
Total	
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TOTEM	
  detectors	
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CMS	
  detectors	
  (in	
  grey)	
  

TOTEM	
  T1	
  and	
  T2	
  (in	
  red)	
  

Silicon	
  detectors	
  in	
  Roman	
  Pots	
  to	
  tag	
  elas+c	
  and	
  diffrac+ve	
  protons	
  

T1	
  and	
  T2	
  gas	
  detectors	
  to	
  measure	
  
par+cles	
  from	
  inelas+c	
  collisions	
  

All	
  detectors	
  symmetric	
  w.r.t.	
  IP,	
  with	
  trigger	
  capability	
  

3	
  

T1: 3.1 < η < 4.7  ;  T2: 5.3 < η < 6.5 



TOTEM	
  Roman	
  Pot	
  detectors	
  

•  a	
  RP	
  is	
  a	
  movable	
  beam-­‐pipe	
  inser+on	
  
device	
  equipped	
  with	
  par+cle	
  
detectors	
  
–  contains	
  5x2	
  back-­‐to-­‐back	
  silicon	
  strip	
  
detectors	
  

–  retracted	
  when	
  beam	
  unstable	
  or	
  
unsuitable	
  (or	
  not	
  in	
  use)	
  

–  close	
  to	
  beam	
  for	
  data	
  taking	
  
•  each	
  “sta+on”	
  =	
  near+far	
  units,	
  3	
  RPs	
  
per	
  unit	
  
–  top+bo<om+horizontal	
  in	
  each	
  unit	
  

•  edge-­‐less	
  silicon	
  sensors	
  
–  insensi+ve	
  edge	
  reduced	
  to	
  50μm	
  
–  66μm	
  pitch	
  at	
  45°	
  w.r.t.	
  edge	
  
	
  

18/08/14	
   ISVHECRI	
  2014	
  -­‐	
  E.	
  Radicioni,	
  INFN	
   4	
  



Elas+c	
  sca<ering	
  with	
  ATLAS-­‐ALFA	
  

CERN	
  seminar	
  22.07.2014	
   Hasko	
  Stenzel	
   5	
  

In	
  October	
  2011	
  ALFA	
  had	
  the	
  special	
  run	
  191373	
  with	
  	
  
β*=90m	
  and	
  recorded	
  	
  800k	
  good	
  selected	
  elas+c	
  events	
  
used	
  for	
  the	
  analysis	
  of	
  the	
  total	
  cross	
  sec+on	
  and	
  the	
  
nuclear	
  slope	
  B.	
  

Roman	
  Pot	
  detectors	
  at	
  240m	
  from	
  IP1	
  approaching	
  the	
  
beam	
  during	
  special	
  runs	
  at	
  high	
  β*.	
  	
  



The	
  ALFA	
  detector	
  in	
  a	
  nutshell	
  

CERN	
  seminar	
  22.07.2014	
   Hasko	
  Stenzel	
   6	
  

Special	
  overlap	
  detectors	
  
to	
  measure	
  the	
  distance	
  
between	
  upper	
  and	
  lower	
  
detectors	
  à	
  alignment	
  

ALFA	
  is	
  a	
  scin+lla+ng	
  fibre	
  
tracker,	
  10	
  double-­‐sided	
  
modules	
  with	
  64	
  fibres	
  in	
  uv-­‐
geometry.	
  Resolu+on	
  ~30µm.	
  	
  

u	
  fibres	
  
v	
  fibres	
  



rela+on	
  between	
  elas+c,	
  inelas+c,	
  total	
  

Nel	
  from	
  RP;	
  Ninel	
  from	
  inel	
  detectors;	
  Lumi	
  from	
  ATL	
  or	
  CMS;	
  ρ	
  from	
  data	
  or	
  COMPETE	
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measurement	
  principle	
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RP IP5 

from	
  selec*on	
  of	
  topology	
  ...	
  

...	
  to	
  understanding	
  of	
  transport	
  proper*es	
  ...	
  

