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The TOTEM Experiment at the LHC

IP5: CMS,
TOTEM P2: ALICE
IP4: RF A
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TOTEM Physics Overview

Elastic pp scattering

P

over a wide
t-range

Total pp cross-section

best fit w1th stat. error band
incl. both TEVATRON points
100 |.——total @.kl.@.t.b_a_l_l_c_lpf bestfit. 21T |
total error band from all modcls I
I conmdcrcd : P
60 S _—
L .
_ < o
1 III

Diffraction: soft and hard

p (&)

M pp atrap. ypp

p (&)

understand
QCD nature

Forward particle production

[}
i
i
10 &
1 I A
f (| I:I.'.'.
3 ] . %
R A
& i
i . i
05 0 05 1577

Mario Deile —




Experimental Setup at IP5

[Ref.: JINST 3 (2008) S08007]
| - Inelastic Telescopes:
| o U charged particles in inelastic events:
i D ﬂ - multiplicities, rapidity gaps
O I T1:3.1<|n|<4.7, p;>100 MeV
o h ﬂ T2:5.3<|n|<6.5, pr>40 MeV
SRS mis - Inelastic Trigger

IP5  geee=" - s e =EE=— =
\ CASTOR (CMS)
* T2

Roman Pots: elastic & diffractive protons close to outgoing beams - Proton Trigger
Q1 Q2 Q3 o A D2 Q4 Q5 Q6
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Experimental Setup: T1

>

* telescope of 5 planes on each side of IP5

: ME/1,/4 - e 31 < |T'|| < 47
: YB3
| s * installed inside CMS end-caps in front of HF
| — — « Cathode Strip Chambers (CSC) with

= || i 3 read-out coordinates: A\

| ) anode wires (1 projection), Wi
. ionll cathode strips (2 projections) N\
HBA |
| SR
= j R Pt ©
IP5 2 -
B\n < ;ff
° e . f 7
), ! /r ¥
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Experimental Setup: T2 ]

I WE/1 /4

VB3

MB/ 1,3

Fi: A

ME /1,72

i Fi P

MB/ 1,71

CRYOSTAT

HBA

IP5

_» telescope of 10 planes on each side of IP5

*5.3<n|<6.5
e installed inside CMS shield between HF & Castor

» Gas Electron Multipliers (GEM):
radial segmentation: concentric strips
coarse radial & azimuthal segmentation: pads

~ \ casTor (cMs)
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Roman Pots

Roman Pot = movable box inside the beam pipe, housing silicon detectors.
Detectors can approach the beam centre to < 1mm when the beams are stable.
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Roman Pot Detector Packages

Detector housing

Hybrid board with silicon detector and
read-out chips

Stack of 10 silicon
strip detectors
(5 pairs back to back)

“edgeless” silicon sensor
(full efficiency at ~ 50 um
from cut edge)




Proton Transport and Reconstruction via Beam Optics

Oy

YE
P -}SNI B ___T__ I
I ’—_-

I I § = b@m axis

LHC magnet lattice = accelerator optics RP station

(X%, y): vertex position
(0,7, 0,7): emission angle:  t~—p*(0,"*+ 0, ?)
& = Ap/p: momentum loss (elastic case: ¢ = 0)

T v, L, 0 0 D, r*

O, ' L' 0 0 D e
Measured in RP Y = o 0 v, L, 0O y* Values at IP5 to be reconstructed

e, 0 0 w L, 0 e}

Ap/p JRP o 0 0 0 1 Ap/p Jips
— — _/
Product of all lattice element matrices
Xgp = L ® +vXx +D & L,, L,: effective lengths (sensitivity to scattering angle)
X X X X - - - - - - - -
V,, Vy: magnifications  (sensitivity to vertex position)
Yep = Ly@)y +V,y D,: dispersion (sensitivity to momentum loss); D, ~ 0

Reconstruction of proton kinematics = inversion of transport equation

Transport matrix elements depend on & =» non-linear problem (except in elastic case!)
Excellent optics understanding needed.
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Different LHC Optics

Hit maps of simulated diffractive events for 2 optics configurations
(labelled by p* = betatron function at the interaction point)
B*=0.55m (low p* = standard at LHC) B*=90m (special development for RP runs)
'530__ T / T T ..I, T 1,.__?\.\.- e _. ,gso, o
o= 4 = // : . ..: S amt nn N ,»\ - . e 56
i \\-__\;.\\-. . o o Low) e \..__\_\1 _:, 10° H
10f 1 10~
0 {5 1 0
-10{— -101— :_-: 3
20 -20 : : \/B O-I_I-O )
3034 R
X [mm]
L,=17m,L,=14m,D,=8cm L,=0,L,=260m,v,=0,D,=4cm
diffractive protons: mainly in horizontal RP

diffractive protons: mainly in vertical RP

elastic protons: in vertical RP near x ~ 0 elastic protons: in narrow band at x = 0,

sensitivity only for large scattering angles sensitivity for small vertical scattering angles

Angular beam divergence Min. reachable [t|
“~0.5-3. - Il . I 2 ~0.3-1 GeV?

B*~0.5-3.5m o - le,;  sma 0@}~ | ‘) arge . nZpe,m, e

B*=90m y By

large oo ~ 102 GeV?

Beam width @ vertex

small Vs
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LHC Optics and TOTEM Running Scenario

Acceptance for diffractive protons:

t ~ —p? ©* 2 four-momentum transfer squared; &= Ap/p: fractional momentum loss

B*=0.55m B*=90m B*=1000 m
T T T T T T x M T T T T T T T T T T 3 LI L B LD B 111 WAL I AL
I I G L e g i
10-1 e 0! 10-1
10_2 ;_ 10_2 g_ 10—2
1073 & 1073 = E 10-3
e T ST S frer 102 0 1074 - o 0
t| (Gev?) H|  (GeV?) 1 (Gevd)
1
>103¥ cm2s! « Loc—; ~10%" cm=2 57!
p
Diffraction: Diffraction: Elastic scattering: very low ||
§>~0.01 all & if |t| > ~10"2 GeV? Coulomb-Nuclear Interference
low cro_ss-sec_tlon ProCeSSeS Elastic scattering: low to mid [t| | | Total Cross-Section
(hard_ d'ﬁraCt'?n) Total Cross-Section
Elastic scattering: large [t|
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Beam-Based Roman Pot Alignment (Scraping)

Standard Procedure for LHC Collimators @
A primary collimator cuts a sharp The top RP approaches The last 10 um step produces a spike in a
edge into the beam, symmetrical to  the beam until it | Beam Loss Monitor downstream of the RP
the Centre touches the edge Bear:.:;:ata L AL T B B ) A iy M (3
I _> . ﬁw_» équiﬁ_ 2

3.00

B el T e S gy S et A el

!

