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Summary of Single p-Tag Processes
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Analysis Motivation [ Ldt [pb~'] | Optimal p
Soft Single Diffraction with AFP0+2
do/dt, do/d&, t-Slope vs. &, | Saturation, MC tuning, Cos- 1 u~0.01
dANT /dpy vs.tand & mic Ray physics
Single Diffractive jet Production [21]
o, rapidity gap, Jet structure and | gap  survival  probability, 10— 100 ue~ |
pr,event shape (MPI [21]); vs. t, | Pomeron structure
E.and B
Single Diffractive jet-gap-jet Production [22, 23, 24]
o, central gap distribution, Jet | observation of a new process, 1 -100 TRV
privs.t, &, and B test of BFKL dynamics
Single Diffractive Production of y + jet [25]
o, rapidity gap, Jet structure | observation of a new process, 10— 100 T
and pr, Photon pr, event shape | mechanism of hard diffrac-
(MP1); vs. t, &, and B tion, gap survival probability,
Pomeron structure
Single Diffractive Z Production
o, rapidity gap, charge- | gap survival probability, 10 - 100 u~ |
asymmetry; vs. ¢, &, and | Pomeron structure
B
Single Diffractive W Production
o, rapidity gap; vs. 1, &, and gap survival  probability, 10 - 100 b~
Pomeron structure and flavor
composition




AFP and ALFA: Complementarity

AFP - Horizontal Pots:

" large ¢ acceptance

" ¢ range shifts with optics
" high §* and low £=0.5 m

ALFA - Vertical Pots:

® limited ¢ acceptance

" £=0 acceptance for 5290,
elastics

" only low-Luminosity,
high G* runs
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Summary of Double p-Tag Processes

DPE jet-jet
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Analysis Motivation [ Ldt [pb~!] | Optimal p
Soft Central Diffraction with AFP2+2

do/dt >, do/d& o, t-Slope | general understanding of 1 u~ 0.1
vs. £, Mass M and y of the | DPE processes

central diffractive system, ¢

VS, qbz, dNi/de; vs. f1 2, 51_2,

M.

Central Diffractive jet Production (DPEjj} [28]; see also Sect. A

do/dt; >, do/d& s, t-Slope | gap survival probability for 10 - 100 u~1
vs. &, do/d pff, Mass M and vy | DPE  processes, Pomeron

of the central dijet system, ¢ | structure, general understand-

VS, ¢ ing of DPE processes

Jet-gap-jet Production [22, 24]

do/dt >, do/d&y,, do/dM;;, | observation of a new process, 10100 U~
central gap distribution, | test of BFKL dynamics

da/dpi. ¢ vs. ¢

¥ + jet Production

o, rapidity gap(s), Jet structure | observation of a new process, 10— 100 TSl

and pr, Photon pr; vs. 112, & 2,
and M ;

mechanism of hard diffrac-
tion, gap survival probability,
Pomeron structure




Benchmark: DPEjj Processes
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— Fast & Full simulation of AFP + ATLAS, including pile-up
® generator: PytHIA 8.165 with PomFLux = 1, 5(MBR)

®* 100 h (1 wk); 2808 bunches, p=1

— Event Selections:
* p+(jet)> 20, 50, 100 GeV
® double proton tag in AFP
* matching with AFP vertex
from timing (g,= 30 ps)
* single vertex in ATLAS

Purity of the DPE JJ sample

1 T T T T
—— no time cut

~ — 30ps, |AZ| <9 mm

purity, oppe / ( Onp + Osp * Oppe )

~ AFPdoubletag
 0.015<£<0.15

0 1 2 3 4
mean pile-up, <u>

number of events

jet pr > 50 GeV  AFP double tag AFP timing (30 ps) one vertex

Double Pomeron

Exchange jet analysis - cut flow

1010 -

Pythia 8 (MBR)

Pythia 8 (default)

T T

b t=100h; nyeh = 2808; <> =1 I background: ND + SD jets

I signal: DPE jets

Nk = 4, Az > 2.0 mm

Nk 2 2, Az > 1.0 mm
1

T

significance, S/ V(S + B)

no timing 30 ps, |Az| < 9 mm
— p>20Gev  —— p™'>20Gev
-—-- pM>50Gev  ---- p*'>50Gev
----- prtt =100 Gev  ----- p "' > 100 Gev

AFP doubletag  0.015<&<0.15

mean pile-up, <p>

AFP efficiency



Installation: AFP 0+2 = AFP 2+2

Single Arm, 2 Roman Pot Stations (204 m, 212 m)
* Earliest opportunity to install: Winter 2015-16 SSD

— AFP Beam Pipe section ~9 m
— RP Stations + BPM
— Cables

— Vacuum, Cooling
® Tracking detectors (SiT)

~

_

a VERY large job in VERY
little time !