...	
  to	
  extrac*on	
  of	
  kinema*cal	
  variables	
  
x(RP)	
  =	
  (effec*ve	
  length	
  Lx)	
  ·∙	
  (scaAering	
  angle	
  ϑ*

x)	
  +	
  (magnifica*on	
  vx)	
  ·∙	
  (vertex	
  x*)	
  
+	
  (dispersion	
  Dx)	
  ·∙	
  (rel.	
  momentum	
  loss	
  dp/p)	
  
	
  



op+cs	
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Op*cs	
  carefully	
  op*mized	
  for	
  special	
  runs:	
  hi	
  β*,	
  low	
  luminosity	
  

Op+cs	
  understanding	
  is	
  essen+al	
  
ßà	
  measurements	
  improve	
  
knowledge	
  of	
  op+cs	
  

TIP5→RP220 = Ti ki( )+ΔTi#$ %&
i=M

1

∏

Imperfec+ons	
  ΔTi	
  
•  Beam	
  momentum	
  offset	
  (Δp/p	
  =	
  10-­‐3)	
  
•  Magnet	
  transfer	
  func+on	
  error,	
  I→B,	
  (ΔB/B	
  =	
  10-­‐3)	
  
•  Magnet	
  rota+ons	
  and	
  displacements	
  (Δψ	
  <	
  1mrad,	
  Δx,	
  Δy	
  <	
  0.5mm)	
  
•  Power	
  converter	
  errors,	
  k→I,	
  (ΔI/I	
  <	
  10-­‐4)	
  
•  Magnet	
  harmonics	
  (ΔB/B	
  =	
  O(10-­‐4))	
  

Elas*c	
  scaAering	
  kinema*cs	
  helps	
  in	
  constraining	
  several	
  parameters	
  

Op+cs	
  is	
  a	
  product	
  of	
  lance	
  elements	
  Ti	
  and	
  imperfec+ons	
  ΔTi:	
  



elas+c	
  sca<ering	
  selec+on	
  and	
  analysis	
  -­‐	
  I	
  
•  Alignment	
  –	
  I	
  

•  beam	
  scraping	
  (collimator-­‐like	
  alignment)	
  
•  First	
  selec+on:	
  two	
  diagonals,	
  symmetric	
  w.r.t.	
  IP	
  
•  Alignment	
  -­‐	
  II	
  

–  residuals-­‐based	
  (rela+ve	
  between	
  RPs)	
  +	
  absolute	
  
by	
  exploi+ng	
  the	
  elas+c	
  sca<ering	
  topology	
  

•  Reconstruc+on	
  of	
  kinema+cs	
  
–  by	
  using	
  beam	
  transport	
  formulae	
  
–  à	
  minimize	
  systema+cs	
  by	
  refining	
  knowledge	
  of	
  

op+cs	
  by	
  using	
  actual	
  data	
  
•  Tagging	
  

–  Vertex	
  and	
  angles	
  iden+cal	
  leq/righ	
  (n.b.	
  tolerance	
  
set	
  by	
  beam	
  divergence	
  à	
  higher	
  β*	
  means	
  cleaner	
  
sample)	
  

–  proton	
  dp/p	
  ≈	
  0	
  
•  Bkg	
  subtrac+on	
  (typically	
  needed	
  for	
  low-­‐β*	
  

op+cs)	
  
•  Acceptance	
  correc+ons	
  

–  finite	
  RP	
  detector	
  acceptance	
  &	
  finite	
  LHC	
  aperture	
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elas+c	
  sca<ering	
  selec+on	
  and	
  analysis	
  -­‐	
  II	
  
•  Resolu+on	
  studies	
  

–  angular	
  resolu+on:	
  comparison	
  leq-­‐right	
  
–  unfolding	
  with	
  Monte	
  Carlo	
  calcula+on	
  	
  

•  Correct	
  for	
  inefficiencies	
  
–  uncorrelated	
  (per	
  single	
  pot)	
  
–  correlated	
  (due	
  to	
  showers	
  within	
  a	
  group	
  of	
  RPs)	
  