10 um step

oshjons (mm]
t o ¢ t
=]
! N N N

Jaw p
=
=
=

T T T T T T T
14:12:00 1412:20 141240 14:13:00 14:13:20 14:13:40 14:14:00
time [hh:mm:ss]

When both top and bottom pots are touching the beam edge:
* they are at the same number of sigmas from the beam centre as the collimator

* the beam centre is exactly in the middle between top and bottom pot

-> Alignment of the RP windows relative to the beam (~ 20 um)
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Software Alignment

Track-Based Alignment

[y
package of 10 detectors v i

¢
\

Residual-based alignment technique:
shifts and rotations within a RP unit

Important: overlap between horizontal and vertical
detectors !

Alignment Exploiting Symmetries of Hit Profiles

Map of all track intercepts after elastic selection
T T T T I T T T T T — 10 T T T I T T T

E B ] E f*=35m
= 5 :— —: = 5 - Top Pot —:
B i C Flip i Fine vertical alignment:
o Cand shife about 20 pm precision
L ] s\ ]
B ] B Bottom ]
- - Pot -
_10 1 1 1 1 1 1 1 1 _10 1 I 1 1 1 | 1 1 1
-5 5 0 400 800 1200
x (mm)

-> Fine horizontal alignment: precision better than 10 um
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pp Elastic Scattering

[ TeV
3 TeV

RP T2 T1 CMS T1 T2 RP
]
[ ] B
P = = 9 J
-4V = = !
P DE@
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Elastic scattering — from ISR to Tevatron

1, i
3 = 10 —
T i | proton—proton ISR £ proton—-antiproton
0 20 3 2 H |
G10 g4 4 O 10
o A311235GeV e} 5
E o4 44 E 10”
Ve 5
© 1k o 10
- 105 . 444, o
ALEE ey, T, 27.43GeV 167
A\ e
o ik 305 GeV st , X
10T 45, iy th
Ry
¥ A _2
10" &, . L 44 64 GeV x10
CI e 152.8 GeV -
10 28 GeY x10
C —B n
167 I .E. | .6?9 IGe. LA X1,OT8| [ A X1U| | | 10 L L — — - - - - - R
~1.4 GeV?2 It] [GeV?] It| [GeV?] |t| ~ p2 a2

Diffractive minimum: analogous to Fraunhofer diffraction:

PROTON-PROTON ELASTIC SCATTERING

* exponential slope B at low |t| increases
e minimum or shoulder moves to lower |t| with increasing s
- interaction region grows (as also seen from o)

 depth of minimum changes
- shape of proton profile changes

DIFFRACTION
PATTERN

=

» depth of minimum differs between pp, p™p
- different mix of processes
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Elastic Scattering: Data Collection

Several data sets at different conditions to measure wide range and very low |t|

180, 7 TeV

(::I—...\ 103 T T | T | T T T T | T | | T | T T | T | T
T 102
S 10 B*=1km, 36, 8 TeV
= 1
g 10
~ B*=90m, 100, 7 TeV
-— 0
5 10
) *=90 m, 5o, 7 TeV
- 10—1 \ _E_
102 3= 90 m, 60 , 8 TeV
-3 L B*=35m, 7o, 7 TeV
1074 | L son
F B =11m, 5-13c, 2.76 TeV '
10—5 | | | | | | | | | | | | | | | | | | | | | | | | | |
0 0.5 1 1.5 2 2.5
E 3* RP approach Lint t range Elastic
(TeV) | (m) (ub~1) (GeV?) events
7 90 4.8-6.50 83 7-1073% - 0.5 1M
90 100 1.7 0.02 - 0.4 14k
3.5 To 0.07 0.36 - 3 66k
3.5 180 2.3 2-3.5 10k
8 90 6-90 60 0.01 -1 0.6M
1000 30 20 6-10=% - 0.2 0.4M
2.76 11 5-130 0.05-0.6 45k

[EPL 101 (2013) 21002]
[EPL 96 (2011) 21002]
[EPL 95 (2011) 41001]

>
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Sector 56

Sector 45

y [mm]

Elastic pp Scattering: Event Topology and Hit Maps

>

Two diagonals analysed independently

Sector 45 (220m)

Sector 56 (220m)
Far Mear

MNear Far
[ Tﬂpl_l Top
B M e - Horizontal [ [g BPM | ps .
- > = | : S = BLM
- B5PM 81 Horizontal i
Bottom L Bottom L

Hit Maps of a single diagonal (left-right coincidences)

B*=90m B*=90m
RP @ 10c
__ 30~ ’_|30
IS €
E T E 107
>2o:_ >20
105—- 103_ _
: - : 10
0 Aperture Iimitation,tmax 1 0
20— e N 20
B T (RN e R T T
X [mm] x [mm]
7 x10%° protons per bunch 1.5 x10%° protons per bunch 6 x10%° protons per bunch
Inelastic pile-up ~ 0.8 ev. / bx Inelastic pile-up ~ 0.005 ev. / bx Inelastic pile-up ~ 0.03 ev. / bx
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Elastic Tagging

Selection cuts:  number cut RMS
diagonal track reconstructed in all 4 diagonal RPs
*R *L . -
: 0; " =6, 9.2 prad } collinearity
2 0,8 — 0" 3.5 urad
3 "R | 200 yum
4 | L] 200 um
low
5 o yRN — (JRF RN 17 um ow [¢]
6 oy — (yBF — ybN) 17 um
7 xR L oum  common vertex for both protons

Example: elastic collinearity : Scattering angle on one side versus the opposite side

Collinearity iny Collinearity in x
x10° x10°
?0.15_ T U T fjl % 0.3_' T T Ii!
s g
w - N
© 04 . "3“ 0.2 1
® r ] '® i ]
0.05/- i 0.1 . °
10 - i~
o - or e " " R —
0.05 - I o1f % \
0.1 -0.2 \\. :
i i 1
1 0®
- _I 1 | 1 1 | 111 1 | 1 11 1 1 | 1 111 ><10-3 - _I Ll L Ll 1l | N T | Lol 1 | Ll L1 ) T | X1
015 01 005 0 005 01 o015 033 02 01 0 01 02 03
©, 45 [rad] 0, 45 [rad]