— 4 planes of 3-D Silicon Pixels; edgeless (150 um)
— provide L1 Trigger from FE-I4 HitOR outputs (e.g. 3 planes out of 4)
— SiT can be installed during a short (6 hr) access

* NO Time-of-Flight (ToF) for AFP0O+2

— ToF not needed/useful for 1-arm physics ...
® only for study of time structure of backgrounds ...

= install only if the rest is done !

Two-Arm AFP2+2: in Winter 2016-2017 (19 wks)
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Closing in to the Beam: Roman Pot

AFP pot very similar to TOTEM pot
— cylindrical: good RF behavior (1% of LHC impedance)

AFP detectors require a flat inside bottom in the pot
— thin window machined on the beam side —different from TOTEM pot
— design & simulations done
— prototype in 5-6 weeks

ATLAS

NODAL SOLUTION ] ANSYS
ooy 0.8 mm maximum bulges= > o
- (vacuum in LHC and 1 atm in pot)

LHCC 3MAR2015 7



Roman Pot station

AFP Roman Pot station: TOTEM

— Replicate TOTEM horizontal station
*® reliable and proven design
* external manufacturer
— Interface to ALFA pedestal
Slide 2

=> minimal extra design needed ~
e

LN e RS
|
ALFA |[iE=r=l

e
b oo A i

S o

Beam pipe
Roman pot Bellow

Motor drive

I=

Vacuum Compensation system
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Infrastructure

AT

AFP Beam Pipe:

— beam pipe RP station placeholder sections
— BPM at 212 m station, beam Loss Monitors
Services:

— Cooling for pots and detectors

— Secondary vacuum

— Cables:
* fast foam-core cables for Trigger, Reference Clock M,
* Optical fibers TDAQ E s o
* HVandLVcables S

T .
%WWWWWWWW//WWWWWWWW : :

®* DCS CanBus cables B | 2 . .
' . .
DCS | HY |§ 2 LV PL512 _SCOL §| Hy | . HW DAQ RCE
: . I % | nterock CAN PSU
é . .
— Secondary pressure
Z Z Z
. . % % _ Tunnel floor
— cooling air pressure , L — Monitoring:
T 8 voltage Opto /éFPtZli , Temperatures, vorTEx | | RPO
—_ Regulators ™darjl Board Tz, T Pressure, ...
emperatures Regula Crate, Tor Cooler | | Movement
® pots, detectors, air,

ctrl/mon LV Regulaa)rs Station - Mo:mﬂ:or
AFP214 Crate ad
Crates’ reQUIatorS SiT Detector Detector
— Voltages and currents """ u orveeor | | e Roman Pot

Legend: ..... Ethernet — HY — data
7727 CAN bus —_— Y === RPO Movement signals
Env. sensors == Cooling - ELMB 9
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3-D Silicon Pixel Tracker

Requirements: 3-D CNM Pixel Sensor and Cut
— Resolution: ,=10 ym, g,=30 pm Rl . L
— Radiation hard: 5x10'® p/cm?%/100 fb"
— edgeless <200 pm

— must handle very non-uniform irradiation
I . Beam1-PYTHIA8 4C

5
[RERA R R R

T

p/cm?2/100 fb’

‘206‘ 106

AN RAARRARNEA

B T T R T
[mm]

Use the ATLAS IBL technology
— 3-D pixel sensors:

* 336 x 80 of 50 um (x) x 250 pm ()

* after cut: efficient to 100-150 pm
— FE-14b readout ASIC

* rad hard —tested up to 2.5 MGy

and 5x10"® 1 MeV-eq n/cm?

— non-uniform irradiation tests

fewx101® p/cm? successful T T
LHCC 3MAR2015 Pixel Column Column

CNM-S5-R7, 100 V

Hole

Pixel Row




3-D Silicon Pixel Tracker

ke

Trigger: Setup in test beam Nov 2014 CERN SPS
— AND of 3 planes (FE-4 HItOR)  "iger 08584 . dianéof 2 Labar s
DAQ: ‘

— RCE-based (AdvancedTCA)
— used for IBL stave testing
— worked VERY well in test beam!