–  pile-­‐up	
  (elas+c	
  event	
  +	
  addi+onal	
  tracks)	
  

•  Inject	
  luminosity	
  info	
  
–  from	
  ATLAS	
  or	
  CMS	
  
–  calculated	
  from	
  data	
  

•  Final	
  dσ/dt,	
  systema+c	
  uncertain+es	
  and	
  Nel	
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elas+c	
  sca<ering	
  results	
  :	
  √s	
  =	
  7	
  TeV	
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ATLAS-­‐ALPHA	
  
β*=90m	
  

TOTEM	
  
β*=3.5m	
  &	
  90m	
  



available	
  data	
  from	
  TOTEM	
  @	
  7-­‐8	
  TeV	
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inelas+c	
  cross-­‐sec+on	
  

•  Raw	
  rate:	
  event	
  coun+ng	
  in	
  inelas+c	
  detectors	
  
–  correc+ons:	
  trigger	
  and	
  detec+on	
  efficiencies,	
  beam-­‐gas	
  events,	
  
pile-­‐up	
  

•  Visible	
  rate	
  
–  in	
  TOTEM,	
  cross-­‐check	
  T1	
  vs.	
  T2	
  for	
  recovery	
  of	
  events	
  with	
  no	
  
tracks	
  in	
  T2	
  (gap	
  over	
  T2,	
  low-­‐mass	
  diffrac+on,	
  ...)	
  

•  Physics	
  rate:	
  true	
  rate	
  Ninel	
  of	
  inelas+c	
  events	
  
•  Note:	
  only	
  one	
  relevant	
  Monte	
  Carlo	
  correc+on	
  (low	
  mass	
  
diffrac+on)	
  
–  it	
  can	
  be	
  constrained	
  from	
  data	
  (σRP

tot	
  –	
  σRP
el	
  –	
  σT2

visible)	
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extracted and applied as a function of the T2 track multi-
plicity and affects only the 1h category. The systematic
uncertainty is estimated to be 0.45% which corresponds
to the maximal variation of the background that gives a
compatible fraction of 1h events (trigger and pileup cor-
rected) in the two samples.

Trigger efficiency: This correction is estimated from the
zero-bias triggered events. It is extracted and applied as a
function of the T2 track multiplicity, being significant
for events with only one track and rapidly decreasing to
zero for five or more tracks. The systematic uncertainty is
evaluated comparing the trigger performances with and
without the requirement of having a track pointing to the
vertex and comparing the overall rate correction in the two
samples.

Pileup: This correction factor is determined from the
zero-bias triggered events: the probability to have a bunch
crossing with tracks in T2 is 0.05–0.06 from which the
probability of having n ! 2 inelastic collisions with tracks
in T2 in the same bunch crossing is derived. The systematic
uncertainty is assessed from the variation, within the same
data set, of the probability to have a bunch crossing with
tracks in T2 and from the uncertainty due to the T2 event
reconstruction efficiency.

Reconstruction efficiency: This correction is estimated
using Monte Carlo generators (PYTHIA8 [13], QGSJET-
II-03 [14]) tuned with data to reproduce the measured
fraction of 1h events which is equal to 0:216" 0:007.
The systematic uncertainty is assumed to be half of the
correction: as it mainly depends on the fraction of events
with only neutral particles in T2, it accounts for variations
between the different Monte Carlo generators.

T1 only: This correction takes into account the amount
of events with no final state particles in T2 but one or
more tracks in T1. The uncertainty is the precision with
which this correction can be calculated from the zero-bias
sample plus the uncertainty of the T1 reconstruction
efficiency.