Width of correlation band in agreement with beam divergence (~ 2.4 urad)
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Elastic pp Scattering at 7 and 8 TeV: Differential Cross-Sections

Js=7TeV Js =8TeV

—~ 103 E —~ 103 E N IR A N
«, —— with p*=35m S ——— withp*=90m 7
v @ o 1
Y] 10% £ —— with f*=90m O I with * = 1000 m
’g 10! & —— statistical error 'g 10 ? \ —+— statistical error _§
- 0 - D systematic error - - L ﬂ systematic error
s 00F TS =
K C . L c 3
T 1071 F ~ o : ]
- ] 0L -
1072 E ol
3L ] - Py 1
107 ¢ 5 10-1 & fey i =
- _ = L 3
1074 E - (Ma b

10_5 = | | 10_2 I | I | I | I L
0 1 2 0 0.2 0.4 0.6 0.8 1
1t (GeV?) |t (GeV?)
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Model Comparisons

10Y

— F 1 T T T | T T T T T T T T
e - ) \E =17TeV Block et al.
1 - W
@ i [ Bourrely et al.
=~ - \
EREs Islam et al. (CGC)
- : i Jenkovszky et al.
Té;_ i Petrov et al. (3P)
< -2k TOTEM
1073 =
1074 S
10—5 1 1 ] | 1 1 1 | 1 1 1 ] | ] 1 1 | 1 1 ]
0 0.5 1 1.5 2 2.5
it (GeV?)

No theoretical / phenomenological model describes the TOTEM data completely.
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dog/dt  [mb/GeV?]

Some Lessons on Hadronic Elastic pp Scattering

H)S 21 T T ||||||!

——Pp

20|« pp ............................... ++_;

19| TOTEM-

extrapolation to t = 0

do, /dt = Ae "

;J_:YTeV mgé' - ] ‘

10 £

B (GeV 2

E 18

0 0.05 0.1 0.15 0.2 il .......... 1_}}:

© [tlgpp= 0.53 GeV

103 |—— EPL 95
— EPL 96
104 EPL 101

—— statistical uncertainties

SNLiE

11 1 IIIIIIII 1 IIIIIIII 1 L1111

systematic uncertainties : : : : : 3
10-5 [ = e i A T 101 102 102 104
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 24 V”s {GE“U\

1

proton-proton ISR

-

3

|' -
24} :

i

'3

(IS L
41423.5 GeV

3

At low |[t|: nearly exponential decrease:

W g,

Y B, =(19.89 % 0.27) GeV-2
st By, = (19.90 = 0.30) GeV-2

g
L

do/dt [mb / GeV?]

3

3,
&

- -.l"‘._. 4 + X
16" ' " t 44.64 GeV x10

15 & 452.8 GeV x107"

Old trends for increasing s are confirmed:
socatt , ottt » “shrinkage of the forward peak”: minimum moves to lower |t|

Wi s 0 1z . .
 forward exponential slope B increases
~1.4 GeV2 [t GeV2] P p
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Inelastic and Total pp Cross-Section Measurements
7 TeV
8 TeV

First measurements of the total proton-proton cross section at the LHC energy of \s = 7TeV
[EPL 96 (2011) 21002]

Measurement of proton-proton elastic scattering and total cross-section at Vs = 7 TeV
[EPL 101 (2013) 21002]

Measurement of proton-proton inelastic scattering cross-section at \'s = 7 TeV
[EPL 101 (2013) 21003]

Luminosity-independent measurements of total, elastic and inelastic cross-sections at Vs = 7 TeV
[EPL 101 (2013) 21004]

A luminosity-independent measurement of the proton-proton total cross-section at Vs = 8 TeV
[Phys. Rev. Lett. 111, 012001 (2013)]
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Total pp Cross-Section: Status before TOTEM

>

% > pp (PDG) —
= PDG <
_120| ° ppPDG) - -
& best COMPETE fits Q e
_ _ _ _ total COMPETE error | = e

90

60 segs E .
= [
< - i
. _} E |
0 [t e
B A B
20 | ~ | |
10! 102 10° 10%
Vs (GeV)
CircInNs ? In>s ? sl 2

[COMPETE: J. Cudell et al., PRL 89 (2002) 201801]
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3 Ways to the Total Cross-Section

>

' - : RFE
Optical Theorem: O [SFeI had (t = O)]2 - 7 | Pt hao (t - O)‘Z with p = =2
| +p7 SFoihad |,_g
, 16z do,|
Otot = 1+ 22 d ‘
+p° dt |
7 TeV elastic observables only:

, 16w 1 dN

Oy = —— — (p=0.14 [COMPETE extrapol.])
CT 1402 £ df

0

June 2011 (EPL96): o;,, = (98.3 ==2.8) mb

Oct. 2011 (EPL101): o, = (98.6 =2.2) mb
different beam intensities !

Utot

0 independent: / \ luminosity independent:

16 dNy/di|g
1+ é.?: Nel + Ninel

1 .
Utot = Z (i\"vl + i'\"im‘]) Utot =

= +
Tior = (99.1 % 4.3) mb Gy = (98.0 = 2.5) mb

Excellent agreement between cross-section measurements at 7 TeV using
- runs with different bunch intensities,
- different methods with different external inputs.
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Inelastic Cross-Section Measurement

7 TeV

T2 sees ~95 % of inelastic events (detection of 1 track is enough!)

Corrections to the T2 visible events

= Trigger Inefficiency: 2.320.7%
(measured from zero bias data with respect to track multiplicity)

= Track reconstruction efficiency: 1.0£05%
(based on MC tuned with data)

= Beam-gas background: 0.6+ 0.4%
(measured with non colliding bunch data)

= Pile-up (u =0.03): 1.5+ 0.4%
(contribution measured from zero bias data)

Cinelastic, T2 visible = 09.7 £ 0.1 (stat) £ 0.7 (syst) £ 2.8 (lumi) mb

Mario Deile —
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7 TeV

Missing inelastic cross-section

Corrected Inelastic Cross-Section

Ginelastic, T2 visible :> Ginelastic

Events visible in T1 but not in T2: ' 1.6 £ 04%
(estimated from zero bias data)

T2 T1 noT2
Fluctuation rapidity gap covering T2 : 0.35 + 0.15%
(estimated from T1 gap probability transferred to T2) \ H{%E\‘ H

T2 T1 noT2
Central Diffraction: T1 & T2 empty : 0.0£0.35%
(based on MC) ‘ Hm H

T2 T1 noT
Low Mass Diffraction : O My<34Gey=32%x16mb2>42X21%

(Several models studied, correction based on QGSJET-1I-3)