Performance:
— Efficiency 298%/plane
(will be higher with 13° tilt)

— 98% single track events,
0.4% empty triggers

— Track CoG resolution:
g=7 uym, 0,736 pm

Production Status:

— Sensors cut, Under Bump Metallization done

— FE-I4 in house, to be sent for UBM

— Flexes to be designed € critical path

— Sensor card and holder: to be designed € critical path

LHCC 3MAR2015 11



Time-of-Flight Detector

Requirements:

— high resolution: 0,10 ps

— high rate: <5 MHz

— radiation hard (100-300 fb-1)
— long life PMT

— segmentation in x (~¢)

— L1 Trigger capability

Al mirror

— low mass: 1.8%4,/bar
Long-life, high-rate MCP-PMT

Design: “LQbar”

— each bar og,=< 30 ps
* tests: 25-30 ps

— 4 independent bars:
<15 ps

LHCC 3MAR2015 12



Beam Test: Time-of-Flight Detector

— Sit-ToF correllation: excellent (but some X-talk)

Track position - y [mm]

o »® A N O N A O ©

ToF efficiency: >99%

— Resolution: ~30 ps (Oscilloscope)

400 T T T
= LQ1A -SiPM1
——fit 6(LQ1A )=31 ps
3501 « LQIB-SiPM1 |
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Run 2 and Beyond

AT

Plans for Run 2:

— AFP0+2 in 2015/16 SSD (?); AFP2+2 in 2016/17
— Special high £* runs in 2016-2017

— Standard optics runs to measure environment

2011 Vs=7+8 TeV, L~6x10¥cm?s", bunch spacing 50ns Run 1
2012 ~25 fb!
2013 _ . o
»ota st Go to design energy, nominal luminosity - Phase 0
Partici _ 2015 [
amCIPate n 2016 [0 Vs=13~14 TeV, L~1x10*cm?s", bunch spacing 25ns Run2
Run 3 if: 2017 [0 ~75-100 Ib"

— standard optics |18 Ls2 & Injector + LHC FPhase | upgrade to ultimate design luminosity
works for AFP | 219

(revi ew) 2020 Vs=14 TeV, L~2x10*cm?s", bunch spacing 25ns Run 3
: : 2021 1
— High Lumi | _ B ~850 fb
AFP proaram 2022 1S3 ~ HL-LHC Phase Il upgrade: Interaction Region, crab cavities?
AFP prog oo [
is approved
(review) 20307 Vs=14 TeV, L~5x10¥*cm?s”, luminosity levelling ~3000 fb"
LHCC 3MAR2015 14




Backup Material
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Backup — ToF MCP-PMT

* MCP-PMT Life Time and Rate

—_— H ALD EDR254u Planacon 1E5 Gain (b) i
=
=2
)
5 A Mini-Planacon 1E5 Gain
8
=
L)
E
5 w
=
g film : | ' "
5 - : . : : =
& new PC : : ; 18
0,...i....i..,.l....l.l..l....i....|||| n i
0 1000 2000 3000 4000 5000 6000 7000 800 16 ¥ (] -
integrated anode charge [mC/cm?] i
——gr— BINP 1359 e BINP 3548 e PHOT. XP85112/A1-HGL (9001223) 4
—f— PHOT XPB5112/A1-D (8001332) e PHOT. XPB5112/A1-URD [3001383) =i Ham_ R10754X-01-M16 (JTO117) 14
e Ham. R10754X-07-M16M (KT0001) T Ham. R10754X-07-M16M (KTD002) 1000 10000 100000 1000000 10000000
Laser Rate (Hz)
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Summary of Single p-Tag Processes

t .
P < 2 _ p (é:’ ¢)
donbe.

beam pipe

/

w
\

p

Single Diffractive Production

t=(p-p)’
fEl—E'/E

P =Xp

LHCC 3MAR2015

ikt

Analysis Motivation [ Ldt [pb~'] | Optimal p
Soft Single Diffraction with AFP0+2
do/dt, do/d&, t-Slope vs. &, | Saturation, MC tuning, Cos- 1 u~0.01
dANT /dpy vs.tand & mic Ray physics
Single Diffractive jet Production [21]
o, rapidity gap, Jet structure and | gap  survival  probability, 10— 100 ue~ |
pr,event shape (MPI [21]); vs. t, | Pomeron structure
E.and B
Single Diffractive jet-gap-jet Production [22, 23, 24]
o, central gap distribution, Jet | observation of a new process, 1 -100 TRV
privs.t, &, and B test of BFKL dynamics
Single Diffractive Production of y + jet [25]
o, rapidity gap, Jet structure | observation of a new process, 10— 100 T
and pr, Photon pr, event shape | mechanism of hard diffrac-
(MP1); vs. t, &, and B tion, gap survival probability,
Pomeron structure
Single Diffractive Z Production
o, rapidity gap, charge- | gap survival probability, 10 - 100 u~ |
asymmetry; vs. ¢, &, and | Pomeron structure
B
Single Diffractive W Production
o, rapidity gap; vs. 1, &, and gap survival  probability, 10 - 100 b~

Pomeron structure and flavor

composition
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Summary of Double p-Tag Processes

DPE jet-jet

Py
P

~—

4

P (S, %)

RN
t=(p, - p,)

¢ =1-F |/EB

g
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Analysis Motivation [ Ldt [pb~!] | Optimal p
Soft Central Diffraction with AFP2+2

do/dt >, do/d& o, t-Slope | general understanding of 1 u~ 0.1
vs. £, Mass M and y of the | DPE processes

central diffractive system, ¢

VS, qbz, dNi/de; vs. f1 2, 51_2,

M.