Internal gap covering T2: This correction takes into
account the events which could have a rapidity gap fully
covering the T2 ! range and no tracks in T1. It is estimated
from data, measuring the probability of having a gap in T1

and transferring it to the T2 region. The uncertainty takes
into account the different conditions (average charged
multiplicity, pT threshold, gap size, and surrounding
material) between the two detectors.
Central diffraction: This correction takes into account

events with all final state particles outside the T1 and T2
pseudorapidity acceptance and it is determined from simu-
lations based on the PHOJET and MBR event generators
[15,16]. Since the cross section is unknown and the uncer-
tainties are large, no correction is applied to the inelastic
rate but an upper limit of 0.25 mb is taken as an additional
source of systematic uncertainty.
Low mass diffraction: The T2 acceptance edge at j!j ¼

6:5 corresponds approximately to diffractive masses of
3.6 GeV (at 50% efficiency). The contribution of events
with all final state particles at j!j> 6:5 is estimated with
QGSJET-II-03 after tuning the Monte Carlo prediction with

TABLE IV. Summary of the measured cross sections with detailed uncertainty composition.
The " uncertainty follows from the COMPETE preferred-model " extrapolation error of
"0:007. The right-most column gives the full systematic uncertainty, combined in quadrature
and considering the correlations between the contributions.

Systematic uncertainty

Quantity Value el. t-dep el. norm inel " ) full

#tot (mb) 101.7 "1:8 "1:4 "1:9 "0:2 ) "2:9
#inel (mb) 74.7 "1:2 "0:6 "0:9 "0:1 ) "1:7
#el (mb) 27.1 "0:5 "0:7 "1:0 "0:1 ) "1:4
#el=#inel (%) 36.2 "0:2 "0:7 "0:9 ) "1:1
#el=#tot (%) 26.6 "0:1 "0:4 "0:5 ) "0:6

FIG. 1 (color). Compilation [8,20–24] of the total (#tot), in-
elastic (#inel) and elastic (#el) cross-section measurements: the
TOTEM measurements described in this Letter are highlighted.
The continuous black lines (lower for pp, upper for !pp) repre-
sent the best fits of the total cross-section data by the COMPETE
collaboration [19]. The dashed line results from a fit of the
elastic scattering data. The dash-dotted lines refer to the inelastic
cross section and are obtained as the difference between the
continuous and dashed fits.

PRL 111, 012001 (2013) P HY S I CA L R EV I EW LE T T E R S
week ending
5 JULY 2013

012001-4

TOTEM	
  total	
  cross-­‐sec+on	
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new data available 
at √s = 2.76 TeV 

σTOT	
  

√S	
  [TeV]	
   method	
   value	
  

7	
  	
   elas+c	
  only	
   98.6±2.3	
  mb	
  

7	
   ρ	
  independent	
   99.1±4.4	
  mb	
  

7	
   lumi	
  independent	
   98.1±2.4	
  mb	
  

8	
   lumi	
  independent	
   101.7±2.9	
  mb	
  



ATLAS	
  total	
  cross-­‐sec+on	
  7	
  TeV	
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Energy	
  evolu+on	
  of	
  σtot	
  and	
  σel	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
The	
  ATLAS	
  measurement	
  is	
  
3.2	
  mb	
  lower	
  than	
  TOTEM,	
  
the	
  difference	
  corresponds	
  
to	
  1.3	
  σ,	
  assuming	
  
uncorrelated	
  uncertain+es.	
  
	
  
	
  

ATLAS 	
  	
  σtot	
  =	
  95.4±1.4	
  mb	
  	
  B	
  =	
  19.7	
  ±	
  0.3	
  GeV-­‐2	
  
TOTEM 	
  	
  σtot	
  =	
  98.6±2.2	
  mb	
  	
  B	
  =	
  19.9	
  ±	
  0.3	
  GeV-­‐2	
  



general	
  observa+ons	
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  -­‐	
  E.	
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  INFN	
  

σel/σTOT	
  

||
el /

tBeAdtd −=σ

|t|dip= 0.53 GeV2 ~ |t|-­‐7.8 

~1.4 GeV2 

ISR 

EPL 101 

TeV7=s



low-­‐t	
  elas+c	
  sca<ering	
  

•  overlapping	
  |t|	
  region	
  
between	
  β*=90m	
  and	
  
β*=1000m	
  

•  access	
  to	
  very	
  low	
  |t|	
  
region	
  and	
  high	
  sta+s+cs	
  
coverage	
  of	
  |t|>	
  0.01	
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β*	
   approach	
  σ	
   |t|	
  range	
  GeV2	
   el	
  events	
   pub	
  

