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Totem 1 coverage
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Detectors

e T1 and T2 detectors are installed and fully operational

* 220 m Roman Pot Silicon detectors are fully operational

. 147 m Roman Pot detectors are installed and tested
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=) T2 detector

GEM (Gas Electron Multiplier)

10 planes around the beam pipe
14 meters from IP
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T1 detector

CSC (Catod Strip Chambers)
5 planes each quarter
~ 7 meters from IP




TOTEM Physics Overview
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€D 2010 Data from Runs with RPs at 25¢ (1.5nb™)
First p-p Elastic Scattering Event Candidates [LPCC July 2010]
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=) pp Interactions

Non-diffractive Diffractive
Colour exchange Colourless exchange with vacuum
guantum numbers
dN / d An = exp (-An) dN / d An = const

rapidity gap
|

Incident
Incident hadrons retain

their quantum

hadrons

acquire numbers

colour and remaining
colourless

break apart

GOAL: understand the QCD nature of the diffractive exchange
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All the drawings show soft interactions.

In case of hard interactions there should be jets,

which fall in the same rapidity intervals.

Inelastic and Diffractive Processes (n =-In tg 6/2)

P o’ o Sie e .. * e,
l.1on—di_ffractive\§ o .. °. p :0.. o ot ; .o .. N
zllllegi)stlc /p'/\“:;‘ ' .' °..° 3 ..,: °. . S e 0 60 mb
t o 5 10

-10 -5 n
e
P P ¢
Elastic Scattering ’IP o ~25 mb
p \x P ‘ . . . . *
—10 -5 o s 0 n
P e, °
P ~7 b ¢ L I
Single Diffraction @1‘ ° - : . 10 mb
P = ) ) ) ¢ ) ‘
/ M -5 0 5 0 9
- % e ® A4 . b4
p . . .. o ® e .. g
Double Diffraction P e, . * * . * ~5 mb
p . L ] [ ]
S0 s 0 5 07
\E-" --”"r/:;d ¢ Y *
jlp’éy ™ L] .. »
Double Pomeron M ° o o . ~1 mb
Exchange /Alw,y o
P "‘xﬁ_‘gﬁ . . .

-10 -5 ° s 10 7

Multi P\j% e[, ., . .

Pomeron s o e . .
Exchange }/{}‘f‘ K .« . . <<1mb

(33‘N) O aunseay

*$$920.4d Surianeds ay3 ul LUl ulewal Yaiym suolpey + a|edas piey y

:dDD g JUdWAUYU0I Jo Alojeioqe| anbiun e si Suliapeds anndeyia



€ Diffractive forward protons @ RPs

y(s) = wy(s)-y" + Ly(s) - 6}

z(s) = wvg(s)-z* + Ly(s)- O +£-|D(s)e

Dispersion shifts diffractive protons in
the horizontal direction

Diffractive protons : hit distribution @ RP220
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a5) P-P Elastic Cross Section measurement
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Both diagonals
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Acceptance corrections

Correction for missing @ accept.:
Correction = 27t / accepted o(t)

acceptance Near edge region to be removed
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Luminosity

The data where taken in a
special run oct 30 2010.

The 220m pots where inserted
at 70 from the beam.
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z@g Elastic scattering — from ISR to Tevatron
\ 1
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Diffractive minimum: analogous to Fraunhofer diffraction:

PROTON-PROTON ELASTIC SCATTERING

DIFFRACTION

PATTERN

=

do/dt [mb / GeV?]

7T T 7T T T 7T 77T

9 05 1 15 =2 25 3 35
It [GeV?]

|t|~ p? 62

* exponential slope B at low [t| increases

* minimum moves to lower [t| with increasing s
-> interaction region grows (as also seen from o)

 depth of minimum changes
-> shape of proton profile changes

» depth of minimum differs between pp, pp
-> different mix of processes



<2 Proton Proton Elastic Cross Section
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2 diagonals: 2 different experiments,
but not 2 independent experiments