L

T2 T1 TL T2
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Low-Mass Diffraction

7 TeV o Ir ——=0.22 <
2 - £ -
g 0.9- 2 =
= 0.8 —0.18 Z
O I | .
S 07— —0.16
< “*'c undptectdd T0.14

0-6§ lowjmass\ .,/ | QGSJETHI-03 = i
0.5 corribution\e /| PYTHIAR | {012
0.4— — PHOIJET —:8-(1)8
= — dN/dM, W
03:_ lef —;006
02 \:0.04
0.1= } : —0.02
M, [GEV]

Correction based on QGSJET-II-3

Correction for the low mass diffractive cross-section: O \jy < 34 Gey = 3.2 = 1.6 mb

= 73.7 £ 0.1610 £ 1 76ysH & 2 90umi) mp

cinelastic
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Estimate of the Low-Mass Diffractive Cross-Section from the Data

7 TeV

Use the total cross-section determined from elastic observables, £ and p
(via the Optical Theorem)

, 16w 1 dN

1+ 1}3 L dt 0

Uto[‘ — 9 G inel -0 tot — O el =73.15+1.26 mb
and the measured inelastic cross-section for [n| < 6.5 (T1, T2)
Ginel, n| < 6.5 - 7053 + 293 mb

to obtain the low-mass diffractive cross-section (In| > 6.5 or M < 3.4 GeV):
Ginel, In| > 6.5 = G el — Ginel, In| <6.5 =2.62+2.17mb [MC: 3.2 mb]
<6.31mb (95% CL)
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[mb]

Ttot

Oinel  [mb]

[mb]

|

110
105
100

95

90
30

75
70
65

60
35

30
25
20
15

pp Cross-Section Measurements

7 TeV
g Ttot g
:_ _: T 1—_LO T T T TT | T T T T T LI T T T T 1T
= ER- s pp (PDG) 1
= +++ — 130 »  pp (PDG) new data available 7
E_ _E ’H'g 120 o Auger + Glauber at\s = 2'76 Tev | / ¥ —
= < ATLAS v 1
_ § 3 110 _ v —
E Tinel 3 Ht_:‘ ’ CMS +_/ _-,____ - 7 __
= +¢*+ ERE 100+ ALICE e |
3 1 = 9| e TOTEM (£ indep.) Ing s
- ER- . best COMPETE oy fits 7 I
- ] — 8 - —
= 3 e - ———-11.4—152Ins+0.1301n%s D ]
6_‘ ?O - - ]

3 1 % wf f ]
- 1 & I ]
= = \“:I 50 [~ —
g ] © iy o roveny -7
:— —: —_LO __‘__? i '\"_\r% IW? — & &= = _ - - |
o N N I T N N B 30:—-@-%* Pt N

T EEBREEE i et :

= L @ L. ] 20 T el L - |

SSEEEE S JUE _

3}% g" %mn m..-. I:qn IO;M‘?J* . _-\-,_ﬁ_u——F'—"_'__'_FF_FF’ B

g ] vl ol $—b-dov g — 9 ]

8 3 E E 9 '4 E 1 1 1 1 L1 11 | 1 1 1 1 L1 11 | 1 1 1 1 L1 11 | 1 1 1 1 L1011

& 4% L& = g O 10! 102 10° 104 105

= =Y - . GeV

¢ o : systematic uncertainty Vs [GeV]

S— — qUﬂIl[IH’ value " ) " )
TOTEM ’ el. r-dep el. norm inel p = full
Ciot ‘mb] 101.7 +1.8 +1.4 +£19 +02 = 429
8TeV s . [mb 741 +12 406 +09 +0.1 = +17
O ‘mb] 27.1 +0.5 0.7 £1.0 £0.1 = £1.4 Y p. 30




[t; A J

JEI;/G—L(}L

Elastic to Total Cross-Section Ratio

7 TeV 8 TeV

|\Iel
= — +
o, N,+N_ 0.257+0.005 0.266 + 0.006

Gel

independent of luminosity and p

3[} I I T TTTTIT

pp e o]

——Dp

26 |—e— TOTEMpp

20,/ 6, Increases with energy

2 proton grows / becomes “blacker”

]IZ—‘:l—:

L T

e
16 | |

10! 102 103 104
/5 [GeV]

A
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Interference between
Hadronic and Coulomb
Elastic pp Scattering

DY
i
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Elastic Scattering in the Coulomb-Nuclear Interference Region

Measure elastic scattering at [t| as low as 6 x 10~ GeV?2:

* B* = 1000 m optics: large effective lengths L, and L,, small beam divergence
* RP approach to 3 ¢ from the beam centre

f%‘ | A data fit at \/5 = 8 TeV
S 10° TOTEM data
"g [ Coulomb standalone
hadronic standalone
% I Coulom%d hadronic combined
RS i .

A//

Coulomb-hadronic mterfere% \

Y T TR NN TR TR T S R N 'O L1

0 0.005 0.01 0.9%5* 0.02
1 (GeV?)

do / dt oc |[F¢*N? = Coulomb + interference + hadronic
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Elastic Scattering in the Coulomb-Nuclear Interference Region

do / dt oc [F¢*H)?2 = Coulomb + interference + hadronic

>

Kundrat-Lokaji¢ek formula fdt R /Odt’ (FH(t,) 1) o)
C+H _ (G, pHujor — g VO P e
F =F"+F'e "
/ / Fi:” , " =t+t' +2Vtt/ cos ¢
— A :
FC = & r2(y » Modulus constrained by measurement: do/dt= A eBOM
t B(t) = by + b, t+ ... : described by n > 1 parameters

* Phase ®(t) = arg(F"): very little guidance by data

“central phase”:

® =" _atan P Ft)o -1r N
2 1-— =y -
td

“peripheral phase”:

d=p,+ p,4 exp{z{ln tl_tlﬂﬂ

constant

central

peripheral

"0 01 02 03 04 05 06 07 08 09
l#|

1

(GeV?)

RF " (0)

Only 1 free parameter: p, = o =

= cot d(0) =cot p,
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Preliminary Result for p

Put unknown elements of the functional form into the systematic uncertainty.

— RFH
€= %PH|0

0.1 f_ ....................... + ......................... + .......................... + ......................... + ....................... _f 0= 0.104 + 0.027(5tat) + 0.010(5)/5’[) ‘!‘88(]5% (model)

05 [ ]
Phase: |  central central periph. periph.

B(t): 2 par. 3par. 2 par. 3par.

