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Outlook

The TOTEM experiment
» LHC special runs and TOTEM data

pp elastic scattering differential cross-section

- Large 1(0.36-2.5 GeV?)
- Small +(0.02-0.33 GeV?)

Total, elastic, and inelastic cross-sections

+ Perspectives on diffractive physics & cross-sections
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TOTEM EXPERIMENT




TOTEM Physics Overview
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= , : :
- —— best fit with stat. error band
& incl. both TEVATRON points
© s00 |- .——.totalerror band of best fit. s
total crr{)r band from all lﬁodcls =l
I considered ; P
I Cosmic Rays
L s
I & :
L 1o
- > g
40 - 5 ...... E ‘_] .....
| il L il
10° 10° 10°
Js[GeV]
Optical
167 dN
Latit = 2 d_ Theorem 16 (dN /dt)‘t_o
I+p° dtl, — Ot = > % =
L —N N 1+1O I\Iel + I\Iinel
Ot = elastic + inelastic
P
jet
| Diffraction: soft and hard ] B jet
P > > P

Marco Bozzo 4



Experimental Setup @ IP5 g
&
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& vertex reconstruction in inelastic events
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Detectors

* T1and 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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T1 Telescope 3.1<n<4.7
5 CSC planes

Anode wires and both cathode strips

T2 Telescopio 53<n<6.5 Kl
10 GEM planes

Strips and pads

Roman Pots ~9.5<n<~11
10 Si planes

u and v strips

Marco Bozzo 200 m away I 7



The Roman Pots

Beam Positioh Monitor (BPM)
fixed to the RP structure
gives precise beam position

Horizontal Pot Vertical Pots BPM

= 7} -
Z

Wi h - | unit 2 vertical po_'[s/ 1 horizontal & 1 BPM
- - station 2 unit, at 4 m distance

Detectors in 1 Pot

- 10 Si detector planes
» B12 strips at + 45°

* Pitch: 66 um
 Resolution: ~ 20 um
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Special development:

Detectors are
efficient already 50 pum

from mechanical edge
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pp ELASTIC SCATTERING
and
TOTAL CROSS-SECTION

t-range: 0.36 — 2.5 GeV?
0.02 — 0.33 GeV-?

oooooooooo



Determination of doc/dt at t=0

do _
;;’IODO T dt
& | ' 2 24
E%o :“‘/COUIOmb Scatte”ng\\ 4o (hC) G (t)+
Seon |1 PR 14 Tev |l‘|2
oo || Coulomb- 2
.: ‘ a(p—05¢)0sz (t)e—Bt/2+
Wl Nuclear ' i
interference 2 2
| . _ . O o1 (1+,0 )e—B't
H‘I_\Iuclears attering 167,(;-26)2
400 | a = fine structure constant
¢ = relative Coulomb-nuclear phase

L G(t) = nucleon em form factor = (1 + |+|/0.71)2

Il Il 1
0.002 0004 G006 0.068 CC1 0012 0.014 ©.016 2.018 ©C.02

e p  =Re/Im f(p<p)

Measure the exponential slope B in the t-range 0.002 - 0.2 GeV?
Requires beams with tiny angular spread (or large p* )

A special optics has to be implemented in the LHC
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Special Optics with large p* and low & 25

=
i

%

A precise measurement of scattering angles down to a
few urad requires a very large B

0.006
beam angular spread:

o(0*) =Ve/B*  =0.3 prad
beam size at the IP: sy /Y B*=1540 m ]
c* = g B* =04 mm (large) :

0.004 - 10 r.m.s. beam sizes .

-
-

— Large beam size requires

parallel-to-point focussing 0.003

ertical position/m

— Independence of measurement
from vertex position 0.002

0.001

10 microrad
initial angle

Min detector distance from the beam
determines minimum t.

Q5 Q6

=> Si-detector as close as possible to the 0 50 100 150 200 250
beam Distance from the IP/m

(NEEDS edgeless detectors!)



Proton reconstruction

*

Both scattering angle projections reconstructed: 0, and O,
- 0, from ©, @ RP220 (through dL,/ds) O, =dL,/ds O,
- O, fromy @ RP220 (through L,) y = L, 6/

gog. Inebl MAD-X 5.00.06 07/06/11 15.53.19 060 _

0.55 &B* =3.5m
| i H0.50 %
600.{ [|p 045

— Excellent beam optics understanding
— Magnet currents measured oI\ o

700. 4

B (m), B (m)

400. i L 0.30

— Measurements of actual beam optics o jow

200.-‘.‘
L 0.10

parameters with elastic scattering S

1) .
0.0 0.0
0.0 50. 100, 150. 200 ' 250.