Global elastic differential cross section



¥ P-P Cross Section and Models Comparison
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P-P Cross Section and Models Comparison
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Low t elastic cross section measurement
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0, and O, correlations of both arms
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E%; Elastic differential cross section
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‘%; Cross-Section Formulae

_ 16]‘[("]6)2 . d()'EL

Optical Theorem: —
T0T 1 + p2 dl— .
Using luminosity from CMS: ﬂ _ 1 dN .,
dt L dt
p from COMPETE fit: 0=0. 14f8‘,8§
, do
OTOT = \/1920 mb GeV * EL
dt

Oror =O0g +O g

t=0



‘%{’ TOTEM: pp Total Cross-Section

Elastic exponential slope: B‘,=o =(20.120.2% +0.3""*") GeV~
Elastic diff. cross-section at optical point: do, =(503.7 =1 glstar) 26.7(Sy“))mb / GeV?2
dt |-

0.01
l Optical Theorem, O = O-l4to_08

Total Cross-Section

0, =(983£02040 5279 |03 mb

] (syst from p) )




ﬁ%; TOTEM: pp Inelastic Cross-Section

mb

(syst from p)
Oy = (24.8 +(0.25% & 1.2(Sy5t)) mb O, = (98.310.2(Stat) 4+ 70sys) [igg] yst from p )

Inelastic Cross-Section

o, =0 -0, =(73.5 + (0.6 [ji] (Sy“)) mb

inel

0, (CMS) = (68.0 £ 2.06vs) & 2 4(umi & 4 0 (extrap)) mp
O, . (ATLAS) = (69.4 + 2.4(®®) + 6.9 (extrar)) mp
0., (ALICE) = (72.7 = 1.1(mod) + 5 1 (umi))
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e pp Cross-Sections @LHC: 4 Methods

(& Luminosity calibration)

1. Low L(CMS) + Elastic + Optical T.

= depends on CMS luminosity for low-L bunches & elastic efficiencies & p

2. High L(CMS) + Elastic + Optical T.
= checks the CMS luminosity for high-L vs low-L bunches

3. High L(CMS) + Elastic + Inelastic

= minimizes dependence on elastic efficiencies and no dependence on p

4. (L-independent) + Elastic + Inelastic + Optical T.

= climinates dependence on luminosity



‘%“1. Low L(CMS) + Elastic + Optical T.

June’11 data : RP 100 ; L: bunches 1-2-10'p

. 167‘[(h€)2 do,,
O%OT = 1 2
+ P dr |,y

* Orpr =98.3 mb + [2.0(lum) 0.5(syst) ., (p)] mb

0.15

* Oy =) dog/dt=24.8 mb

20012 (1102) 96 ‘'1dA

* Opgr =Oqor ~ Oy, = 73.5 mb



e 2. High L(CMS) + Elastic + Optical T.

October’11 data : RP 6.5/5.5/4.80 ; L: bunches 7-10'9p

. _16n(hc)2.dGEL

TOT —

1+p°  dt |_,
+ Grop = 98.2 mb + [2.0(lum) 1.0(syst) %, (p)] mb

0.15

* Of =] dog/dt =253 mb

Areuripad - DOHT

* Opgr = Oror ~ O, = 73.0 mb



r%; 3. High L(CMS) + Elastic + Inelastic

October’11 data : RP 6.5/5.5/4.80 ; L: bunches 7-101%p
* Oy =) dog/dt=25.3 mb

* Oy =L Npygy,=73.4 mb

* Oror = O ™ Opver

Areuripad - DOHT

* Oror = 98.7 mb % [3.9(lum) 2.0(syst) | mb



r%; 4. Elastic + Inelastic + Optical T.

October’11 data : RP 6.5/5.5/4.80 ; L: bunches 7-101%p

dN .,
16Jt(hc)2. dr |_,
1 + pz NEL + NINEL

Oror =

* Oror =97.8 mb % [2.4(syst) ¢ (p)] mb

Areuripad - DOHT



‘%ﬂpp Total Cross-Sections @LHC Vs=7TeV

1. Oror =98.3 mb + 22 mb
— 2.4

2. GTOT - 98.2 IIlb :I: 2.2 mb

3. Grop = 98.7 mb 4.4 mb

4. Oror =97.8mb + 27 mb

Areurwipad - DDH'T



r%n pp Total Cross-Sections @LHC Vs=7TeV

GTOT — 98.25 mb - - i; mb

Areuripad - DOHT



H%ﬂ Charged particle dN/dn measurement
in the pseudorapidity range 5.3<1n<6.4

e |n 2011 the T2 detector has been used to evaluate
the charged tracks density.