~0.05 ' '

T oF , 16 1 (dN,\"™
: % Tt T A+ ) L\ dt ),

Eb‘e 104 :_ P e —]

) el

102 ;_ ......................... _; E Gtotalz 101l7 i 2.9 mb

101 ;_ ......................... _; Iuminosity independent
PRL111(2013)012001

98 -
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Synopsis of p Measurements

0_2 T T T T T T TT T T T T T TTT T T T T T TT
(L15 [ B B Gl i

>

01 Ed Jﬁ,’x .............................................................................. {_ p = 0.104 +0.027Y 4 0,010(syst) +0.012 (model)
0105 B . 0 A _:
D ...................................................................................................................... —
_[}105 B N __
' —u— pp (PDG)
0.1 MR I S pp [PDG)
— — — — COMPETE preferred-model pp fit
_015 g1 —_— TOTEM iﬂdirect at v@ZTTE‘V
: —— TOTEM direct at /s = 8 TeV
_012 | | 1 1 1 11
10 102 10° 10*

/5 (GeV)

Indirect crude measurement at 7 TeV:
From optical theorem: dN,,
dt | _,
" Ny + N )

p* =167 L —1 = 0.009+£0.056 ->|p|=0.145+0.091
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Ongoing Analyses of Diffractive Processes:
Standalone and Common Runs with CMS

- A Selection -

Single Diffraction (SD), =~ 10mb

T e e,
- -.:- ..'
I | i I o I
—-10 =5 0 5 10
]

Double Diffraction (DD), =~ 5mb

- Measure topologies and o (M, t)

«‘g @ ;I ' '-"' 1|'a|[:>ildlitlylglﬁl.;| T Tg el ;‘
. @ » »
'I.‘| I.I.I 1 | 1 11 1 | 111 I‘l 1 ) |
—10 -5 0 5 10
ul
Central Diffraction (CD), = 1mb o
di-jet
T T T TT T T TT T T T T T T T T T T T T 17T T Ii T L T
g ] @ lal rap. g:lp .I ‘u ”lp. wap | Plel rap. gaIp .l . m|p_ a |
-'ﬂ—."‘ . . - - "‘—.’. , -
| | 1 111 | 1 111 | 1111 | 111 1 |f | | I | 1 11 1 | 1 111 | 1 111 |T
—10 -5 0 5 10 —-10 -5 0 5 10
7 7
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Soft Single Diffraction (SD)

B I B AL AR 1 proton breaks u
Ple dit .
rapidity gap . . .
- e - diffractive mass M
oo o e «1 proton survives with momentum loss &

7 rapidity gap An between protonand M

RP T2 CMS T2 RP
sy
L Trigger on T2, require 1 proton
A ==
v

2 ways for measuring &: resolution at *=90m:
1. viathe proton trajectory (RP): |X., = LX®’; +vxx* +<DX(§ 8¢ ~0.004 - 0.01
(dependenton t, &)

2. viathe rapidity gap (T1, T2)

Note: N2 = 6.5 <& My, =3.4 GeV 08 ~ &
: : : d’°c
Full differential cross-section:
dédt
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SD Topologies for Different Mass Ranges

An=—In

M= 2x107<E<1x10° proton & opposite T2
34 — 7 Gev T2 TI1 T1 T2
I _gt mb:. e 1, .0
— 1] __-—-—-—D e E‘ I]I.l U[I
)
M = 1x10%<E<25x%x1073 proton & opposite T1 + T2
7 — 350 GeV T2 T IS TI T2
M Db %\-tj un n
—y 1] = — d I][I I]
[
M= 25x 103 <E<25x 1072 | proton & opposite T2 (+ T1) & same side T1
0.35-1.1 TeV mn s nom
I, .n" cr%:u dn}: I, I
-1 ?/P:Qw] 1 1
M>1.1TeV £>25x107? proton & opposite T2 (+ T1) & same side T2 (+ T1)

T2 TI1 T1 T2

RPs

] Cs

*—Ei—'_g—ﬂf‘l—.{— Ea| 0

-

RPs

)
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SD for Different Mass

Ranges (7 TeV Data)

M=
3.4-7GeV

2x107<E<1x10°

Differential cross section (mb/GeVA2}

oo L L L

T~
(L \
Vo
> P

Entries 0661
XF £ndf 2709133
1 ff pyy  LEaEE
l, do/dt~A-e
12
10

p—

[*:]
I\Ill\Ill\Ill\lll\lll\lllllll\l
y
w
(%))
O
1
{ =
[ S
|—\
)
)
<
N

o
e
=}
0]
o
-

0.25 0.3
[t] (GeVrz)

M=
7 —350 GeV

1x10°<E<25x1073

Entriez

N
L)

N
(=]

Differential cross section (mb/GeVA2}
® o B o @
|\II‘IH|\II‘HI TTT]TT

N B O

o

5)
o
=)
o
o
-t

0.25 0.3
|t] (GeV M2}

M=
0.35-1.1TeV

25x 1073 <E<25x%x1072

Entries

2]
‘ T

Differential cross section (mb/GeV~2)
]

= |
T[T [T T T[T T TTIT [ TITT TTIT 77T
L D)

Y=

(=]

M>1.1TeV

£>2.5x 107

in progress

Work in progress !
Some corrections
still missing !

estimated uncertainty:
dB/B ~15 %
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SD Cross-Section Measurements

very preliminary TOTEM result: | ogp=6.5£ 1.3 mb (3.4 < My < 1100 GeV)
(sum of cross-sections for proton on either side, extrapolated to t=0 and integrated)
Estimate on M < 3.4 GeV from G, — G| — Ginelvisible ~ 2.6 £2.2mb, or MC: 3.2 mb

—~ 25

'g - ® ALICE (M, <200 GeV/c?) + TomM(3.4<Mlxcmoo GeV)
= ol © ALICE (extrapolated to M5 <0.05S5) L cwms (12.<Mx<394 Gev)
o [ 4 ISR (M;<0.05s)
- v UA5 (M;<0.05s)
15— 4 UA4 (M<0.05s) i
- 0 E710 (2 GeV¥/c*<M3<0.055) | . o
- A S
10— L L — ==
: _'é: ﬁé_éé —— pegTEE ' | +
5_ A + * ---- Gotsman et al.
— Gouli i
P erren 8 TeV TOTEM analysis
B Ostapchenko
0 L Col.'lrte$y NIICIaJ‘tigllia | 1 1 1 L1 11 Ryékln et all | i1 1 1 | haS Started.
10° 10° 10*