* Ot = Opgnr (proton pair colinearity) * o
* Proton position < angle correlations

* L,=0 determination, coupling corrections
— Fine geometric alignment

— Alignment between pots with overlapping tracks (~1um) Track based alignment
— Alignment with respect to the beam - scraping exercise (~20um)
— Mechanical constraints between top and bottom pots (~10um)

L 0.25
g, L 0.20
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Proton reconstruction

* Both scattering angle projections reconstructed: ©,” and O,
- O, from O, @ RP220 (’rhr'ough dL /ds) O,=dL,/ds O/

- @ ro S H i 0 v O
from (1] ! sl |_|i P Yy =Y
Ihclb1l __ MAD-X5.0.06 07/06/1115.53.19

50.
— Excellent bec, ]

— Measurem,; |
par'ame’rer3

¢ O

. Prl'of’:or25'—_

+ L,=0 201

— Fine geometr'®
— Alignmen’r10

- Alignmen’r

— Mechanicc

Track based alignment

004 Lx=0 measured by TOTEM
5,

00  50.  100.  150.  200.  250.
s (m)
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5 {mam)

\s = 7 TeV

nnnnnnnnnn

B*=3.5m
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Proton tracks in one diagonal T

(left-right coincidences)

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

Far Mear Mear Far
Top Top
BLM I:ID Hﬂmﬂ“*alaglm’” _} |L IP5 o - 1| {' ------- I[LG- ----------- _Gﬂ[i_];[-u
+——t|U ———————————————————— - BPM B Horizontal -
Bottom |:| Bottom t |:|
'g‘ 307 \7
E [ B 10°
- B B = - - 2 2
Sector 56~ 20 = t=-p=6
10 100
i 1 >
B ] E=Aplp
0
i 14102
a0 | y=L,8,
Sector 45 i hap s ]
s - 10
-20 b el m R e T _ X:LX®X+§D
i 5 ] L,~0

1

3% 20 10 o0 10 20 30

X [mm]
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Elastic colinearity cuts

X
1=
1o

&

-
(=]
(X

©, 56 [rad]

-
o

O o 0 |

5-04-03-02-01 0 041 0.

Co-linearity in 0, . E~0 Co-linearity in 6.,

Data outside the 30 cuts used for background estimation
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Acceptance (1)

0%

-0.145

y-acceptance corrections

@, [rad]

-0.15}

Near edge efficiency transition 60 pum _
(removed) e BT

| I T I I T I T I T T I T I T I I '0-165
g _ j
g o 0.17
'.q‘ wl \ . N A, = ! -3
‘o 04y \ -0.02 -0.01 0.01 002 0.03
i 102 @, [rad]
0.2 -
L 2
- 2 _
o
i § |t|<0.36GeV2 removed
10
-0.2
i 1L
0-4"Missing acc |

0.25 0.3 0.35 0.4 045 0.5 0.55 0.6 0.65
t, [GeV?]
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Acceptance (2)

p-acceptance corrections Total g-acceptance correction/
¢ accept.
No. t[GeV?] ©O"[rad] Acc?ptedfp correct.
3 (2diag) [T ¢,
l_lo.siI(‘\Ip\IIIIIIIIII\\\\III\\\II_III\IIII\\\\\ acor
E - Accepted (p(t SO Iy : 1 0.33 1.65E-04 38.6 9.3
= 0.4¢ et Diagonal 18910° 2 036 1.71E-04 76.4 4.7
© 0.3F /J/ e SN T 3 0.60  2.21E-04 162.5 2.2
g _-;'.'- il S ; \\ g i 4 1.00 2.86E-04 209.8 1.7
0.2} " i —— o (i 5  1.80  3.83E-04 246.3 1.5
0_127 i o3 TTXZG . 6 3.00  4.95E-04 269.0 1.3
: (o @ |
o | =
i NGRS
0.1 i 5
'0-2: ..:'. 5 1 s ;_.:-. R .'l_'_.'."' “l_/' § 10
-0-3_ N "E-\:-_? : Tt ".-;li :-I:i_‘-. . %
= '\-,'_.'- S ,.—..,;_I / '§
0.4 SR Byiagonal 210 4 : o
- Accepted @(t) © i x10° )
-0'-%.5 -04-0.3-0.2-01 0 0.1 0.2 0.3 04 0.5 \
* \“_‘—-—-—‘
@, [rad] I —
Correction critical at low t I I T T T T S Ty
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Background determination

- ISi nal.l % i” | :1 1 I ‘ ‘ dN/dt comparison: sum vs. backgroun
’ B/S = (8.2+1)% : S
s — background . T
— combined ¢ =17.8 prad l
(beam divergence)

1[]3 -

Combined
background (

I

T - .‘ | ; t[GeV7]
Aexlsqrt(Z) ! ' 1 (Geve)

Signal to background normalisation Signal vs. background (t)
(also as a function of AB,)

o — t-reconstruction resolution:
oo’ 0.4 GeV?:14%
o) V2P0 . 4 cev2: 8.8%

t
vt 36GeV?: 5.1%
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|+|=0.46eV2: B/S = (11+2)%
|+|=0.56eV2: B/S = (19+3)%
|t|=1.56eV2: B/S = (0.8£0.3)%




Efficiency (1)

Method 3T/4:
full elastic analysis with 3 track segments

ins.l.ead Of 4 313 ......................... :"i““ T:::
3 pots out of 4 used to determine efficiency of g,
missing pot 3

ey
-

4 pot-diagonal efficiency computed via
consequent combinations

=k

Efficiency correction t-independent = 1.18 - 1.19

5.9% + 2.9% + 4.3% + 4.7% + (5.9% + 2.9%) - (4.3% + 4.7%) =
17.8% + 0.792% = 18.6%

=
w

correction factor 56 far

=
[==]

107

Huge data reduction factor before analysis sample ? 07762 022 024 026 028 03 052 034
Checked : Events’ scan

