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Double Pomeron Exchange
p(S)

DPE Rapidity Gap

-|
An=-In &, neQ

N =-Intan 6/2

Use the LHC as a Pomeron-Pomeron (gluon - gluon) collider

*Central Diffraction **Central Exclusive Production



&= LHC Optics: RP sensitivity o]

%' Optics parameters: data full non-linear fit, harmonics, displacements,... | °

Hit maps of simulated diffractive events for 2 optics configurations

(B* = betatron function at the interaction point)

15 13

B* =90 m (special development for RP runs)
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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
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Diffractive Physics Program LHC Run 11

 TOTEM: standard measurement of elastic scattering
(from the largest to the smallest t)
and of the total and inelastic cross section at the new LHC energy

« TOTEM+CMS: physics search on low mass spectroscopy (1-3GeV)
— gluonic states and glueball searches

— diffractive y . production
« TOTEM+CMS: central-diffractive jet production :
* TOTEM+CMS: missing/escaping mass !

T T1 CMS5 T1 T2

- ———D_[_\E \/ %_Q__ -
AT

Preliminary investigation of some physics channels in progress with the analysis of data
from joint CMS-TOTEM high B” run (90m) , 8 TeV , July 2012
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Central Exclusive Production (CEP)

P (S1) M2=¢E, &, s

Q X at rapidity y gg collider
1, & also yy fusion &
P> (&) Y =5 IN &, photoproduction

> exchange of colour singlets with vacuum quantum numbers
—> selection rules for system X: JP¢ = 0**, 2**, ... resonances, jets,?....

> With double-arm proton detection:
=== (* =90m runs:all M(pp), n ~0.05-0.5 = 0(0.1-10 pb~1/day)

low B* runs: M(pp) >~ 350 GeV, un ~30-50 = O(1 fb-l/day) (CTPPS)
~ Comparison/prediction from forward to central system:

> M(pp) =? M(central), p;,(pp) =>p;,(central), vertex(pp)=> vertex(central)

. Prediction of central particle flow topology from proton §'s
(rapidity gaps): An, , = —Ing, ,

e CMS & TOTEM common runs: access to O(pb) production cross-sections



| resonance / meson pair
(nm, KK, pp, NM)

p -

p(p)

CEP low-Mass States & Glueballs

LHC: a unique lab to study CEP low M states

small p;’s of final state mesons
= CMS tracking AM ~ 10 MeV (<< ISR, RHIC, Tevatron)

n/K/p separation using CMS tracker dE/dx
proton tagging in f* = 90m runs = p; ~ 40 MeV
RP proton tagging = no need to invoke rapidity gaps

large M coverage & protons = exclusivity ensured
with excellent S/B

spin determination from decay angles & proton
azimuthal correlations

Small € ~10-3 10 at LHC from RP vertices = pure gluon pair = masses ~ 1-3 GeV

Pomeron = colourless gluon pair/ladder
— Pomeron fusion likely to produce glueballs

e Past luminosity: ~ 0.003 pb~! = need x 300 (~ 1 pb™!) to produce resonances

* Study of glueballs & . in hadronic modes require x 3000 (~ 10 pb™1)

* Increase in integrated luminosity in high 3 runs may be obtained :

> Increasing bunch number (requires crossing angle for high 3 runs) Pileup pu~1

> Increasing running time



Central Diffraction Missing Mass Searches

Check escaping-mass candidates

Pile-up protection

Pevis(Particle Flow) # prorem(PP)

Mus(Particle Flow + missing momentum) < M;grem(PP)
— existence of tracks undetected by CMS

No tracks observed in forward detectors ‘allowed’ by rapidity gaps
More forward regions excluded by rapidity gaps — ‘allowed’ = ‘required’ ?

tracks

Rapidity Gap

An=-In g, ‘In &,@ P,

energeticgammasin T2, N*>p P1 @
detectors' 'inefficiency?

acceptance gaps between detectors? T ' 1 cMS TU/T2
high energy neutrinos?

neutral particle flow in T2 (under simulation)?
real escaping energy?