TOTEM measures: p + rap gap + diffractive system, ' (GeV)

ALICE & CMS: "rap gap + diffractive system”

NB: Very different mass ranges > results not directly comparable
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Soft Double Diffraction

- I T I'I T 1T T T T I
¢ .'l ., rlapidii'y |gnp e . *Both protons break up
Fo | | .ﬂ |". - 2 diffractive masses M;, M,
| I-I.I | I | L 11 | -
10 -5 0 5 10 «Central rapidity gap
_4nhmn2 |nhmml W
d° o d° o

Ultimate goal: 2-dim. cross-section r
g d hﬂl d hﬂz dLannJ(jkﬂnﬂmz

T2 TI1 T1 T2

RPs RPs

Difficulties:

* no leading protons to tag
o for large masses (= small central gap) not easy to separate from non-diffractive events

First step: sub-range with particles triggering both T2 hemispheres, veto on T1:
4.7 < |&|in12<6.5 or 3.4 GeV <M, <8 GeV
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Double Diffraction: Results at 7 TeV

Partial 2-dim. cross-section in 2 X 2 bins:

4. 75Ngi7-3.9 | -5.95M,3-6.5 sum:
4.7<M,,:, 7.9 | 65+20 ub 26+5 ub
NininT H H O (a7 <65) = 11625 pb
5.9<Mpin16.5 | 2745 pub 1245 pb

[CERN-PH-EP-2013-170] NEW!
Leading systematics:

 missing DD events with unseen particles at n < i,
* backgrounds from non-diffractive, single diffractive, central diffractive events

So far, only a small part of DD measured: 116 pb out of ~5 mb, but:

benchmark for Monte Carlos:

Pythia 8: o =159 pb

DD(4.7<[13]<6.5)

Phojet: O pD(4.7dn,.1<6.5) = 101 pb

Improvement expected with 8 TeV data: also CMS detector information available
(joint run).
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Central Diffraction (“Double Pomeron Exchange”)

>

v @[T T Trrrrrrm T ehoth protons survive with momentum
rap. gﬂp ™ - l‘ﬂp. gap
-, % «—» | lossesg, &,
g . . .
v b b s b 1Y odiffractive mass M in the centre

~10 -5 0 5 10 2 rapidity gaps Ang, An,
7

T2 T1 CMS T1 T2

T -

‘—ﬂ—\ﬂ\m'_/_/ﬂng—
[ [ ' [ [

AT

A771,2 =—1In 951,2’ M? =6, S

|

Joint data taking CMS + TOTEM:
kinematic redundancy between protons and central diffractive system

Mcms = Mrorem(PP) ?
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Central Diffraction (“Double Pomeron Exchange”)

>

Soft DPE: study differential cross-section with correlations: d° o
(in progress: do/dM, do dt;) d& d¢&, dt dt,dAD

Single arm CD event rate (integrated &, acceptance corrected)

G S |
w
£ —data a
& 10° e —mMc  fit with do/dt oc B!
- B=-7.8£1.4 GeV™ | —
i i Estimate on the integral:
. TOn H Gep ~ 1 mb
DC
10° :
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16

1
-1, [GeV?]
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Central Production of Particles or Di-Jets

Exclusive Particle Production:

P (&1)
M, 2=
Q X at rapidity y X =558
Yx :%M?
p2 (&2) :

exchange of colour singlets with vacuum quantum numbers
— Selection rules for system X: JF¢ = 0** (mainly) =» X = %0, %p0. H, glueballs?

(Exclusive) Dijet Production:

jet with Et 1 and 7

proton with &,

protonwith§ «——_ = P = —) -

jet with E1- and
J T2 12 _ 1 Y Ep; e

Joint analysis of special run at 8 TeV, B* = 90 m together with CMS in progress
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Forward Particle Production:

Charged Particle Multiplicity
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EM>71 Charged Particle Pseudorapidity Density dN / dn

dN./dn : mean number of charged particles per event and per unit of pseudorapidity:
primary particles only, i.e. lifetime > 30 ps (convention among LHC experiments)

—> probes hadronisation = constrains theoretical models

—> input for cosmic ray simulations

7TeV 8 TeVv
TOTEM standalone (T2) CMS + TOTEM (T2)
: 7 — -_ CM? &ITOITE'I.| P|re|ilrﬂirllar¥ T T T T T T T T | II"“‘;lllJSil“le ?p' |i§\= 8 ITBVI T T T
% u ePythia 8.108 (Default-Tune) Pythia 6.42 D6T EE . —— Pythiab Z2*
= 6 Sherpa 1.3.0 (Default-Tune) ~Pholet 1.12 T — Pythia 4C
c O Herwig++ EE3C
5 6 P EPOS LHC
= ’ lllll gy wrmmins QGSJetll-04
aFEreomin e
S5+
[ Corrections & correlated

i AN
W

N
3_ 4 :_ systematics between CMS &
- : TOTEM under study
2— -
~ »TOTEM Data 3F— —e— CMS (p,>100 MeV)
1 ~ —m— TOTEM (p >40 MeV)
E | | | | [EPL‘98 (20‘12) 31|002] 2 — Ny (p,>40MeV)21in53<n<6.50r65<n<-53
D | | | 5.2 | | I5.4 | | | 5.6 | | | 5.8 | | | 6 | | | 6.2 | | | 6.4 | | | 6.6 -'_ II I : | : : : : | : II ‘I II | II ‘I II ‘I | II II : I‘ | I‘ I I I
Track | g 12 f_ ! ' ! ' '
@ —
© E o e———
o eI
08" "
. | | ! L] | |
0 1 2 3 4 5 6

gE‘II|III|III|II“II|IIII|IIII|IIII|IIII|IIII|II‘
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CMS dN / dn for Different Event Classes

“Non-Single diffractive enhanced”: primary tracks in both T2 hemispheres
“Single diffractive enhanced”: primary tracks in only one T2 hemispheres