Correlated inefficiencies pots for 2T/4 « MiniDST (pots empty, shower, hits)
Goal : Understand the data reduction step-by-step * Multi-track algorithm

. i : * Theoretical rates vs observed
Criteria: select pp candidates (elastic, 2*SD, DPE) .
* Trigger vs detector acceptance

reject MB,background,..... « Mini-bunch data reduction
Determine inefficiency in detection of pp * Events topology and rates

>>> triggers: ~90% on background (showers) ; ~5% cut by RP acceptance ; ~5% pp pairs

Marco Bozzo 21



56
RP215
RP220
A RP215
A RP220

45
RP215
RP220

A RP215
A RP220

Optics

dLx/ds Ly [m] ROT [mrad]
-0.311962 22.1464676 0.0432331
-0.311962 22.6191755 0.0396463
-2.84% +0.78%

-2.84% +0.81%

dLx/ds Ly [m] ROT [mrad]
-0.314508 20.3883272 0.0400268
-0.314508 20.6709463 0.0372828
-4.51% +10.19%

-4.51% +10.79%

0B
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B o— All constraints

&

Strong correlations of fitted parameters

Principle Component Analysis (PCA)
should ideally be applied.
Results checked with MAD-X.

w2INDF = 25.8/(36-26)=2.6

(lower if correlations elmininated)

Mean pull =0.043 Pull RMS = 0.86

Full nonlinear fitting with harmonics and
displacements.

—o— Fitted parameters

22



TOTEM elastic : 2 "Experiments”

@T:ﬁm

=

‘v?lh/ N
gQ.")

i‘%

top 45 bot 56 ; bot45 top 56 i ———
Entries 82
7 Mean 0.5129
- RMS 0.2096
1_ Underflow 0
10- = Overflow 0
; Integral 2.549
1072 =
i 2 diagonals:
103 =
i 2 different experiments,
10“‘; and NOT
- 2 independent experiments
10'55—
:I L 11l | | | .| | | | | | [ | J | ‘ |
0 05 1 15 2 25 3 35

Marco Bozzo
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TOTEM: large-1 Result

crl 1 S I N I B I R T T TS
> E —1— statistical errors E
(QDJ B _
IRt
s - \
B o T, #M'ﬂmm _
© 10-2 = -
103} iy i
- Tasim S
N It] g
10% = - E
z T
105 i ty;,=-0.53+0 71 %, GeV? +

1 0'6 [ 0 5 I | 1 I | 1 5 I N 2 [ |2 5
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Large B run
small-t ELASTIC SCATTERING
TOTAL CROSS-SECTIONS
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%

June 2011 B* = 90 m optics L

Un-squeeze from injection optics

B * fr'OIT\ 1 lm 0 9 Om @ Evolution with time : intensity, energy, f3* c’a
[HelmU'I' Burkhar‘d'r' Andr'e Ver‘dier‘] scheduled : 28/06/2011, beam for 90m from 20:00 - 04:00 Fill 1902
- Sl 1
- beam2 m ———— byt
Very robust optics with high precision & B "
(doesn't depend strongly on machine . - Hso
elements parameters) s i,
E 15i % i ;
= 150 ; Tty
»  Two bunches: £ 10 2 -
« land 2 x 10'° protons / bunch FH 3 - o
« Instantaneous luminosity: | B | e : £ = i
. 8x1026cm—23-1 & ! | \ | | | I I I

1800 2000 2100 2200 2300 0000 0L00 0200 03:00 0400
 Integrated luminosity: 1.7 ub-!
« Estimated pile-up: ~ 0.5 %

« Vertical Roman Pots at 10 ¢ from beam center
« Trigger rate : ~ 50 Hz

« Recorded events in vertical Roman Pots: 66950

Fill 1902 Beam process SQUEEZE_HIGHBETA-90M_3.5TeV_IP1_IP5_LONG
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Proton tracks in one diagonal
(left-right coincidences)

Sector 45 (220m)

Horizontal I:I BPM

Sector 56 (220m)

P N
&5

Far

Sector 56 §20
>

10

10
Sector 45

-20

10

Marco Bozzo

Wl

20
X near [mm]

0 1

= _p2 62

>
& =Ap/p
(y=L,0,

X=L,0O,+ED

L -~0
L,~260m
L,~ 0-3m

Inel. pile-up ~ 0.005 ev/bx
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Colinearity

Colinearity plots - events with tracks in both arms

-3
? 0-3 ‘ ‘ 5'0.15XI10\ T T T T T T T T T T T T T T T T T T T T T T
" '
© : — - ) 3c
0 0.2 S N
. x © 04 - |
® o) B 5N ]
0.1 - 10 0.05" TR :
- - \\ 110
0 | 0- 1
-0.1 -0.05: - -. . - — |
0.2 0.1-
1 C
B N [ LI 1
_o 11 11 ; | | ; I I | ; | ; | I | ; | 111 X10-3 _01 7I 1 1 | I | I | [ | [ [ ‘ | [ | X10-3
0.3 -02 -01 0 01 02 0.3 1815 01 005 0 005 01 0415
0, 45 [rad] 0, 45 [rad]
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Angular difference between the two

[©,* (protonl) - ® * (proton2)] / V2

ﬂ ];“.ntlriels I‘ SbBQ H
g B ﬂ H Constant  233.6 ||
Lﬁ 2507 Mean -0.005
i Sigma 2.494_:
200~ fﬂ m
150 % &
100~ pAf \
50 - /N2
%5 -10 0 10 15
AQ, [u rad]

Marco Bozzo

outgoing protons

beam divergence c g«

S .