These depend on amount of missing energy

no tracks observed



@ Exclusive Missing Mass Searches

DPE pp candidates in Roman Pots. CMS, T1, T2 empty.

T2 T1 CMS T1 T2

P, @

no tracks observed

If £ ~1% logic applies to CMS tracker allowed & everything else forbidden
(then it could work also if pile-up).



RPs Consolidation & Upgrade — LS1

overview (schematic)

Relocated stations : :
Existing TOTEM RP-220 m (near-far)
from 147 m |
New RP
stations
New
. . . New
New §| plxe_I tracking detectors ‘ e
LHC component in horizontal RPs + RP - RF shield Iming detectors New
| LHC component
2 vertical RP 2 vertical RP Near ] 1 horizontal F?r
1 horizontal 1 horizontal 2 vertical RP 1 horx’ontal RP i ve/r;m;l RP
> RP op/bottom
TRACKING - top/bottom TIMING TIMING 1 horizontal
outgoing TRACKING 1 horizontal Detector Detector RP
beam Detector Detector RP

shielding

TCL-4 TCL-6 Q6
~5.10 m ~5m

All RPs can be :
operated = CMS |p5

simultaneously ! ~220m




RPs Performance
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new layout:

e 147 m station relocated to 204 and 214 m (increased lever arm = better angular resolution)
e RPs at 214 m rotated by 8° = multi-track capability

e ~ 216 m new two horizontal RPs for timing detectors (improved proton left-right correlation)

: 220m 215m 214m 204 m
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TDR — Timing Vertical RP Project

TOTEM

TDR approved by LHCC on
November 2014

Test beam campaigns during
winter spring (Desy, PS, SPS)
all requirements for physics

met

Construction in progress.
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* Solid state detectors only (limited space in old pots boxes)

— Diamond detectors
* Rad hard
e Easy pixelization
* Limited channel number (12 per plane)
* Discrete components amplifiers
* Low signal to noise

Vertical RPs Timing Detectors

— Silicon detectors
e Large signal to noise
e Large pixels have charge collection time skew
* Necessity to have large number of pixels
* Need for special ASICs development.

13
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Diamond detector - signal

* (Charged particle crossing the detector release

electron/hole pairs, Landau distributed with Chusged ic “ ‘;

<Charge> ~18Ke~3fC | :
Jln'lll Tiarannd ,:4] e O L
» Abias, 800V, is applied on top and bottom of the J/ﬁ T

electrodes and allows the primary charge to drift
toward the electrodes (higher electron mobility
wrt silicon both for holes and electrons).

= Acurrent pulse is given by the 1ps
Shockley—Ramo theorem:
tr = 2 ps (rising edge)
ts =1 ps (sustain)
tf=5 .. 7 ns (falling edge)

Imax = 0.5 pA ' "2ps 3-7ns



Vertical RPs Timing Detectors

Optimization driven by physics and technical choices

- Minimize number of channels without compromising the physics program
- Map plane with different size pads with same occupancy
- Minimum number optimized with simulation

e Detector

— Dimensions: 10mm X 20mm

y [mm]

— 10 pixels with dimensions adapted to
track density

— A stack of 4 Planes improves the single
plane timing resolution (1/2)

— Available on the market is 4.5x4.5 mm
500 pm thick

— Diamond

* Timing Specifications

— Measure time of arrival of proton with a
resolution better than 50ps (100ps/plane)



Detector [ayout

Almost constant occupancy

=0.5

0.5%-1% per BX, 1

J

2mm

2.5mm

Most probable installation
of timing detectors: 220 N

The main constraints driving the layout optimization are:

* Max number of channels that can be equipped inside
the hybrid board (12).

* Available diamond sizes in the market (Element &
standard diamonds are 4.5mmx4.5mmx0.5mm).

