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•  consolida0on	  and	  upgrades	  conceived	  in	  the	  
view	  of	  	  

•  analysis	  highlights	  
	  



•  The	  experiment	  has	  performed	  beau0fully,	  and	  in	  trying	  to	  
extend	  its	  reach	  we	  have	  discovered	  what	  should	  be	  made	  
beAer	  

•  during	  special	  runs,	  difficult-‐to-‐obtain	  condi0ons	  lead	  to	  limited	  
sta0s0cs	  

•  pile-‐up	  and	  halo	  backgrounds	  are	  the	  main	  limi0ng	  factor	  to	  

•  The	  RPs	  performed	  as	  expected	  w.r.t.	  RF	  impedance,	  but	  this	  is	  
not	  enough	  if	  we	  want	  to	  collect	  larger	  samples.	  

•  Off-‐line	  associa0on	  of	  TOTEM	  and	  CMS	  events	  works	  nicely	  but	  
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low  β* 	  

depends on actual RP approach 

~	  20σ	  
~	  30σ	  

•  Low(er)	  M	  region	  and	  high	  cross-‐sec0on	  
channels	  can	  be	  explored	  with	  β*=90m	  @	  
intermediate	  luminosity	  

•  Actual	  acceptance	  region	  strongly	  depends	  
how	  the	  RPs	  approach	  the	  beam	  

•  A	  realis0c	  approach	  is	  20σ	  

•  β*=0.5m	  and	  high	  luminosity	  is	  the	  
ideal	  condi0on	  to	  explore	  

•  higher	  M,	  above	  ~400GeV/c	  	  
•  low-‐cross	  sec0on	  processes	  



Hit	  maps	  of	  simulated	  diffrac0ve	  events	  for	  2	  op0cs	  configura0ons	  

diffrac0ve	  protons	  in	  horizontal	  RP	   diffrac0ve	  protons	  in	  ver>cal	  RP	  

Standard	  low	  β*	  runs:	  	  

*

1
β

∝L∼	  1034	  cm-2	  s-1	
 ~1030-‐32	  cm-2	  s-1	


low	  cross-‐sec0on	  processes	  (hard	  
diffrac0on)	  –	  con0nuous	  running	  
(with	  reduced	  Np/bunch?)	  

Special	  high	  β*	  	  runs:	  	  

high	  cross-‐sec0on	  processes	  –	  
dedicated	  short	  runs	  with	  
op0mized	  condi0ons	  

µ	  =	  0.05	  –	  0.5	  µ	  =	  25	  –	  50	  (∼5	  with	  reduced	  Np/bunch)	  



•  Strategy	  for	  the	  future	  

3 Running Scenario

3.1 Luminosity Reach in Special and Standard LHC Fills

TOTEM will operate in a wide range of luminosities giving access to cross-sections from
100 mb down to the fb level. A rough overview is given in Table 1. Large cross-section

β∗ cr. angle εN N k µ Luminosity
[m] [µrad] [µm rad] [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
11 310 ÷ 390 1.9 ÷ 3.75 1.15 2520 ÷ 2760 1.3 ÷ 2.5 (5.3 ÷ 9.5) × 1032 = (46 ÷ 82) pb−1/24h

(∆t = 25 ns)
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 = 25 ns)

Table 1: Overview of expected running scenarios 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.

phenomena (elastic scattering at low |t|, minimum-bias physics, soft diffraction) are cov-
ered by the high-β∗ scenarios with 2 to 156 bunches. To reach integrated luminosities of
several pb−1 while keeping the pileup well below 1, a crossing-angle could be introduced
at β∗ = 90 m, allowing to increase the number of bunches beyond 156, e.g. to about 1000,
without parasitic bunch crossings near IP5. This scenario will be ideal for collecting a
clean, generous sample of DPE events enabling a thorough study of centrally produded
mass states: at a pileup level of a few %, 2 weeks of running are enough to obtain 400
million soft DPE events. In the same runs, 104 diffractive dijet events with pT > 100 GeV
can be collected.

Higher luminosities required for harder DPE processes can only be obtained at the
expense of an increased pileup. In this context a time measurement in vertical RPs will be
very beneficial: if a pileup of µ ≈ 0.5 can be disentangled, the bunch charge can be raised
from 0.5 to 1.5 × 1011, yielding almost a factor 10 in luminosity. To give an example, the
exclusive four-jet process mentioned in Chapter 1 will come into reach.

Standard LHC fills are foreseen to have a β∗ of about 0.5 m. In a short initial start-
up phase the bunch spacing will be 50 ns until the final 25 ns bunch trains will have
been commissioned. No substantial luminosity production is planned for the 50 ns phase,
unless unforeseen difficulties with the 25 ns bunching arise. Therefore, the 50 ns scenario
– characterised by an uncomfortably high pileup up to µ ∼ 40 – will not be discussed for
the TOTEM physics programme. However, insertion tests with the new RPs are foreseen.