Q

n

*

=2.4mad
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Optics, t-scale and acceptance

Perturbations: optics very robust (L, ~ sgp), better than:

- dO, /0, =1.3%"rst

- do,/0,7=0.4%srst
Non-linearities in @, (y) reconstruction due to dLx / ds measured and
corrected for: (checked via Lx)

t systematics: d7/ +=0.8% (at low [t]|) up to 2.6% (at large | )
Acceptance cut correction at low | #| is a factor < 3 ( ¢ symmetry )

><\1 \OI-3\

H0-2 rrrryrrrryprr0rprrrrpr T T T T T T
E ¢ =

'@0.15"

0.15 .-r- .. .I
C - I 'k
- A, r
0.05; = RAVARE T T SNk

6\7II\IH\IH\HIHI\\IHIH\HI\HI\IIH
[t|=2x102 GeV?

5t

acceptance correction factor
f Y

. - ]
- / s m \ E — 10 -
0 8l = 3]
57 \ m /- N B ’—‘
-0.05 B :II-I'I'. Am +4 7 B
C II \/ u - : 27 HIL |
-01: - =n | W = - - B LLJ-L‘HJ
C s " oam ] 17
-0.15F 1 f
-0 :\\I\ I | L1l Ll L1 L1l | \II\:X10-3 Oi\ll\l\\\l\\\\\l\\l\\l\\l\\\\\l\\\l\ll\\7
'-%.2 -0.15 -0.1 005 0 0.05 0.1 015 0.2 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
0, [m] It| GeV?
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Efficiency Detector + Tracking

* Method: 3 pots o

JHl.._H_....‘po—m-ms
1 e =
0.8:
0.6; —
0.4} —
0.2 —

- Near bottom 56:1.3% -
%112‘ 004 006 008 01 " o2 a0

ut of 4
_! T T LI R S B B T _y_pot_effic - R R
; L _ S : Irﬁ 1.033 E F I‘\i 7
] 5. . Accept. + eff. cor.
E EE : . 3
5 F o

0.8 ] 3 [ \ :
os: . 10k \_‘_|j =
02 E i Bl
Far top 45: 3.3% : i =

o P N SR P BN 81 0 0.05 04 0.45 02 025 03 035 04 045 0.5

.02 0.04 0.06 0.08 0.1 0.12 It [GeV?]

Diag. "top56 bot45": 1.5+2.5+1.4+3.3+(1.5+2.5)(1.4+3.3) = 8.9%
Diag. "botb6 top 45": 1.3+2.7+1.4+3.1+(1.3+2.7)(1.4+3.1)= 8.7%

Uncorrelated 2 pots out of 4 taken into account
No far-far or near-near correlations observed

Marco Bozzo

Detector and tracking efficiency > 91%
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Elastic do/dt and o,

small #and large #data (published in EPL95(2011)41001 )
superimpose.
103 8 o 5 o W e 5 5 B o

\\ B=20.1 GeV-2
N
N

I \I/IHH

Extrapolation to =0
do/dt|;-o = 5.037x10% mb/GeV?

do/dt [mb/GeV?]
2

AN

10 = Sy - . .
= \ - Elastic cross section
1_ i _ 83 mb(ex‘rr‘ap) 4 165 mb(measur'ed)
% TOTEM EPL relerence% = 248 mb
- 1t]=0.36 GeVZ.% .
10" o

™
§ Red zone delimits the

102 t1£0.47 GeV? uncertainty region from
the large t measurement

0 0.05 0.1 015 0.2 0.25 0.3 0.35 0.4 0.45 0.5
b =2X102GeV? 1t/ [GeV
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Cross-Section Formulae

. _t6elc) dog

Optical Theorem: ogf . =
TOT >
1+ p dt |,
Need
luminosity from CMS: dUEL :1. dNEL
dt L dt
p from COMPETE fit: p= 0_143-‘3;
2 dGEL
Oror =.119.20mb GeV~ -

dt |._,

Otor =O0gL T O NeEL
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TOTEM: pp Total Cross-Section

i‘%

Elastic exponential slope: B|_,=(20.1£02"£0.3"") GeV*

ds,

= (503.7 £1.5%“) £ 26.7""Ymb / GeV?

t=0

Elastic diff. cross-section
at optical point:

+0.01

l Optical Theorem, ©=0.14", 4

Total Cross-Section

4+0.8 1 (syst from r)

S, = (98.31r 0.2 +2.7) g7 mb
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TOTEM: pp Inelastic Cross-Section

mb

-0.2

— (2484026 +126%) mh s, = (98.Ei 0250 £2.70% g7

< (syst from r))

Inelastic Cross-Section

_ Gtot . G (73 5 + O 6(stat) [+18] (syst)) mb

o el

Inel

G, (CMS) = (68.0 % 2.00¥st) + 2 4(umi) 4 4,0 (extrap)) m
G, . (ATLAS) = (69.4 + 2.4(ex0) + 6.9 (extrap)) m
G, . (ALICE) =(72.7 £ 1.1(mod) + 5 1 (lumi)) mp
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Compilation of o,,, and o,