1000m	
   3	
  or	
  10	
   0.0006	
  -­‐>	
  0.2	
   352k	
  

90m	
   6	
  -­‐>	
  9.5	
   0.01	
  -­‐>	
  0.3	
   0.68M	
   PRL	
  111	
  (2013)	
  

90m	
   9.5	
   0.02	
  -­‐>1.4	
   7.2M	
  



reaching	
  the	
  interference	
  region	
  

Simplified	
  West-­‐Yennie	
  (SWY):	
  
•  	
  	
  	
  constant	
  slope	
  B(t)	
  =	
  b0	
  	
  
•  	
  	
  	
  constant	
  hadronic	
  phase	
  

arg(FH)	
  =	
  p0	
  	
  
•  	
  	
  	
  ψ(t)	
  acts	
  as	
  real	
  

interference	
  phase:	
  

Kundrát-­‐Lokajíček	
  (KL)	
  formula:	
  
•  	
  	
  	
  	
  any	
  slope	
  B(t)	
  
•  	
  	
  	
  	
  any	
  hadronic	
  phase	
  arg(FH)	
  
•  	
  	
  	
  	
  complex	
  ψ(t):	
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dσ	
  /	
  dt	
  ∝	
  |FC+h|2	
  =	
  Coulomb	
  +	
  interference	
  +	
  hadronic	
  

• 	
  Modulus	
  constrained	
  by	
  measurement:	
  ds/dt	
  ≅	
  A	
  e-­‐B(t)	
  |t|	
  
•  B(t)	
  =	
  b0	
  +	
  b1	
  t	
  +	
  …	
  

• 	
  Phase	
  arg(FH):	
  guidance	
  by	
  data	
  is	
  difficult	
  



preliminary	
  indica+ons	
  
•  high-­‐sta+s+cs	
  β*=90m	
  data	
  can	
  

be	
  used	
  to	
  compare	
  dσ/dt	
  with	
  
a	
  pure	
  exponen+al	
  form	
  

•  Present	
  data	
  exclude	
  a	
  simple	
  
exponen+al	
  at	
  ~7σ	
  significance	
  

•  à	
  SWY	
  model	
  is	
  ruled	
  out	
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Fit	
  dσ/dt	
  =	
  A	
  e-­‐B(t)	
  |t|	
  ,	
  with	
  	
  	
  B(t)	
  =	
  b0	
  	
  	
  	
  or	
  	
  	
  	
  B(t)	
  =	
  b0	
  +	
  b1	
  t	
  	
  	
  	
  or	
  	
  	
  	
  B(t)	
  =	
  b0	
  +	
  b1	
  t	
  +	
  b2	
  t	
  

large statistics: 7 M elastic events 



status	
  

•  Future	
  data	
  sets:	
  
–  repeat	
  same	
  	
  

•  with	
  improved	
  detectors	
  
•  with	
  higher	
  precision	
  CNI	
  

– exploring	
  the	
  widest	
  possible	
  |t|	
  range	
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Coll	
  energy	
   beta*	
   dataset	
   el	
  X-­‐sec	
   total	
  X-­‐sec	
   C-­‐N	
  interf	
  

7	
  TeV	
  
90m	
   	
  	
   published	
   	
  	
  
3.5m	
   medium	
  |t|	
   published	
   	
  	
   	
  	
  
3.5m	
   high	
  |t|	
   in	
  progress	
   	
  	
   	
  	
  

8	
  TeV	
  
90m	
   low	
  stat	
   published	
   	
  	
  
90m	
   high	
  stat	
   in	
  progress	
  
1000m	
   	
  	
  