Once safe RP positions close to high-current beams will have been established, regular
fills with 25 ns bunch trains will be usable in two ways:

• Colliding the beams while staying in the injection optics would offer the opportunity
to run for a few hours in the beginning of regular fills at moderate luminosity and
pileup (µ = 1.3÷2.5 for β∗ = 11 m or µ = 2÷4 for β∗ = 7 m). In this way, integrated
luminosities of the order of 100 pb−1 are reachable in an accumulated running time of
∼ 30 h, possibly sufficient to catch a first glimpse at diffractively produced unknown
states.

• Ultimately, after completion of the full instrumentation upgrade including timing
at the ∼ 10 ps level and tracking with radiation-hard pixel detectors, the range
of (many) fb−1 will become accessible by continuous RP operation in all standard
high-luminosity fills.
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1.  β*≥0.5km	  

2.  β*=90m,	  intermediate	  luminosity	  (1028÷1030)	  

3.  β*≅	  0.5m,	  high	  luminosity	  (1033÷1034)	  



•  Consolidate	  by	  

•  Upgrade	  (with	  CMS)	  by	  



RP147	  (fully	  equipped)	  relocated	  at	  	  
203-‐213	  m	  1	  unit	  rotated	  by	  8	  degrees	  

●  RP	  system	  will	  consist	  of	  	  4	  RP	  units/arm,	  each	  with	  2	  ver0cal	  +	  1	  horizontal	  pots	  
equipped	  with	  10	  planes	  Si-‐strip	  detectors,	  with	  full	  trigger	  capability	  

●  Extreme	  flexibility	  in	  using	  4	  units	  according	  to	  running	  scenario;	  possibility	  to	  
dedicate	  pots	  to	  new	  Si-‐pixel	  detectors	  as	  well	  as	  to	  0ming	  detectors	  with	  low	  
material	  budget	  

Install	  collimator	  
	  to	  protect	  Q6	  

Infrastructure	  to	  install	  	  
2	  new	  horizontal	  pots	  

4 RP units : 220m                                  215m  214m                                                                           204 m 

Long	  lever	  arm	  (~15m)	  improves	  angular	  resolu>on	  
(un0l	  beam	  divergence	  limit)	  
	  	  	  

Si-‐strip	  detectors	  rotated	  to	  improve	  mul>track	  event	  
reconstruc>on	  (beam	  halo	  pileup,	  background)	  

Cylindrical	  pots	  
to	  host	  >ming	  
detectors	  

Allow	  inser0on	  of	  (horizontal)	  
RPs	  closer	  to	  beam	  in	  high	  
intensity	  scenario	  	  	  	  	  	  	  	  	  	  	  	  	  
→	  improved	  ξ	  acceptance	  



All	  service	  cables	  laid	  	  147	  –	  220	  
All	  patch	  panels	  are	  relocated	  

210-‐220m	  region	  

Relocated	  patch	  panels	  
and	  cablings	  

TCL6	  region	  



Current	  limita>on:	  not	  able	  to	  reconstruct	  events	  with	  ≥	  2	  tracks	  in	  same	  pot	  
Solu>on:	  >lt	  by	  ~8°	  FAR	  RP	  	  sta0on	  at	  210m	  (ghost	  tracks	  suppression)	  



•  new	  cylindrical	  RPs	  
•  cylindrical	  RF	  shields	  for	  “box”	  RPs	  
•  prototypes	  ready	  

•  +	  new	  ferrites	  for	  all	  RPs.	  Much	  higher	  
•  bakeout	  temperature:	  1000	  °C	  
•  and	  Curie	  temperature:	  375	  °C	  



	  	  	  

Ferrite	  
delivery	  &	  control	   Ferrite	  bake	  out	  

Ferrite	  removal	  &	  
moun0ng	  of	  new	  

ferrite	  

Roman	  Pot	  	  
Vacuum	  test	  
TE-‐VSC-‐LBV	  	  

Roman	  Pot	  an0	  
collision	  switch	  &	  

calibra0on	  

Return	  of	  sta0ons	  	  
to	  H4-‐	  

kept	  under	  vacuum	  

Re	  transfer	  to	  LHC	  
tunnel-‐	  

installa0on	  in	  tunnel	  

Connec0on	  to	  beam	  
pipe	  elements	  

&	  motor	  connec0on	  	  

Bake	  out	  of	  beam	  
line	  4-‐5	  &	  5-‐6	  	  

Possible	  cri0cal	  path-‐>	  
determines	  the	  earliest	  
possible	  installa0on	  in	  

the	  tunnel	  

END	  of	  
access	  	  
line	  4-‐5	  
&	  5-‐6	  	  

August	  
2014	  

Week	  34	  
4/5	  

Week	  31	  
5/6	  

RP	  commissioning	  

At	  latest	  
5/6	  	  2.6.2014	  	  	  
4/5	  23.6.2014	  	  	  

5/6	  	  16.6.2014	  	  	  
4/5	  	  7.7.2014	  	  	  

Installa0on	  of	  
detector	  packages	  
cables	  connec0on	  &	  

RP	  Laser	  
calibra0on	  !!!	  	  