* The runs used for this purpose where low luminosity
runs to avoid the pileup.

 The detector sit after a large amount of material
from the vacuum chamber and most of the analysis
work has been devoted on the evaluation of the
fraction of primary tracks.



Vacuum chamber shadow, and secondary
particles production
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‘%" Secondary tracks evaluation

| Glosal fitgindf = 3047233 £ 97F Global it yCindf = 276234
Tk 5.35<n<54 3 63<n<635
i Pl
E ’ éu’:
'iE E
WE

P " P [ e | PP | 1
I T R T R Noom & 8 s m =
Trck Zmgact (m) Trxck Zmgact (m)
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Charged particle dN/dv

o C
§ ~  oPythia 8.108 (Default-Tune) +Pythia 6.42 D6T
" 8 .Sherpa 1.3.0 (Default-Tune) =Pholet 1.12

] — =TOTEM Data

IIII

| | | | | | | | I | | |

6 6.2

6.4 6.6
Track |



Track density compared with
central measurements

dN/dn data from ALICE, ATLAS, CMS, LHCb, TOTEM
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\__
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Correlation between leading proton and forward detector T2
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=) Single diffraction large £

correlation between leading proton and forward detector T2

SD
An=-ng

sector 45 1P sector 56
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es Double Pomeron Exchange (DPE)
p (S)

DPE Rapidity Gap
An=-In g,

=—In tan 0/2

Use the LHC as a Pomeron-Pomeron (Gluon - Gluon) Collider - GGC



&)

Double Pomeron Exchange (DPE)

correlation between leading protons and forward detector T2
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Data Oct’11: DPE (as logic complement to the elastic tag)
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Example of DPE Mass Reconstruction
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Data Oct’11: DPE Cross-Section
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Conclusions

The TOTEM experiment has performed the total and elastic P-P cross
section at 7 TeV measurement using the Roman Pots placed at 220m from
IP5.

The measurement is done using the CMS estimation of Luminosity

The inelastic cross section is currently under evaluation directly using the
inelastic detector T1 and T2 and is in agreement with the value estimated
by subtraction

The direct measurement of the total cross section using the luminosity
independent method is finalized.

The inelastic detector allowed us to estimate the charged track density at
large pseudorapidity values.

A new trigger has been deployed to trigger directly CMS from 220m RP
and new physics scenarios are now open.
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‘%; Systematics and Statistics

t: 1[0.6:1.8]%syst optics + <1%a|ign. 1[3.4:11.9]%stat (before unfolding)

dO-/dt - +945yst Iumin; +1 9%syst (acc.+eff.+backg.+tag) +(0.7%sYst unfold.

B : +19%stat 41 94syst fromt +(0.7%5Yst from unfolding

dO/dt(t:O) - 4 0.3%stat 10.3%syst (optics) i4_(%)syst lumin il%syst (acc.+eff.+backg.+tag)

I d()'/dt + +9psystlumin 4.1 0zsyst (acc.+eff.+backg.+tag) 4.() §9stat extrap.

Oror & (+0.8% -0.2%)5¥5t0 & 0.2%51t +2 7%vst = (+2.8%-2.7%)5¥t = 0.2%5tt
O, - +5945vst (0. 89;stat
O\nel - (+2.4%-1.8%)Y<t + 0.8%°t



Resolution

'T%; Data Oct’11: Elastic + DPE
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Inelastic cross section measured by T2

o)

=69.3 + 0.1 (stat) = 1.0 (syst) = 2.8 (lumi) mb

inelastic, T2 visible

o =73.4+ 0.1 (stat) £ 1.9 (syst) = 2.9 (lumi) mb

inelastic