T

—_ 140 T T LI T T T T T T
Jé’ tot (red), Tinel (blue) and o) (green) / .
= B0, pp (PDG) « ALICE Yy i
© 120 ¢ —
i * pp(PDG) e TOTEM T // ]
S 110 o Auger + Glauber ‘ yd =
é 100 <« ATLAS best COMPETE oo fits v T o .
S gl COMS - ---11.4—152Ins +0.130In?s 7 -
S 80 e =
70 - =
60 - —
50 [~ =
40 = ’,,”/—
30 — - — vV & - - —]
— 0' 1 o _ - _. - .
Ar JEEDLT L N
10 o t-sooose o — v ===~ 7777 ) i
O Fﬁ- | | | | 1111 I | | | | 11 11 I | | | | 11 1 | I | | | | 11 11

10! 10 103 10 10°

Vs (GeV)
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Energy dependence of the

exponential slope B

TOTEM|
@)
-

%

— o PP
—o— PP

—— TOTEM

B (GeV 2
N
o

175 -

15 -

S LI

-

103

10%
Vs (GeV)
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The proton structure

increasing energy

blacker
radius increases .
edge area increases Total cross-section
T T T [ T T T T ~ 140 T T T TTIT T T T 117
—inl E Otot (red), Oine] (blue) and o] (green
V3 = 10! GeV —— ] £ 1y | ot ) et (blue) and ce (green) i
VE=10"GeV —— 1 | 0, - s pp(PDG) +  ALICE |
V5 =10% GeV ----- ] g 201+ pp(PDO) « TOTEM i ]
V3 =10 GeV == 7 | HC £ 110| o  Auger+Glauber 3
VE=10° GeV ——— | s100| ¢ ATLAS best COMPETE o fits -+ e
V5 =108 GeV —---- 5 > CMS - - 114-152In5+0.130In?s | S0
i V5 =107 GeV ---- - 1 3 V] -
v V3 =10° GeV - --- i S oaf ]
e - 70 .
S T [
r-% | ] 60 - _
: i 50 5
] 4 T
G i ] 30 - -
] 0 -
.. g . - 10 -
~ '-\-."_\”"\J‘_:L‘_"T Lo 1 0_ I Lol I | Ll I Lo
0 1 2 3 4 5 10! 102 108 104 10
B [fm e
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pp Elastic Scattering - ISR to Tevatron

W\Qﬂ

i

W

1464
) o 10 —anti
T proton—proton ISR 5 proton—-antiproton
S102 i\ 5
G10° )} S ~ 1.7 GeV?
Eactp il . E
o] 1 —_—
RiiF Tay e, 27.43 GeV
o A% 30.5 GeV 44, X
10T b, iy
I\
b N _o
107 b, ‘ | 44.64 GeV x10
10-14:_ : _ e 52.48 Gf\jr“ x10~
i I~
Co: 62.0 Ge g 6
16 IR B e X1 16 1 L Ll
0: 2 4 6 8 10 12 14 0 0.5 1 15 2 25 3
~0.5 GeV? It| [GeV<] It| [GeV?]

Diffractive minimum: analogous to Fraunhofer diffraction: [t|~p? q?

PROTON-PROTON ELASTIC SCATTERING

* exponential slope B at low |t| increases
- minimum moves to lower |t| with increasing s

DIFFRAGTION
PATTERN

* depth of minimum changes

ooy ——— - shape of proton profile changes
BEM = - depth of minimum differs between pp, p~p
TaRGET - different mix of processes

Marco Bozzo

- interaction region grows (as also seen from o,,;)
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Models and TOTEM, a Comparison

s=17TeV

f—
)
=

—_ E 1 ™M 1 T T T
i : \ — Block et al.
i% B ' Bourrely et al.
T I~ J
= 10~ [slam et al. (CGC)
- - Jenkovszky et al.
<l : Petrov et al. (3P)
= { A—2 TOTEM
107° |
1073 & ~
1074 = —
z s
10—5 L L | L L | L L | ! L L | !
0 0.5 1 1.5 2 2.5
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Comparison with models

tDIP

0.48
0.54

0.60

0.72
0.51

X
[1.5-2 GeV?]

10.4
8.4

5.0

4.2
7.0

TOTEM 23.6 =03 0.53 =0.01 7.8+%0.3

p— 10[] - I I I | I 1 I
~ : Block et al.
@ I Bourrely et al.
—g -1 kE Islam et al. (CGC) B
- Jenkovszky et al. (t=-0.4 GeV?)
fti - Petrov et al. (3P) Block 25.3
3 10-2 —— TOTEM Bourrely 22.0
Islam 20.2
10-3 £ _|{Jenkovsky 20.1
§ Petrov 23.3
04 -
5 S
10—5 | | | | | | | | | | | | | | 1 | | ‘ | | |
0 0.5 1 1.5 2 2.5
| [GeV?]
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PERSPECTIVES ON
DIFFRACTIVE PHYSICS
& CROSS-SECTIONS
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pp Interactions

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

Incident hadrons ” Incident

acquire colour hadrons retain

and break apal’t their quantum
numbers
remaining
colourless

GOAL.: understand the QCD nature of the diffractive exchange
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Diffractive forward protons @ RPs

y(s) = vyls) -y + Ly(s) - Oy Dispersion shifts diffractive protons in
2(s) = wvg(s) z* + Ly(s)- O +¢-|D(s)¢ the horizontal direction