* Cost (1.9Keuro for each E-grade scCVD pixel).

* |nefficiency loss due to double hit (negligible in this
configuration) and metalization dead regions.

» Better to have small pixels close to (X=0,Y=0)
» This will assure better time resolution for an
higher number of track



é"’_ We started last summer with commercial Cividec detectors and amplifiers, but tt
_&-wJ) resolution was ~300ps (Oscilloscope)
We took advantage from Hades@GSI experience on diamond detectors.

GSI detector has been tested and timing
resolution well below 100 ps was proved.

Front and back
scintillator +
anticoincidence

GSI diamond
detector (2 plane,
8 pixel/plane)




First test with custom hybrids

CIVIDEC diamond (C ~ 2 pF)

Pilsen Amplifier

=S

TOTEM Hybrid

Osc.

>

GSI Amplifier

GS1 diamond (C ~ 0.3 pF)

Thanks to Hades@GSI for the test telescope as reference

We developed a simple
hybrid with a
preamplifier stage and
external amplification
boxes developed in
Pilsen (West Bohemia
University)

The detector is 5X5mm
500um thick single pixel

We got 150ps resolution



got the resolution that was required by the project <100ps (signal

@ The test beam work focused on the amplification chain and finally we
%' sampled by a 10Gs Agilent Oscilloscope)

Many GSI/Pilsen mixed configuration tested during December
test-beam. One of them proved effective.

CIVIDEC diamond (C ™~ 2 pF)

=

TOTEM Hybrid Pilsen Amplifier GS| Booster
(best of Nov. Test Beam)

-10dB attenuator added to GSI perform not only
prevent signal saturation amplification but also signal
in GSI Booster shaping



Timing measurements

The time resolution is found to —
with the
capacitance.

* The rise time of the diamonds are

about 2-2.2 ns.
* The S/N is found to be = 25 (strips)
and 18 (plane sensor)

- .--4--:';
-l-l-.:-lﬂ.- — T .:_“!:. - "'I ’-I.m“;__l”: h-'.'lrh.ﬂ
1::-:_:,...:--]t--\.. L 5 P — (e Beg el e g £

E—— S D 0 — 7117 EI
Yy S e *.H*-L 3 =
ijl'":_' Measurement : Preliminary |
i = performed at | 6~ 108 ps
i 64Gshs, it
i .. 11bits

lima resolubion (ps)

Time resolution (ps)

120 :
e o 'March TB
a b . FebruaryTB | ——
[ : . : — .
[ S - ol
:
1|:__-.__.-_-.__-.__.-_-.-____ — __J:.E_ — S
[ : . ' I
35 ' . i
x - Measurement performed i
. with a 10 Gs/s, 8 bits it
* [ osciloscope f
EL" 1 i 1 I.I i 1 1 L1 Ll II 1 1

2pF vs 2 pF measurement obtained with
the SAMPIC (waveform digitizer)

Important: time resolution has not been
degraded by the waveform digitizer.
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%@T) Second Hybrid prototype with the final full ampification chain

Diamonds available (all mounted
1In new boards):

» CIVIDEC diamond (full pad)
» Brand new diamond from E6:

* Full pad metalization made
@GSI and Princeton
* Strip metalization @ GSI

B o R

—

Amplification chain
validated in December
fully integrated in the
new hybrid board.

4 readout channels
available




DESY Test beam setup with the new hybrids.
2 hybrids with 4 nominal pixel detector and a 5x5mm single pixel
detector were tested with a silicon tracker in front for efficiency

measurements

Relative position with respect to

the triggered particles has been
optimized thanks to the remote control
of the support in the X-Y directions

22



Time resolution (ps)
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Summary on the Timing measurements

Time resolution (ps)

at the Test beams

Time resolution (ps)

!