NSD-enhanced SD-enhanced
_ (l'.‘MS & TOTEM P‘reliminary NSD-e?hancad pp, 1§|= 8 TeV 4
:. r T T T T T T T T T T T T T T T T ] T T *I T T T T T T T T L .
T L —— Pythiab 22 _ C At least 1 charged particle
~ 7 Buthi
e yiesae m n with p>40 MeV in only one
E [ ¢ ¢~ o Herwig++ EE3C 1 35 “Epos (LHC-Tune) e
N EPOS LHC 7 - T2 hemisphere
Ce me QGSJetlH4 7 S Pythia 8.108 (4C-Tune)
5 Corrections & correlated . - — #TOTEM Data (8 TeV)
n systematics between CMS “n 1 .5l
41— & TOTEM under study ] C
- 1 =
3 —e— CMS (p >100 MeV) - L
~ —m— TOTEM (p >40 MeV) . r
2; Nas (p, > 40 MeV) 21in 5.3 <1 < 6.5 and -6.5< 1< -5.3 | 15
= ‘ ' ' ' I N
g 1 2J:_ I T T T T -_'\-'\.L.._. _: 1__
s = T C
© o EEe——— = — L
m] 1= T 05 —
08" = C
T, \ l | L | | - D_I L L L L [ L
0 1 2 3 4 5 & 5.4 5.6 5.8 6 6.2 6.4
il

Updated analysis with a common p; = 0 threshold ongoing in both CMS & TOTEM !
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Outlook:

The TOTEM Consolidation and Upgrade Programme
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Consolidation and Upgrade

In 2012: successful data taking together with CMS in special runs
—> first studies of central production, diffractive dijets, other hard diffractive processes

Problems: limited statistics, pileup

—>upgrade RP system for operation at higher luminosities
—>resolve event pileup: timing measurement, multi-track resolution

l YRp

"”its.. existing RP220

A A

New collimator
to protect Q6

A

Allow insertion of pots
at high beam intensity

2 new horizontal pots

\ 4

timing detectors

Long lever arm (~15m) improves angular resolution

1 unit tilted 8° around beam axis to allow multitrack event
reconstruction (beam halo pileup, background)

Later: pixel detectors

_—— RP147 relocated at 203-213m

*

A
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Backup
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o
o
o
o
o

o
o

Optics defined by the magnetic lattice elements T; between IP5 and RP:

Optics Corrections from Data

" V, L, re, re,
N dv, | dL, e re
@ 1 23 24
=T | ! with T=T[T(k )+AT,]=[td]  dS
y |];_M[[ |( |) I] re31 r‘e32 Ly
N dv, dL
RP Oy ) ps re, re, d_sy d_sy

Magnet currents are continuously measured, but tolerances and imperfections lead to AT,

Beam momentum offset (Ap/p = 10-3)

Magnet transfer function error, 1-B, (AB/B = 10-3)

Magnet rotations and displacements (Ay < 1mrad, AXx, Ay < 0.5mm, WISE database)
Power converter errors, k—1, (Al/l <104)

Magnet harmonics (AB/B = O(104) @ R,s= 17mm, WISE database)

The elements of T are correlated and cannot take arbitrary values
The TOTEM RP measurements provide additional constraints:

single-beam constraints (position-angle correlations, x-y coupling)
two-beam constraints via elastic scattering (@4 vs. ©* ;)

—> Matching by a fit with 26 parameters (magnet strengths, rotations, beam energy) and 36 constraints.
— Error propagation to relevant optical functions L, (1%) and dL,/ds (0.7%) =d&t/t~0.8-2.6%

H. Niewiadomski: “Roman Pots for beam diagnostics”, Optics Measurements, Corrections and Modelling for High-Performance
Storage Rings workshop (OMCM) CERN, 20-23.06.2011.

H. Niewiadomski, F. Nemes: “LHC Optics Determination with Proton Tracks Measured in the Roman Pots Detectors of the

TOTEM Experiment”, IPAC'12, Louisiana, USA, 20-25.05.2012; arXiv:1206.3058 [physics.acc-ph]
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Performance of Optics Corrections

* Generate 1000 perturbed machines with imperfections AT; within tolerances
—> detérmine deviations in optical functions from their design values

 Generate physics events, track the protons through the imperfect machines
—> simulated RP measurements

* Perform the optics reconstruction fit using the constraints from the simulated RP measurements
—> conjpare reconstructed and true (perturbed) optical functions

N
n
o

w
@
Q
S 200
W
E 480K : Mean 0.39%
= RMS 42%
5 160~ : .
§ Perturbed optics-
140}
reconstructed
120} Mean 0.083 %
N RMS 0.16 %
100
80}
601
201

Y [%]
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Background
subtraction

Acceptance
correction

(prad)

*
¥

¥

Analysis Overview |

10%

10°

102

T |||||I'I'l

-3c

| RN

+30

1 IlIIlIl[

11 Il]IIII

data
signal fit
background fit
signal+bckg. fit

>

Use strongest cut (common vertex
for both protons):

Interpolation of background
population from outside 3o into
the signal region.

10—1 !
—6 -2 0 2 4 6
I*R _xaL
V2 o(x¥)
2’00 . T T T % 150 . T T T T T T T T T T
BT =90m 2 BT =90m 8 A
-7 - ] = = aperture ]
100 B 120 [~ § limitation, N
Lj‘" B 1“'.:1’_ 'tsq\- {*qc T
90 |- £ | F & _
- 53& ]
0 - N
L _ S ) 4 60 - E correction for |
\-. LL9=50 oy | = missing  hits |
—100 |~ A k&*—]:](} e - ok 7 ___incorners
- t;*._ {50 - c: . - i detector edge (left arm) ]
= pra : 4
_2{]0 1 | 1 I L I 1 D 1 1 I 1 1 I 1 1 I 1 1 I 1 1
—200 —100 0 100 200 0 30 60 90 RIZ{]' 150
% (urad) 8y (urad)
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Analysis Overview Il

Unfolding of resolution effects

unfolding correction (%)

| B'=90m
0(®@")=1.7urad
Ll

0 0.2 0.4 | 0.6 | 0.8 | 1
|t (GeV?)
Efficiency (= normalisation)

Trigger Efficiency (from zero-bias data stream)
DAQ Efficiency
Reconstruction Efficiency

— intrinsic detector inefficiency: 1.5-3 %/ pot

— elastic proton lost due to interaction: 1.5% / pot

— event lost due to overlap with beam halo,
depends on RP position

- advantage from 3 data sets, 2 diagonals 4-8%

> 99.8% (68% CL)
(98.142 + 0.001) %
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Absolute Luminosity Calibration

- (1 + PQ) (Net + ‘\_E'FEEI’:IQ
167 (d —\Tez f’ It )t=0

7 TeV

June 2011: £, = (1.65+0.07) ub™! [CMS: (1.65+ 0.07) ub™1]
October 2011: £, = (83.7 £ 3.2) ub™! [CMS: (82.0 + 3.3) ub~1]

Int

Excellent agreement with CMS luminosity measurement.