2.76	
  TeV	
   11m	
   	
  	
   in	
  progress	
   	
  	
  



consolida+on	
  work	
  towards	
  RUN	
  II	
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new	
  ferrites	
  for	
  ALL	
  RPs.	
  Much	
  higher:	
  
•  bake-­‐out	
  temperature:	
  1000	
  °C	
  
•  and	
  Curie	
  temperature:	
  375	
  °C	
  

op+mized	
  placement	
  of	
  ATLAS	
  RPs;	
  reloca+on	
  of	
  TOTEM’s	
  147m	
  RPs	
  
in	
  220m	
  region	
  à	
  addi+onal	
  lever	
  arm	
  and	
  bkg	
  rejec+on	
  

Rotated	
  TOTEM	
  RPs	
  to	
  add	
  
stereo	
  angles	
  



future	
  data	
  taking	
  
•  Running	
  scenarios	
  under	
  discussion	
  for	
  RUN	
  II	
  
include	
  a	
  wide	
  range	
  of	
  β*	
  values	
  
≥	
  1000m	
  for	
  high-­‐precision	
  low-­‐t	
  elas+c	
  sca<ering	
  
analysis	
  
=	
  90m	
  with	
  extended	
  runs	
  for	
  high-­‐sta+s+cs	
  elas+c	
  &	
  
total	
  cross-­‐sec+on	
  studies	
  

•  Proton	
  tagging	
  will	
  also	
  allow	
  addi+onal	
  physics	
  
output	
  at	
  medium	
  (90m)	
  and	
  low	
  (0.5m)	
  β*	
  	
  
– wide	
  range	
  of	
  masses	
  in	
  central	
  diffrac+on	
  
–  forward	
  par+cle	
  produc+on	
  
– soq	
  and	
  hard	
  diffrac+on	
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conclusions	
  
•  During	
  Run	
  I	
  the	
  total,	
  elas+c	
  and	
  inelas+c	
  cross-­‐
sec+ons	
  have	
  been	
  measured	
  at	
  √S=7	
  and	
  8	
  TeV	
  	
  

•  The	
  elas+c	
  sca<ering	
  has	
  been	
  studied	
  in	
  a	
  wide	
  t	
  
range.	
  	
  
– Measurements	
  at	
  very	
  low	
  t	
  excluded	
  a	
  purely	
  
exponen+al	
  behavior	
  of	
  the	
  forward	
  peak	
  and	
  allow	
  
first	
  studies	
  of	
  the	
  Coulomb-­‐Nuclear	
  interference	
  
region.	
  

•  An	
  extensive	
  consolida+on	
  and	
  upgrade	
  ac+vity	
  is	
  
being	
  finalized	
  to	
  ensure	
  a	
  rich	
  physics	
  
programme	
  during	
  RUN	
  II.	
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backup	
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TOTEM operations 

Low-x meeting, 17-21/6/2014 Fabrizio Ferro - INFN 8 

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

8M 



effect	
  of	
  CNI	
  (explora+ve	
  simula+ons)	
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Coulomb-nuclear interference : Simulation of phases ) e�ect exploration

low-|t| e�ect: sum of two complex amplitudes ) sensitivity to relative phase
) sensitivity to � ⌘ <AH/=AH(t = 0)
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higher-|t| e�ect: additional amplitude contributions (combining both forces))
(some) sensitivity to nuclear phase t-behaviour
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Coulomb-nuclear interference : Simulation of phases ) e�ect exploration

low-|t| e�ect: sum of two complex amplitudes ) sensitivity to relative phase
) sensitivity to � ⌘ <AH/=AH(t = 0)
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higher-|t| e�ect: additional amplitude contributions (combining both forces))
(some) sensitivity to nuclear phase t-behaviour
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Low	
  |t|:	
  sensi*vity	
  to	
  ρ	
  

Higher	
  |t|:	
  sensi*vity	
  to	
  |t|	
  behaviour	
  of	
  nuclear	
  phases	
  



determina+on	
  of	
  ρ	
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U determination 
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   Phase:                  central or constant                              peripheral 
B(t):             1 par.         2 par.       3 par.    1 par.   2 par.   3 par. 