- 0= RMS /42 March-TB
- February TB 2
B . .
|| 11 IQ | | | Q | | | Q\ | | | Q |
' o . . 5.
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Time resolution (ps)
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Efﬁcieney measurement

* Measurement of the inefficiency induced by the 100 um unmetalized region
between the strips.

et
= 3()#1 T é : I
E [ >
> f 1
20k E 1.35 mm
3 i
: i i
10* E 01mm — - — — —
I Strip C 102
I Xtm), |, MO
= ) .mm* _____
- Strip B j 083 mm
.10; .\’ n.1n|n|‘ — jI: = =
- A 0.70 mm
-20{— ). ) 4.2mm ]
- R e Strip Y-Efficiency
1 1 1 1 1 l\i ‘..J ) > - - .
3(130 2‘ 710 0 10 20 30 1 [5) 1= . Nominal: g.83mm . Nominal: 1.02 mm
x [mm] g T e B S S W s A S
& [ ‘g 1.95 mm
08 | | Nominal pitch
* Inthe geometrical area of the metallization an B Strip B Strip C S e
efficiency larger than 98% is obtained (residual 06l
inefficiency can be explained in terms of PU and - ol mm
Multiple scattering). The S/Nis: 20 < S/N < 25. N ™
04—
* An efficiency larger than 80% was found even in the B
unmetallized area (but here S/N and o; degradation 02—
has been observed) B ‘ 2.2 mm .
0_.‘+f‘|..”\J‘ .L..“|‘.‘.k“‘|
-2 1.5 -1 -0.5 0 0.5

1
Y position (mm)



Replace one of present vertical detectors (Si-microstrip) with the diamond (timing)
detector.

" b
SR

Vertical Roman Pots (220Near)

25






Mechanics

d SAGANA
ADRS 3-8

The “champignon” is

IR based on the old pots
T 22 basic structure.
eIl .
< — The evaporative
IE cooling is the same.
T | Two adjustable bars

are used to precise
positioning of the
package in the pot.
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CD

Mechanics

Two lateral, cold, aluminum
holding bars are the main
structure. The Hybrids are
hold into large grooves to
enhance heat transfer from
the board to the bars.




Cooling

cooling radiator

#6/3 copper plpe

86/5 copper pips H H H ” ‘H
o
| TR HE inni The two lateral aluminum
. e holding bars are cooled by
N NN . ) ‘ ' I anovoidal copper pipe to
- - : enhance the heat transfer
== e 1T : from the aluminum to the
@Luﬁ 3 1l fluid. A thermal connection
e UM (N T of the pipes with the wall

copper

e e s pots is foreseen.
P 0.5 S == T aluminium
e 02
| I—Y —
A %‘-@.‘:_ 14
— 112 |12 |12 M4 e =






A

Cooling test assembly
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Mechanics

Feedtrough for high
frequency RF connectors. We
found a company that does
this and it will be available
by august.
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The Hybrid

The hybrid has been designed by Richard
Linhart from University of West Bohemia
(Pilsen)

The PCB is made with ROGER substrate for
better impedance matching.

The first prototype has been tested at Pilsen
and now is at CERN.

In the next weeks it will be tested at SPS test
beam area.

34



The Configuration

* Preamplifier
— 1 stage BFP840ESD, robust SiGe BJT with low-C feedback
— Gi=31dB(Gu=-4dB) F=0.6dB

 Amplifier
— MMIC ABA-53563, near linear phase, absolute stable amplifier
— G=22dB F=3.5dB
HV
DIAMOND

H5 5 H k[>% Foureur

PREAMP  AMPLIFIER ATTENUATOR SHAPING AMP.

AMPLIFIER CHAIN BLOCK DIAGRAM
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The Configuration

* Attenuator

— G =-10dB, for matching the next stage and for amplitude adjustment
e Shaping amplifier

— 2x BFG425 Si BJT matched amplifier for shaping the signal

— G=50dB
e SUM G =93 dB (taken as current transfer rat. from diamond to output)

HV
DIAMOND

HEaH k[>% outeur

PREAMP  AMPLIFIER ATTENUATOR SHAPING AMP.