Diffractive protons : hit distribution @ RP220
Lowp™:05-2m

= . 30 ~— .30
E | E m ?\
= scatt 1/2 =5 i /
i Y= GY - l ty i < > N
o | 1o - \ a
[ ) 2 . /, \
of 10c [ petic: €—— X ~ E=ApP/p o} 100 '
U !\ I
: : : e,
-10 -10 | / ! \
-20 -20 - / ] \/\/
el e m—~\4 il
x(mm) x(mm)
* For low-B* optics L,, L, are low *L,=0, L is large
- v,, v, are not critical because * beam ¢ = 212 um — v,, v, important
of small IP beam size (deterioration of rec. resolution)
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Inelastic and Diffractive Processes
(mn = -In 1g 6/2)

<D

B .:.0.0.'..'.0 e ®
non—diffractive 0 Ml i : ., S e . .. o ~60 mb
1 1 . . & =8 2 LI

m\
+
Q
S inelastic . . i % Z - > -—
e (ND) /PAKQ R TR Y 3I_gY
0 I3 o —h
S u 68 33
nw IJ — o
S23 - : et ~25 mb =% 28
o < i Elastic P o S wn g -+
t ‘3 }_) Scattering 2 . | | | | B S—" g < g
S C c -10 -5 ¢ s 10 7 N ‘v o
| - Q) o - * m
Q) _: . ® . m
+= 3‘ b //p r . et % ot o 8
t+ £ | o JetS -lomb 8 8588
- W Single P .. = > 3
+ £ '3 Diffracti R == . w 30 &
w o = ® 3 g 0 S
% %’ g \ R IR e £ b Q Q@ ®n %LS
P o _- . " . ® -~ m -~ : m
< +~ O Double e C. T s
w ¥ Diffraction > SRS NS i = 33 ¥,
‘& -c—) g —-10 -5 [4 H] 10 n l!“ 8 8- k c
S £+ — et s T Tl P
.- (o} c \1% . . " . 0w =3 G-D
= < .= Double Pomeron - . . ~1mb M =
o — IVI . m 3 Un
C = = Exchange Y | (e L bt
-O o Hg -10 -5 [ S 10 7 E.
v 9 =
< g O =
+ = Multi E * | . .. . .
o ;): < Pomteron \\J”'[%f o e o . . . << 1 mb
( — 3 Exchange J—/n‘?‘i . . -. . .
‘x L L
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Single diffraction low &

Correlation between leading proton and forward detector T2

¢.

SD

Rapidity Gap .
A-rl = -|n g MX - g S
sector 45 sector 56
RP T2 T2 RP

Low & '. .
ot L g b

run: 37280003, event: 3000

—~ 50T T T
g r RP, sector 45
B 4()j 1 — 150 prrrrrrrrrrom
s 30 ] =100}
20 - ! > E
[ 7] <
10 ] i
o ] 0
=10 j 7, —50
—20 - "
—30 F i —100E
_407 — _1507\\\\\\\\\\\\
50 L | . | ] —150
-5
-25 0 25 50

z (mm)
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-20
=30
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Single diffraction large &
correlation between leading proton and forward detector T2

¢

SD ®

Rapidity Gap

M-
An=-In§ . EJ

n

sector 45 P sector 56

RP T2 T2 RP

Large & . . . @\ .
£>6.5% 4/‘/'1/@ =/

[ ]
=

run: 37280006, event: 9522

— 50T T T 50 . :
g [ RP, sector 45 g F RP, sector 56
A 40 150 T . 8 a0f
r 1 g F T2, sector 45 E L ]
B ) E r e B )
= 30T ] = 100 f = = 307
200 ] > i = 2 .
10~ - 50 L 10 B _
or el = 0 or N =
—_10F ° . 10k i
101 ] 50 lor
—20 ] g —20 F .
-30 . —100 . ] =30 .
—40 - - 150 Do T ] a0 |- ]
50 L s ! s ! ‘ ] —150 0 150 50 [ | |
—25 0 25 50 g (mm) 25 0 25 50

z (mm) z (mm)
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Double Pomeron Exchange (DPE)
p (S)

p (S)

DPE ¢ Rapidity Gap M..2= )
@ an-ine, ‘ pp” = &1 &S \ In g, @

n =-In tan 6/2

USE the LHC as a Pomeron-Pomeron (Gluon - Gluon) Collider



Y

Double Pomeron Exchange

correlation between leading proton and forward detector T2

sector 45 P sector 56

RP T2 T2 RP

low ¢ high ¢
£<1.5% £>1.5%

run: 37220007, event: 9904

(mm)

50 T ‘ ‘ — 50T ‘ ‘

r RP, sector 45 g r RP, sector 56

40 - 150 150 R

i ] g r T2, sector 45 g F T2, sector 56 s j

L i = F £ F L i

50 r , ~ 100 [ = 100 F > 30 i ]
20 B § > F EN F 20 B )
o1 ] 505 50} 10 - :
or ;7 ) 0 ] 0 i or hd - N
-lor ] 50 F —50 -0 ]
=201 — E —920 - |
—30F i -100¢ ~100 ol 1
—40 m 150 Do T ] 150 b R ] 40 B
0 [ ‘ | ‘ | ‘ 1 —150 0 150 -15 0 150 50 [ | | 1
-25 0 25 50 v (mm) v (mm) -25 0 25 50

z (mm) z  (mm)
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Example of DPE Mass Reconstruction

mass
P p(E)
600 —

i M pp atrap. ypp
2001 p p &)
4001~ £, < 1.5%; &,>5.0%

- Conditions:
300~ Low-B
200?_ Vertical RP

i Horizontal RP
100~ T2

o_l I 11 | L1 | I | I | | I | I | I
0 50 100 150 200 250 300 350 400

Mass [GeV]