TOTEM preliminary 

U from fits with different 
forms for B(t) and phase(t) 

� �
056.0009.0116 2

inelel

0
int

2 r �
�

  

NN

dtdN
telLSUFrom optical theorem: 

Indirect measurement at 7 TeV: 

Æ_U_ = 0.145 r 0.091 

p. 15 Mario Deile – 

ρ	
  from	
  fits	
  with	
  different	
  
B(t)	
  and	
  Phase(t)	
  



possible	
  running	
  condi+ons	
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• measure PT , t1, t2 and azimuthal angle �� between final state protons ! search for100

odderon-pomeron fusion contribution101

• extract photoproduction cross-section vs W =
p

Mcc̄e±|y
cc̄

|ps and compare with102

HERA, LHCb & ALICE103

Search for exclusive CD production of ⌘c (only produced via photon-odderon fusion?) and104

�c ( IP IP fusion) in hadronic modes.105

3 Running Scenario106

3.1 Overview107

TOTEM will operate in a wide range of luminosities giving access to cross-sections from108

100mb down to the fb level. A rough overview is given in Table 1 (from [9]). Large cross-

�⇤ cr. angle "N N k µ Luminosity

[m] [µrad] [µmrad] [1011 p/b.] bunches [cm�2 s�1]

2500 0 2 0.7÷ 1.5 2 0.004÷ 0.02 (1.2÷ 5.6)⇥ 1027 = (0.1÷ 0.5) nb�1/24h

90 0 2 0.5÷ 1.5 156 0.06÷ 0.5 (1.3÷ 12)⇥ 1030 = (0.1÷ 1) pb�1/24h

90 100 2 0.5÷ 1.5 1000 0.06÷ 0.5 (0.9÷ 7.7)⇥ 1031 = (0.8÷ 7) pb�1/24h

0.5 310÷ 390 1.9÷ 3.75 1.15 2520÷ 2760 19÷ 34 (0.8÷ 1.3)⇥ 1034 = (0.7÷ 1.1) fb�1/24h

(�t = 25ns)

Table 1: Overview of expected running scenarios at
p
s = 13TeV with their respective

ranges of inelastic pileup µ and delivered luminosity. The precise values depend on the
bunch size, the number of bunches, and the emittance.

109

section phenomena (elastic scattering at low |t|, minimum-bias physics, soft di↵raction)110

are covered by the high-�⇤ scenarios with 2 to 156 bunches. Passing on to detailed studies111

of central di↵raction, in particular hard or exclusive processes, one is confronted with112

much lower cross-sections, well below 1mb, and thus with the challenge to find a balance113

between achieving the required luminosity and suppressing the background created by114

event pileup. First measurements in July 2012 based on a special run with the �⇤ = 90m115

optics showed that already an inelastic pileup level of µ ⇠ 5% led to di�culties in selecting116

clean samples of central di↵ractive events. At the same time, statistics su↵ered from the117

low luminosity of about 1030 cm�2s�1.118

High-mass central di↵raction (with M > 250GeV) can be covered by continuously119

operating horizontal Roman Pots, equipped with timing detectors, in standard low-�⇤
120

fills. This part of the upgrade programme is pursued in the framework of the CT-PPS121

collaboration between TOTEM and CMS; it is described in a dedicated TDR [10] and not122

subject of the present document.123

Low-mass central di↵ractive events, on the other hand, are excluded from this low-�⇤
124

programme due to lacking detector acceptance. For this physics, the �⇤ = 90m optics125

with its acceptance for all di↵ractive masses via the vertical RPs is ideal. The following126

sections will outline the strategy for increasing the luminosity while keeping the pileup at127

an acceptable level.128

3.2 Pileup at �⇤ = 90m129

Table 2 and Figure 1 show the mean number of inelastic interactions per bunch crossing,130

µ, and the conditional pileup probability, P (n > 1)/P (n > 0) (where n is the number of131

6