AMPLIFIER CHAIN BLOCK DIAGRAM
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The Electromagnetic Shield

e Signal traces = stripline

(Inside the board between

two ground planes without

any gaps.)

* Atleast 2 via fences
between traces, or
between trace and circuit

e Crosstalk rejection
between 2 parallel lines
was approx. 100 dB in
simulations

* Via density depends on
signal bandwidth and
propagation velocity

* Shielding metal boxes on
circuits

ng

ANER

© 0

Yo

R
=y

el

W W A
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Thermal Analysis & Diagnostics

 Power loss —0.307 mW / channel ; 3.7 W total
e PCB thermal conductivity 37 W/mK
* Previous work on 4 channel hybrid

— 2D thermal model in vacuum

— Basic test in vacuum chamber

e Current tests for 12 channel hybrid
— Board Mockup used for test
— Cooling system test with board mockups
* In operation diagnostics
— 4x PT-100 temperature sensors
(Diamond, Heat Sink, Main Amplifier, Board)

38



Board Preview — Diamond

The top view of the diamond
and preamplifiers

oooooo

The bottom view of the diamond ' 22 4 b......
and preamplifiers




First Prototype
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= A=

Digitization and data acquisition

P TTC Syste

CCUM

w GOH

Mother board ? \

Standard RP

Reference CLOCK Control and R/O
41

Cooling

}

SAMPIC

DAQ

Coax-cables

HV/LV Trigger




Clock
~2m

Short cables

—

1\
7 Control

£ @
g‘} - Data
=N ©
517 - Trigger

DCS/DsSS

TUNNEL —= ~250m — USC
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\ . .
@Th e Sa m pIC Ch | p Matthias Saimpert, D. Breton, E. Delagnes, J. Maalmi, C. Royon

CEA Saclay - Irfu/SEDI,SPP ; CNRS Orsay - IN2P3/LAL

SamPic is a CMOS chip designed to read the forward timing
detectors of ATLAS. Sampler for Picosecond time pick-off.

<p2io

* Technology evaluation (IBM 0.18pum)

* Tests of design choices (DLL & SCA architecture)

* Simultaneous Read&Write

* Creating a multi-channel chip easily integrable in large-scale
experiments (ATLAS).

R&D financed by P210O
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o . .
The Sampic Chip
b

Detection of ‘Event of interest’ above threshold.

“ Adjustable threshold (DAC).
“ Pulse polarity (rising or falling edge).
“ Additional post-trigger delay.

Fast pulse detection.

amplitude window
i e -
Threshold crossing detection “//5:F

Wini 0,500

o 1 'I' 1resh
s~ Vi

-

time

44



%:v-: The Sampic Chip
C

ersion and readout.

"  Wilkinson 11 bits - 2GHzxz.




Sampic Mezzanine

Each Sampic mezzanine has 16 inputs.
2 Sampic mezzanine will be hosted in
the digitizer board.

The mezzanine has been tested with
our diamond detectors at full speed
(10Gs) and compared with the result
got from an Agilent Oscilloscope at
the same speed.

The result is comparable at the
percent level

Mis e84 2 e s u
L i'mu e st
ri P ® :
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Digitizer board

Very prelim('nary layout

Jihree boards in cassette placed
under HR RPOT close to the
lock distributi n cassette
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The clock distribution

* We are adapting M. Bousonville, “Universal Picosecond
Timing System”, developed for FAIR at GSI.

— M. Bousonville and J. Rausch. Universal picosecond timing system for the Facilityfor
Antiproton and lon Research. Phys. Rev. ST Accel. Beams, 12 (2009), p. 042801
(http://link.aps.org/doi/10.1103/PhysRevSTAB.12.042801 ).

— P. Moritz and B. Zipfel. Recent Progress on the Technical Realization of the Bunch Phase
Timing System BuTiS. Conf.Proc., C110904 (2011), pp. 418-420.

