulation 159‘5
I 59
wl Events wit 2 tracks, p> 200 MoV 58.5
§ 58
e 57.5
s 57

Bl =n

- ‘ 56.5

aLir=Y

.LllllllIllllIlllllllllllllllllll[lllllllllll_l_.

Chi2 of each fit

- v42= 9.80 » =
- * ®
3 LI
- ® =
- o =
- ® -
e e E
:. | PO [N TN TN SN W NN TN TN TN TN NN SN WY TONY TN (NN SN TN SN SN Y UNNY SO SO SO SN SO SN W1 I L1 .:

1 : 3 4 5 6 7 Number of Ver? ces

_ll|ll|l]llll|ll||]llll|lllllllll[lllllllllll

— 2010 CMS Preliminary,\'s = 7 TeV, L = 36 pb’

= 58.7mb, y2 INDOF = 0.9
[ (Atleast2 charged particles with [n|<2.4 and p > 200 MeV) + +

llllllllll[l'

'llllllllllllllllllllll

PRI (S T T T T A S

A
N
w
|
(62}
[er ) B

7Numbg of Ver%ces

na Matteo Marone - inelastic, diffractive and exclusive processes

Hiroshima- 27 September 2011