Date	  of	  bake	  out	  needs	  
to	  be	  re	  discussed	  !!	  

Laser	  alignment	  ~	  1	  month	  
Commissioning	  	  ~	  1	  month	  

All	  tunnel	  and	  RP	  work	  is	  on	  
schedule,	  all	  work	  packages	  defined,	  
orders	  placed	  and	  no	  cri0cali0es	  
iden0fied	  



•  ScaAered	  protons	  seen	  in	  ver0cal	  RPs	  when	  β*=90m	  
•  Long	  collision	  region	  (50cm)	  and	  a	  worst-‐case	  scenario	  of	  μ≤5	  	  

•  Op0mize	  the	  number	  of	  TDC	  channels	  keeping	  into	  account	  
that	  

•  “box”	  enclosures	  must	  not	  be	  modified	  

•  The	  best	  candidate	  is	  a	  diamond	  detector	  	  
–  same	  form	  factor	  as	  present	  strip	  detectors	  à	  can	  fit	  in	  exis0ng	  enclosure	  
–  cell	  size	  and	  shape	  can	  be	  freely	  obtained	  by	  design	  of	  the	  metalliza0on	  

mask	  
–  credible	  op0on	  for	  <100ps	  resolu0on	  

•  A	  fast	  silicon	  detector	  op0on	  is	  also	  being	  evaluated	  



Time Detector optimization 
Vertical N=10 

Cell DPE efficiency > 92% (µ=5)  

• The detector is designed 
to reduce double hit 
probability 

• µ=5 is a worst case in 
case of a proton density 
of the bunches 3 times 
bigger of the nominal 

• Solid state detectors are 
the only one capable of 
reproducing this pattern 

(Cell DPE efficiency: probability to don't loose the DPE proton due to a second hit) 

Cell	  DPE	  inefficiency	  <	  8%	  @	  μ=5	  Cell	  size	  and	  shape	  designed	  in	  order	  to	  
minimize	  double-‐hit	  inefficiency	  and	  limit	  
number	  of	  channels	  

Hit	  map	   10	  channels:	  cell	  size	  and	  efficiency	  	  



•  Installa0on	  of	  addi0onal	  horizontal	  RP	  to	  host	  0ming	  
detectors	  

Movement	  
test	  of	  the	  
prototype	  

new	  RP	  design	  with	  cylindrical	  head	  



•  Modifica0on	  of	  an	  exis0ng	  RP	  with	  the	  addi0on	  of	  a	  
cylindrical	  RF	  shield	  and	  new	  ferrites	  

RF	  shield	  and	  detector	  box	   Movement	  test	  of	  the	  prototype	  



•  A	  total	  of	  8	  physics	  and	  3	  technical	  papers.	  
•  Analyses	  published	  since	  last	  LHCC:	  	  

•  Analyses	  with	  high	  priority:	  	  

•  Analyses	  in	  advanced	  stage:	  	  

•  +	  a	  host	  of	  ongoing	  analyses	  both	  standalone	  and	  w/CMS	  



•  Exploit	  2	  data	  sets	  to	  pin	  down	  the	  
effects	  of	  the	  hadronic	  phase	  in	  
different	  |t|	  regions	  

Sensitivity in available data

• �⇤ = 1000 m: access to low |t|, poor statistics at higher |t|
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• �⇤ = 90 m: no access to low |t|, good statistics at higher |t|
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•  TOTEM	  has	  devised	  a	  comprehensive	  list	  of	  
interven0ons	  for	  consolida0on	  and	  upgrade	  

•  A	  clear	  dis0nc0on	  between	  [large	  β*,low	  lumi]	  and	  
[small	  β*,	  high	  lumi]	  allows	  complementary	  
approaches	  to	  hardware	  interven0ons	  

•  Consolida0on	  opera0ons	  are	  proceeding	  smoothly	  
according	  to	  schedule	  

•  Services	  in	  view	  of	  upgrades	  will	  be	  ready	  by	  end	  of	  
LS1	  

•  Analysis	  of	  2012/2013	  data	  sets	  proceed	  steadily,	  
with	  a	  first	  milestone	  paper	  together	  with	  CMS	  in	  its	  
final	  review	  process.	  