* This system strengths:

— Itis scalable. In principle 128 clocks can be transmitted on a
single fiber.

— |t uses robust industrial standards used for communication on
fibers, like DWDM (Dense Wavelength Division Multiplexing);

— Can be monitored.
— It has been already installed and used.

48


http://link.aps.org/doi/10.1103/PhysRevSTAB.12.042801

Timing Requirements of TOTEM

J-‘ -220m 0 +220m
|

Timing
Detector Bunch Crossing l Collisions

A
Cluster 1 ’ rea -—c/// /

%
A 44

iy

Mﬂafmm#i.ﬂ'upm#l

Timing
Detector
Cluster 2

Position of Collision 1 = f (AL, yisions stopwatchin» Dlcotisions, stopwatch#)
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TMoOTEM

Design Parameters for a Starting Point Provider

> Timing Offset
* Must not be equal
=> |p,-@,| = Ap # 0 1s ok
= But should be constant for small time periods
=> Ap = constant
with a drift tolerance < 1 ps/min
Remark: Agp can be calculated out of the measurements in 10 minutes
> Jitter
= Standard deviation

Oper< 10 ps

50



Design Concept for TOTEM Timing

> System setup

= Configuration of one transmission branch

E transmission :
! fibre i
Starting Point | e AddiDrop | 5 5.2, ‘h i Starting Paint
TOC Clock o TDC Clock
i L |
RN J N S
, s N |
+ transmission unit dreulatar receiver unit |
‘ ¥
i 1 :
i Tx Rx i
| \ / ;
11 e X |2
measurement unit

51



Design Concept for TOTEM Timing

> System setup
= Star-shaped distribution of the starting points to the TOTEM detectors

= with locations

Counting Room =220 m TOTEM Detectors
- e
) e [ aaos ||— 000 | e
i J i
- nsaos [ OO [Cocohwriniz |-+
E ) :
i optical E s 5
I switch i '
[ el 00— ——
E ; p-I reflector i
i (permanent ;
11 calibration) |2
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\Counting Raom)

Transmission Unit Cables

Optical
Electrical

Clock generators

Starting |
point

TDC Clock
provider

Distribution

Optical
Amplifier

Measurement Unit

Modulator DC power &
control unit
Mach-Zehnder
‘ ™M I ‘ Isolator I T ‘ Optical Switch
Frame

Network
Analizer Measurement Optical

Receiver Switch

rcul

ADD/DROP
A2 > Multiplexer
ADD/DROP | _ |
Multiplexer
ADD/DROP
it ]
ADD/DROP
iy

Reflector
(permanent
calibration)

Measurement unit, to be
installed in UCS

Distribution unit, to be
installed in 'JCS

Receiving units, to be
installed in the tunnel

Receiver Unit
Temperature stabilization
Power Supply
for Rx
Faser- m
Brag- _’- arting
AL AL AM > Gitter | DEMulti starting P
DWDM plexer m _____ -
Reflector TDC Clock Temperature stabilization
Power Supply N“;s“pm
for Rx s
et
—% Rx1l ———- -
Brag- Demulti Starting
AL, A1, AM Gitter —»| lexer
N
Receiver Unit Reflector TDC Clock
Power S
—hm Temperature stabilization - ':(pp!y
Power Supply
for Rx
<—hm Faser-
e P e L
AL A AM ->—t Gitter —» 1
o DWDM plexer | [
Reftector TDC Clock Receiver Unit
Power Supply Temperature stabilization
<—Am for Rx Power Supply
for Rx
Brag- l Starting |
21,41, AM Gitter [—» D';:'!'::'
DWDM plexer | | Ax2 ——-—-]
£, TOC Clock
Power Supply
for Rx
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The first test configuration

One receiving unit with one

— signal
\Counting Raom)

Cables
Optical
—-—-- Electrical | | B[ ecewerunit
Clock generstors
Temperature stabilization
Starting | | Power Supply
point i for Rx
- Faser-
i Brag- I \
fEce] | ALAL M > gitter [ DS 2" || e N\ y 4
provider DWDM plexer
Reflector Temperature stipilization
Power Supply
for Rx
Faser-
Brag- \
1,21, AM Gitter —»| D: .
— ARLE \ ]
nnnnnnnnnnnnn e r
—hm Temperature ilization /
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First test Setup
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2nd June 2015

First test Setup
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F.S. Cafagna, LHCC referee meeting
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Diamonds

* A full set of 60 diamonds has already bough
from Element®6.