Central Diffractive jet Production (DPEjj} [28]; see also Sect. A

do/dt; >, do/d& s, t-Slope | gap survival probability for 10 - 100 u~1
vs. &, do/d pff, Mass M and vy | DPE  processes, Pomeron

of the central dijet system, ¢ | structure, general understand-

VS, ¢ ing of DPE processes

Jet-gap-jet Production [22, 24]

do/dt >, do/d&y,, do/dM;;, | observation of a new process, 10100 U~
central gap distribution, | test of BFKL dynamics

da/dpi. ¢ vs. ¢

¥ + jet Production

o, rapidity gap(s), Jet structure | observation of a new process, 10— 100 TSl

and pr, Photon pr; vs. 112, & 2,
and M ;

mechanism of hard diffrac-
tion, gap survival probability,
Pomeron structure
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Backup — Radiation Levels

aTLs

Radiation levels for 100 fb"
— inputs: ALFA and TOTEM measurements

— AFP Full simulations in minbias events (below)
— early FLUKA calculations (A Mereghetti, 2009)

Position

5 mm from beam

5 ¢m from beam

Tunnel Floor

L1 ‘ I | ‘
-100 -95
x [mm]

[ B
-105

1 L1 ‘
-115

[ L1
-110
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-115 -110

10'°

10"

10'®

102

Electronics type 3-D sensor & FE-14 PA-a PA-b, Trigger, CFD, HPTDC
High-energy hadrons < 5x 108 /cm? 5% 10%/em? 1 x 101 /em?
Peg < 3x 10%/cm? 3 x 10" /cm? 5% 10"%cm?
200 Gy 50 Gy
10"

40

-60

-200 -180 -160 -140 -120 -100

10'®

10™

10'®

10%2

10"

10"

-80 -60 -40 -20
X [mm]
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Backup - Simulations

GEANT4 model of Roman pot with
Si Tracker and Timing detectors

E _| L " L I L T L l LA B [ L ]
€ 3000 ATLAS Simulation -
S F s=14Tev RMS = 14.8 um -
=2500C g _ E
g7 P=0%5m SiT track -
E ion 1
15 2000 resolution -
¥ (without
15001 staggering) 1
1000F -
500F —
- RN B S R B I T A |—!_| | T AT | ]
A5 01 005 0 005 01 015
AFP 212 track resolution in x [mm]
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AFP 204 + 212 tracking efficiency
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Backup - 3-D Silicon Sensor Cut

Edge cut by diamond saw (IFAE Barcelona)
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Efficiency

Efficiency

CNM-S5-R7
1 T T AP ——— T v L S |
0.9 edge extension +:«" —
0.8 " edge pixel next-to-edge —=
0.7 o pixel =
06 o +] : _3
remaining insensitive edge ; =
b . 2 Edge Fit —=
T sensitivity — 50% at 6.710.3 um =
035 < extension - Sigma 14.7+04 pm =
0.2 s % Plateau eff. 97.3+02% _—
0.1E-" i : —=
0 e N T S il L i =
=150 -100 -50 0 50 100
Distance from Pixel Edge [um ]
FBK-S1-R9
1 ¥ : ST TR b
0.9 5§ - . . : d
0.8 e — edge extension edge pixel next—t.o-e ge
0.7 o i . pixel
; o = ;
gg g sensitivity extension Edge .Fit
0.4 \ 50% at 76803 pum
0.3 i \ remaining Sigma 13.2+0.3 um
0.2 ¥ insensitive edge Plateaueff.  98.5+0.1%
0.1 L :
0 % ; L L L 1 L L L L 1 L L L L
=150 -100 -50 0 50 100

Distance from Pixel Edge [um ]
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Backup — Test Beam - SiT
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Technical Manpower Needs 2015

® Urgent:
—1 FTEofonsite TC (+1FTEPL+ 0.3 FTE RC)
® probably OK
— 0.5 FTE of onsite Project/Mechanical Engineer: assistance with oversight of RP Station

assembly, Detector integration, LHC integration, installation. To work closely also with
ATLAS TC.

® inthe works ...

— 1.0 FTE of a good onsite Technician with experience in UHV work and electrical work: RP
Station assembly, Detector integration, installation (~50% from FD M&O B)

® combination of 2 technicians?
— 0.2 FTE of offsite Mechanical Engineer/Designer for the Silicon Tracker
* Oslo/Bergen!

* Not Urgent:

— 0.2 FTE for 0.3 year of Mechanical Engineer/Designer for the Time-of-
Flight (detector holder)
* 7

* It would be advantageous to have a local (technical) contact in Prague to follow the
RP Station production and Vortex Cooling at Vakuum Praha AS and at CTU ...
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