Absolute luminosity calibration for T2
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Beam Cleaning with Primary Collimators (TCPs)

1. Scrape the beam with
TCPat2 o

©

lo
contour lines

2. Retract TCP from 2 ¢ 3. Gap refills within ~ 1h
to25c>gapof0.5c

TCP
RP at 3 o is protected Scatter products from
by the gap TCP edge hit the RP
Roman Pot Roman Pot
=
1o 1

(©@))

&)
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Rate [Hz]

Rate [Hz]

Data Taking Periods as Seen by T2 and Roman Pots

. >

50 |
00 . | T2 Trigger
! | (sees 70 mb inelastic
150 - | [ cross-section)
i - £ | = luminosity candle
100 - -
50 - ' -
0 _ | | | | | - | ;
22 231 O 1 2 3 9
e [h]
= |F | ﬂ | 'r | l 7 Roman Pot
1031 1 | ! ; | Double Arm Trigger
- : 1 (Sector 45 AND Sector 56)
102, i i .
: — . [ | |~ * © % ] i :
= N ot - |o 1ol © | Total: 6.75h in 6 periods
10 = =< o = =y o E§2 3 . urmi.: 27 ubL
S = = = =1 cEd 5 3 int lumi.: 27 pb
: :,% Pl 5 P2 é P3 -(% aF |@ 1 400K elastic events
1 | I | |
22 23 0 1 2 3 4 8 9
Time [h]
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Hard Diffraction with CMS in 2012

July 2012: B*=90 m, \s = 8 TeV:
mixed trigger:
CMS [dijet(20GeV) .or. di-muon .or. zero-bias] .or. TOTEM [T2 .or. RP double-arm]

Study dijets in central diffraction:

jet with Et 1 and 7

P—~—0u__t, P —
— — roton wi
N . . p 1
A P e e P —
W= M,, atrap.
P}}, A'I'l
p_— L T——_p (&) jet with E1, and 7, 1 .
5 G2 = x ZET,: e
= i
M?=¢, &, s

Compare §;, &, from RPs and from CMS :
kinematics of final state over-constrained

Analysis in progress
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dN/dn

IH|IIH‘HII
=]

Charged Particle Pseudorapidity Density dN / dn

1| By 1.0
Wﬁﬂmmwmﬁm \

<—>#T2

[T1]
ALICE Data. Inelastic, Nch > 0 in |n|<1
+ ATLAS Data. Inelastic, Nch >= 2in ||< 2.5, P> 0.1 GeVic

CMS Data (NSD)
& TOTEM-T2 Data. Inelastic, Nch > 0 in 5.3<]1|<6.5, P, > 40 MeVic

-+ LHCb Data, Nch > 0 in 2.0<n<4.5

oPythia 8.108 (Default-Tune) Pythia 6.42 D6T
¢Sherpa 1.3.0 (Default-Tune) =Pholet 1.12

dN/dn

[EPL 98 (2012) 31002]

1 1 1 1 1 1 1 1 1 1 1 ‘ 1 1 1 ‘ 1 1 1 | 1 1 1
5.2 5.4 5.6 5.8 6 6.2

6.4 6.6
Track | o

N
o
N
F-Y
=]

Analyses in progress:
e T1 measurementat7 TeV (3.1 <|n|<4.7)

« Parasitical collision at 3* =90 m (7 July 2012) 6<n<7.3 R 3.8<n<4.8
—> vertex at ~11m -> shifted n acceptance: ]
_.’_

11m
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dN./dn in T2: Analysis Highlights

Data sample:
events at low luminosity and low pile-up, triggered with T2 (5.3 <|n| < 6.5)

Selection:
at least one track reconstructed in T2

" Global fit y2/ndf = 253/222
- 535<n<5.4

-
(=]
]

Primary particle definition:
charged particle with t > 0.3x101%s, p; > 40 MeV/c

Number of tracks

-
(=]
Y
T

. . . secondary
Primary particle selection:

-primary/secondary discrimination, data-driven 101 '
based on reconstructed track parameters (Z;,pact)

primary,
Primary track reconstruction efficiency: AL R T R I N
- evaluated as a function of the track » and multiplicity

- efficiency of 80%

- fraction of primary tracks within the cuts of 75% — 90% (7 dependent)

Un-folding of (7) resolution effects:
MC driven bin ““migration” corrections

Systematic uncertainties (< 10%):
dominated by primary track efficiency and global alignment correction uncertainty
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Joint Data Taking with CMS

Realisation of common running much earlier than ever anticipated

1. Hardware: fast electrical trigger cable from RP220 to CMS
—> trigger within CMS latency

2. Trigger Logic: bi-directional level-1 exchange - same events taken
3. Synchronisation: orbit number and bunch number in data streams

4. Offline:
- common repository for independently reconstructed data

- merging procedure - common n-tuples
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Consolidation and Upgrade

In 2012: successful data taking together with CMS in special runs
—> first studies of central production, diffractive dijets, other hard diffractive processes

Problems: limited statistics, pileup
—>upgrade RP system for operation at higher luminosities
—>resolve event pileup: timing measurement, multi-track resolution

4 RP units : 220m 215m 214m 203 m
T T T T 1 1 1 1 1
! 2758 S ™ !I! prare] __i3 n o L5348 J] T o |l _i 27126 TR
timipg? timing1 t!'a:;sﬁm;;r? tracking? d d frackingl 4 2 m
- rh = & &3 ':l |:J
'-ZZ;-.,__‘%_J; PP I L il Lo BRL 1 ﬁ_| =i . ORL = Joo
\4 v v
New collimator 2 new horizontal pots RP147 relocated at 203-213m
to protect Q6
\4
il Long lever arm (~15m) improves angular resolution
At”ﬁ_wf']”ge”'o’_‘ (t)f po_l;s timing detectors 1 unit tilted around beam axis to improve multitrack event
atnigh beam intensity reconstruction (beam halo pileup, background)

Later: pixel detectors
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Classes of pp Events
CD

Non-Diffractive process (ND) ~60mb @ Vs=7 -8 TeV Elastic Scattering (ES), = 25mb
||||||||.'-||||I-FI|IIII|I IIII||||||||||||||
v - ‘¢ v een ¢ ! | rapldllty gap | |
iy - -
n’ ..’ .
||||||||||||||‘|q|||||| clvvv v by v brv v by
—10 -5 0 5 10n:—lntang —-10 -5 0 5 10
2 vl
Non-diffractive Diffractive Single Diffraction (SD), =~ 10mb
Colour exchange Colourless exchange with vacuum AP RRRRARP AR AR R
quantum numbers rapidity gap * .
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