* Test are undergoing to evaluate the detectors.

— Optical test (defects detection)
— Metallization (Princeton)
— Full electrical test with a source
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Diamonds have to
be cleaned in
advance (cleaning
materials available
in the laboratory)

g Basic iMns

LS
on how tooperate

(still a factor 20 of
magnification available)




~;  Electrical test with a source

(needed by the vendor as replacement condition)

RS

B — — —

RAMP MONITORING

1000+
V-curve

rrrrr

I-V monitor
for one step

¥ A Labview program has been developed to systematically measure the IV curve

Programmable input source

Plateau
monitoring ~ 2h

~
\ Max | sensitivity at

the end of the step

»
»

t

e The full IV curve resulting from a raising V-stair is saved in a file. At 1KV, a good

diamond should have a leakage current of about 1nA




Electrical test with a source

« We have obtained a new stronger radioactive source (Sr-90 - 36.56 MBq) from the RP
« Diamond passing the HV test should have a S/N ratio compatible with the one of the reference diamond

« This source will be also used to make a stability test on the S/N under “high” rates

Collimated Source

(QOSr) .

ciyidec ™

! Diamond Charge Amplifier
| BT > our |E= ——
1 CsA1

@ond under te
Scintillator or
reference-diamond
Trigger

Seral humee: SCHYIIL1

Verification at the uscope that
the metalization is not ruined
by the metallic contact:

cividec




Conclusions

The TOTEM diffractive physics program, in order to get rid of the
pileup at higher luminsity, requires a time of flight measurement of
the scattered protons.

The time of flight measurement of the protons impinging in the
Roman Pots area with a time resolution of 50ps, together with the
improved track measurement allows to reach moderate
luminosities with a pileup of the order of u~1.

We have developed a detector based on diamond sensors with a
special front-end electronics that have a time resolution from 80ps
to 110ps depending to the pixel capacitance.

We are in the process to build a full timing telescope with 4 layers
that will be installed between 2015/2016.

Next year we will request a special high beta run with the largest
bunch intensities and ~1000 bunches to fulfill our physics
requirements.
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Backup
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Present design (rectangular housing) in the “garage” position
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The PCB Design

* 4 layers on RO4350B/R0O4450F

TOP — ground plane + microstrip layer + components — RO4350B 0.508 mm

IN2 — striplines + ground plane > m—

) 3x RO4450F 0.102 mm
IN3 — low impedance ground plane >

—

BOTTOM — power distribution + HV + auxiliary traces — RO4350B 0.250 mm

e Layer stack allows us

10 mil offset striplines as 50Q) signal traces
29 mil microstrips for 50Q
Highest impedance 5 mil, near 150Q microstrips (diamond)

* Board layout and transmission block placement

Preamps — near the diamond as possible

Main amps + attenuators — in configuration 2 x 6 under metal box
Shaping amps —in configuration 3 x 4 under metal box

Voltage regulators — not on the board (lower power loss and board heat)
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%‘ The Sampic Chip

" Internal discriminators on all channels (with
indiv. thresholds).

“ 064 fully recorded samples (no dead zone).

“ High bandwidth design.

“ Reset before write (ghosts pulses remowal).

“  Gray code ADC conversion (limitation of
metastability errors).

*  Wide sampling range (Fast and Slow DLL
modes).

“  Fully configurable by serial link.
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