Proton-proton elastic scattering and
total cross-section at 7 TeV by TOTEM at CERN LHC
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Elastic scattering from ISR toTevatron

proton—-proton ISR

31 GeV
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Diffractive minimum: analogous to Fraunhofer diffraction: |t|~ p? 62

PROTON-PROTON ELASTIC SCATTERING * exponential slope B at low |t] increases
n : p minimum moves to lower [t| with increasing s
% DIFFRAGTION -» interaction region grows (as also seen from c,,)
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< depth of minimum changes
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TOTEM: area overview

Forward protons | |
-220and -147m | L Tl T e ,
from IP5 Ut Bty S i+ -

np147 RP220 -  Forward rotons
+147 and +220m
from IP5



Experimental setup at IP5

Inelastic telescopes: charged particle
& vertex reconstruction in inelastic events

T1:31<n<47
T2:53<1<6.5
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oman Pots: measure elastic & diffractive protons close to outgoing beam
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TOTEM: completely installed and running

’\

LR

All Roman Pots at 147 and 220m installed (24 pots)
T1 detectors are installed on both sides

T2 detectors are installed on both sides

Trigger system based on all detectors is running
DAQ is running with an event rate capability of 1 kHz
Special runs with dedicated pB* and bunch structures
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Beam based alignment of RPs @ 220 m

Scraping exercise:
RP220 approached the low intensity beam in 10 um steps
RP220 for routine msertlons in 2011

{ Beam Loss Data

Beam intensity

*.. Vert Pot Position (mm) |

TOTEM
Data taking, RP220s close to beams
(@) - vertical RPs @ 50 = 2.2 mm
- horizontal RPs @ 70 = 1 mm
- low pile-up
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Elastic p+p scattering @ 7 TeV

Several runs were taken during 2010

different distances of the Roman pots to the beam center
/ oruns were analyzed
18 ¢ runs with a total luminosity of ~5.8 pb-1 will come

]
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Luminosity

fill 1455

important for
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Track based alighment and reconstruction

* Both angle projections reconstructed: O and G;
— 0. from @, @ RP220 (through dL /ds) ©,=dL/ds 0O,
— 0, fromy @ RP220 (through L)) y=L 0]

= Excellent optics understanding
— Magnet currents measured

— Measurements of optics parameters with elastic scatt.
O = O (proton pair collinearity)
*  Proton position € angle correlations

* L =0 determination, coupling corrections

B “\ - Fine alignment

+ — Alignment between pots with overlapping tracks (~1um)
(\\ ' — Alignment with respect to the beam — scraping exercise

) (~20um)
\ / — Mechanical constraints between top and bottom pots
(~10um)

Tracl-: based alighment
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Cuts and data reduction

Sector 45 (220m) Sector 56 (220m)
MNear
Top

Top
f BPM 3
EIU.L.?.«::]‘.hI{_\ I IP5 o H— -
BPM |:| Horizomntal
Botton

1 Bottom

Topology

Intergrated luminosity
— near and far units

— diagonals

Low |Z]| selection (30)  Total triggers 5.28M
|KRP,45|{3UK @ L, =0 ]5h0wers

| Xppse <30, @ L, 5=0 elastic topology

Reconstructed tracks & 593k

COTT- Yrp216,45 <7 YRP22045  Low | £ | selection 70.2k
COIT. Yrpa16,56 €7 Yrr220,56

Elastic collinearity (30) Collinearity cuts 66.0k

* *
- ex,45 Hex,Ss

— By45 <856 Diagonals analysed independently
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Proton tracks at a single diagonal (left-right)

Sector 45 (220m) Sector 56 (220m)

Mear Mes
Top
o L
P I|:| Horizomntal

Top
Bottom

Topology

Intergrated luminosity
— near and far units

— diagonals

|}(RF’,45|{35K @ Lx,45=0

| Xppse <30, @ L, 5=0 elastic topology

Reconstructed tracks &

Low |E]| selection (36)  Total triggers 5.28M
]\shcwers

293k

COTT- Yrp216,45 <7 YRP22045  Low | £ | selection 70.2k
COIT. Yrpa16,56 €7 Yrr220,56