Marco Bozzo 50



,B* = 90m oct11: Elastic + DPE

'E30

E
>

20

10

-10

-20

.1'.|.|II||||I||||

o T 7 | 1T T T | 1T T 1
v |
ﬁ-‘?ﬁ
-.'_
i 1"'

- ||||i||||i||||
3-030 -20 10

RP 45

AND
RP56

10

B*=90m
RP@48c

~no pile-up
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,B* = 90m oct'11: Elastic + DPE

Angular correlations

Preliminary

®x,56 [rad]

-3 -3
O.4xl1p\l T 17 T T 11 LT 1T FTTd T 17 T T 11 T 17 EO15XI1Q T 1 T 17 T T T 17 T T T 17 T T T 17 T T T 17 T T
- SR j 102 & [ i
0.3F L8[ i
- : @ 0.1 :
0.21 . - 1 =102
B . 0.05/" .
0.1 i ]
0: 10 0: :
- i =10
-0.11- i ]
B -0.05| 3
-0.2f i ]
- 0.1 ]
-0.3[ B ] 1
B 1 | i
_0 _I L 11 L 111 - L 111 - \. [ 11 - I ><10-3 _0 1 B | | | | | | | | | | | | | | | | | | | | | | | -\ _X10-3
b4 03 02 01 0 01 02 03 04 1815 01 -005 0 0.05 0.1 0.15
0, 45 [rad] ®y, 45 [rad]
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.
(P

,B* = 90m oct11: Elastic + DPE
Resolution

Preliminary

o 900
2 -
(W 800F
- M e = 13 um
7001 / \L
600f Aﬂ/ \k
5001

w0
o
200

f

I R R R N L1 | SN B B D
-0.1 -0.05 0 0.05 0.1
AX [m]
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Data Oct'11: Elastic Differential Cross-Section &

Rl < (cnds low-t limit
=
L —
®
=
[
L —
al
i
dJlmalggmlg|1||||||(|)J]11g11116[511116|£g||||Jd511”6”3”5 il 04
6x10° [t [GeV?]
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DP E (logic complement to the elastic tag)

E
>
.S
©
=
=
[S
.S
al

-20

=%
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-10

DPE RP candidates

20

10

o
IIII|IIII|IIII|IIII|IIII|IIII

III
J'1II|IIII|IIII

-20 -10

0

10

20

30
X [mm]
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DPE Cross-Section

i S (Y T K ) O ) SRS e F S S | IR I IS | et | iR [ Tt T

DPE RP candldates
t-dglstrlbutlon

. \Q
N
\@ 10

Q

| |
o'/ 005 0.1 0.15 . .
~8 x 10° GeV? It| [GeV?]
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1

dN/dn

M. £ 4N
= — P CH 4a v v o=y 0

=1
dE/dn

E (Tevy AT

CMS

@Tqm

CMS + TOTEM: Acceptance .

largest acceptance detector ever built at a hadron collider ,

90% (65%0) of all diffractive protons are detected for p* = 1540 (90) m

z%U T1,T _l_‘—|__|—'_I_Tl,T2 %U

- 8 5 |Charged

E S S -

2 & |particles

3 Energy
flux

il i ! 2 11 I| 111 I| 11 1 |I 111 |I 11 | 11 ! il

1 1 1 i i
13 -75 -5 =25 0 25 & F5 10 U

-0.1 -1.1 -13_ 4

13.4 1.1 0.1 G(nrad)

&3:-

831 01 001 G "
1.8 0.67 0.24 0.09 0.0 G.01 ﬂ{mrﬂd)

'CM

| central

J6.6 134 49
f T i

L Bl LR R el
L




CMS

pp->pX pP->pjjX pp->pj] (bosons, heavy
pp->pXp PP->pJjXp pp->pjjp quarks,Higgs...)
soft diffraction (semi)-hard diffraction hard diffraction
Cross section Luminosity
B (M) 1540 90 2 0.5
L (cm™ s?) 1029 1030 1032 1034

TOTEM LHC runs

Standard LHC runs

Marco Bozzo
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Thank you for your attention

Large-t elastic published in s N 32201 GeV .
8 | = ev e
EPL, 95 (2011) 41001 Eqetf| S - ;
— 1 \ LB 10;
% : + statistical L _‘
§ o ienenme I — 1) N .
E t1=0.36 GeV? ]
- [ l1'~4‘r'rplnxw""naammﬂ h 10-1 - %\% -
i - ! 10'2§ |tj=0.47 ev’;
”u“ﬂq,ﬁﬁ;@. 0 0.05 0.1 015 0.2 0.25 0.3 0.35 0.4 0.45 0.5
e : It| [GeV7]
107 £ - E
i s Gev? T + Small-t elastic and total cross-section
R published in EPL, 96(2011) 21002.
It [GeV?]
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Measurement of p in the Coulomb-
nuclear Interference Region?