Elastic collinearity (30) Collinearity cuts 66.0k

* *
- ex,45 Hex,Ss

— By45 <856 Diagonals analysed independently

XLI ISMD, Miyajima, 2011. IX. 27 T. Csorgd



Cuts on momentum transfer

Sector 45 (220m) Sector 56 (220m
Mear

[op [
Horizontal BPM > - I[L

|:| B\ Horizontal
Baottom Hoftom

<L
y far 45 [mm)]

T I A
7 8 9
y near 45 [mm)]

|K| < 3I‘Jx @ Lx =0 Yrp near,d'sH Yrp far,45
(dLy/ds=0)
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Elastic collinearity cuts
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Background and t-resolution determination

— combined (beam divergence)

—— j‘\ e tosa
|
|

Combined
background (),

AB,/sqrt(2) ' -t [Gev?]
Signal to background normalisation Signal vs. background (t)
(also as a function of AG, )

¢~ —» t-reconstruction resolution: |t]=0.4GeV?: B/S = (11£2)%
_ 0.4GeV 2 -14% |t]=0.5GeV?: B/S = (19£3)%
o) _~N2po |t|=1.5GeV?2: B/S = (0.8+0.3)%

= 1GeV *:8.8%
r Vit

3GeV “:5.1%
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t, acceptance correction

-3

. »x10

I I T I T T | T 1 I I I T 1 I T
. -
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V

t|<0.36GeV? removed

y correction factor

I i LT 771 I | 1l
0.25 0.3 0.35 0.4 0.45 0.5 055 0.6 0.65
t, [GeV?]

Correction error (ty}:
0.31 GeV?: 30%
0.33 GeV?:11%
0.35 GeV?: 2%

0.4 GeV?:0.8%

0.5 GeV?:0.1%
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¢ acceptance correction

Total ¢-acceptance correction

-3

; t.
05>$‘|1HI|IIII|IIII|IIII|III|IIII|IIII|III|IIII|IIII q:."ccep

correct.
factor

Accepted @
(2 diag.) [* ]

0.33 1.65E-04 38.6 9.3+4.7%
0.36 1.71E-04 76.4 4.7+1.8%
0.60 2.21E-04 162.5 2.2+0.3%
1.00 2.86E-04 209.8 1.7+0.1%
1.80 3.83E-04 246.3 1.5
3.00 4.95E-04 269.0 1.3

No. t[GeV] O [rad]
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¢ acceptance correction factor

Critical at low t-acceptance limit
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Elastic scattering cross-section

do/dt [mb/GeV?]
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Comparison with models - selective resulit!

B t t"
(t=-0.4 GeV?) DIF [1.5-2.5 GeV?]

Vs = TTeV
Islam et al. (CGC) 20.2 0.60 5.0
Petrov et al. (3P) 23.3 0.51 7.0
Bourrely et al. 22.0 0.54 8.4
Block et al. 25.3 0.48 10.4
Jenkovszky et al. 20.1 0.72 4.2

TOTEM 23.6 + 0.5 D';zr 7.8 + 0.3

T
LAl

=

G. Antchev et al, TOTEM Collaboration, Eur. Phys. Lett. 95 (2011) 41001
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New result at low t just released

do/dt [mb/GeV?]

XLI ISMD, Miyajima, 2011. IX. 27
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New result at low t published

Elastic exponential slope:

Elastic diff. cross-section at optical pomt:
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,m (ATLAS) = (69.4 + 2 4.-.:p--| + 6 9 'H*rar': mh
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http://cdsweb.cern.ch/record/1383030/files/CERN-PH-EP-2011-158.pdf
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http://cdsweb.cern.ch/record/1383030/files/CERN-PH-EP-2011-158.pdf
http://totem.web.cern.ch/Totem/docs/epl13980-offprints.pdf
http://totem.web.cern.ch/Totem/docs/epl13980-offprints.pdf
http://totem.web.cern.ch/Totem/docs/epl13980-offprints.pdf

Total cross section at LHC determined first time
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G. Antchev et al, TOTEM Collaboration, EPL 96 (2011) 21002
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