o

Obtain the last ingredient for o,,, from measurement rather than from theory

3 S S
8 10 - B*=90m: e i tggf
5 i  we - (en=3.75pumrad)
o QG
I B B 6.
g o -
| ¥ - "';'l\-%g" =
: — . P | -
b =1540m: - - ws 0 (gy =1 pum rad)
3|0 IR B ' NS LR
10 ; \\COL!}—QT,b_figt{gjeér‘i, "‘: '6’6 -
o
10 -4 \f”\//,""\/"/ . y’ (\V | [ ISR S NN ST N S NN MY N
0 2 4 6 8 10 12 14

sqri(s) [TeV]
—>might be possible at sqrt(s)=7 TeV with RPsat 5 to 6 ¢
—~incentive to develop very-high-p* optics before reaching 14 TeV !
e.g. try to use the same optics principle as for 90m and unsqueeze further.

Marco Bozzo 62



ﬁ@T;m

Possibilities of p measurement (@)

04 -

02

oe ]
02 |
L}

04 f |

} PP
L PP
( ) T thot

20,,(s)dIns

asymptotic behaviour:
o«l/Ins for s >
P prea. ~ 0.13 at LHC

Marco Bozzo

10°
Vs (GeV)

[t| at 50% acceptance [GeV?]

p* = 1540 m, SN— | pm rad

o

-7
-

hadronic ——

: ~“Ohadronic— CCoulomb

<~— Coulomb

|2|”|3”H4HH5H”6HH7
Distance to beam Imml

Try to reach the Coulomb region and measure interference:
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Proton-proton elastic scattering at the LHC energy of \/s = 7TeV

Proton-proton elastic scattering at the LHC energy of \/s = 7 TeV
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Background Subtraction

Extrapolation of the background of the EPL paper should be an
upper limit (2SD + DPE +...) for the real contamination of the low -
distribution: found to be <=1% @ |t|<0.1 GeV?

[©,* (protonl) - ©* (proton2)] / V' 2

Entries 5033

[]]
g 250_ ’_L H Constant  233.6
hxy hxy w L Mean -0.005
‘ o ;:i:jhx:;;:; N 7.7i; " VL}Q{ Sigma _ 2.494
[ - = Mean 5 = —
3G§ Mean y 0.2781 30 ; ix: :y :‘: 200 B
E Integral 1.507¢+04 E P4 | / m
20 i o] o 0 20 B 0 0o |0 B
o = & 4
a0- 1 E |} o : 1001 ”Af \
: ] - i B’ -
% 20 i - 50
-30F -30: il L A ﬁ\
40~ '5‘ . 0 o 5 o ‘10‘ . ‘15‘ ‘ e _405\ L L L L LI 10 :\ [ j L1 L1 %QV&LA e
-5 0 5 10 15 9.I.5 -10 -5 0 5 10 15
. . AG):, [u rad]
left: middle: right:
before colinearity req after colinearity req no tails

Data confirm that there is no measurable background.
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Statistical and Systematic
uncertainties for the
t and dof/dt

results

Table 3: Statistical and systematic errors on ¢t and do /dt.

ot =0 (&g (1)

6(do/dt) =0 4)q (1) & Eélggjjdt (1)

t| = 0.4GeV?

or +0) 5,519 12 GGSyst
; D 6%

o(do/dt) oz .Stat +25 ¢z Syst
do/dt +2.6% —37 /o™

t| =0.5GeV?

9 = +£0.7%5 £2.5%5

I

O(do/dt) or.Stat +28 o7 Syst
ooV = £4.4%5 128 %

t| =1.5GeV?

O = £0.8%5 £2.30%%

S(dglﬁrdt) - ¢ Stat 127 o7 Syst
“do/dt +8.2%>"" T3, %>
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Otot

Table 1: Results of the TOTEM measurements at the LHC energy of /s = 7 TeV.

Statistical uncertainties

Systematic uncertainties

Result

t +34+11.9% £[0.6 + 1.8] % PticsL « [ alisnment
single measurement!*)
4o 5% / bin L fpluminosity 4 jGranalysis 4 () 7unfolding
B +1% +1%tseale 4 0, 7%unielding (20.1 £ 0.25 £ 0.39°) GeV 2
d2], g +0.3% +0.3%°Ptics 4 4 luminesity 4 ] G7analysis (503.7 + 1.5 4 26.79") mb/GeV?2
‘ lr crll_ng At iD_B%extrapolmion + 4%huninm;ity + l%analysis
Ttot +0.2% (iﬂigiﬁ) “ +omu 98.3 £+ 0.2 4 2 8" ) mb
Oa=[%dt | £0.8% +5% 24.8 + 0.25 + 1.2%5*) mb
Oinel +0.8% (f’.?iﬁ)

Tinel {CI\IS}
Tinel {ATLAS\J
Tinel (ALICE)

68.0 & 2.0°v5% + 2.411“111 + 4extrap) mb
69.4 4 2.4°%P 4 §.9extrap)
(TQ.? 4 1.1medel L 5l1|umi} mhb

(
(
(73.5 £ 0.652¢ 71§ ¥ty mh
(
(

*)corrected after unfolding

Marco Bozzo

analysis(includes tagging, acceptance, efficiency, background)
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