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|.Introduction
Symmetric experimental setup w.r.t. the interaction point to detect leading protons

The PPS detector extends the physics program of CMS to
Central Exclusive Production (CEP) processes, where both

.. ) : Run 2 lavout Tracking Timing Tracking
protons remain intact after the interaction. CMS central detector 4 . %
: . == LHC sector 56 & e Fa
The primary vertex is reconstructed by means of the protons LHC sector 45 = JI”.- e, Mo B s s i oS
time of flights difference in the two sectors (Zpp = cAt/2), h = '|||-I-- e e =L e (e
providing pile-up background suppression. Goal is ~30 ps ———

precision per sector on MIP, with particle rate above 1 ROMAN POTs
MHz/channel. Detectors are hosted inside Roman Pots (RP), . _

Timing RP(4 detection planes/station): movable vacuum insertions which bring the .Very.hlgh ngn-umform

in 2018 each station was equipped with 2 single- (SD) and 2 detectors at 12 Opeqm+ 0.3 mm (~1.5 mm) |rrad|at|on1:|eld, W'Zth a peak
double-sided (DD) diamond detector planes [1]. from the LHC beams, in a secondary vacuum of ~5x107> p/cm® in Run 2

2. Double-sided Diamond detector 5. Run 2: efficiency

The timing system was operated @LHC in Run2. Best performance (section

= 5-6) was reached in 2018, limited by instabilities in amplification and HV
-~ .j‘@//r»/-:»f/ discharges induced by the beam, forcing to operate below nominal bias
> and amplification level.
|—— l b,
A * The time-track efficiency in low pileup data from July 2018 is near 100%
R —  The evolution at the end of Run 2 (October 2018) shows a degradation of
250 ps after Msf Signal from corresponding pad s the fefﬁciency. Later in'vestigation in test bea-m shows that full efficiency is
- MCP resolution G wssu| connected to the same amplification retained when operating the sensor at nominal voltages|[3].

channel:

* Higher signal amplitude

 Same noise (pre-amp dominated)
and rise time (defined by shaper)

* Higher sensor capacitance

~ deconvolution[1]
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Systematic lower efficiency is only visible in the regions between two
crystals, not between pads on the same crystal .

Time difference distribution between Better time resolution (factor ~1.7)
DD and reference MICP (o pycp~40 ps ') W.r.t single diamond|[1]

3. Front End Electronics
6. Run 2: performance

Shaper: e Vertex resolution checked in central exclusive events collected in low
e 2xBFG425 Si BIT R O pileup conditions[4].
i matched amplifier s ouT CMS Preliminary 2018 (u = 1) : ; o . _
for shaping the signal . A s High resolution tracks (hits in all planes):
Nt Clas T 70:_ | —— Total fit O-pr — 1-87 i 0.21 ciIn
603— «wss= Signal component
Amplifier: 0 - senicomeent) | Al timing tracks (hits in at least 2 planes):
R 3 E Ozpp = 2.77 £ 0.17 cm
MOnOhthcle m'crf)WA;\f Pre-Amplifier: 4Of
integrate CIF.CUIt - stage BEP840 SiGe o . o | |
53563, near linear phase, BIT with low-C 2ob E Timing information can be used in
absolute stable amplifier feedback (~0.4 pF) o E physics analysis to suppress pile-up
' : y background.
) . ] ] %0 <15 -0 10 15 20
Each plane: 12 discrete amplification channels with Zers, mng ™ Bt (O
pre-amp @ 1mm from crystals[2] Correlation observed between the time difference of the protons and

the longitudinal vertex position reconstructed in the central CMS tracker

4. PPS timing system 7. Run3 Upgrade & perspective

Sensors+Amp|ification Discriminﬁtion Readout MotherBoard LHC beam (1 sector) already in run 2
. | NINO chi : i =
4 planes per station | ( P) with HPTDC ; = e A
é = Readout MotherBard : 1+1 1 I i I PPS timing mezzaDn(me —
2xSD + 2xDD (2018) g £ | * Additional timing station in each P tmir = :
- nmo || wino 48 HPTRC {caum) sector, equipped with 4 DD planes | — | . < ]
 — HPTDC @E ) R = Oitzerboard [ s
=31 | Lo ] [ channels || [emc Wit | * New hybrid & NINO boards -> 8 > [
= HPTDC oprear | f] amplification stability and HV | ppsiiming o I . |T]
HPTDC mezz, (c'_;'ng) ¢=> ) ) ) ) - | station2 fidy TOTEM/UFSDiin run 2 }
. 2€ nterface ; isolation improved +signal splitting (| gt ]
NINO Board (x2) i i --—> — :
- ~1m from the beam pipe for secondary readout | |
Input charge NINO output R | 0n) “|'|_‘Z
5 30% loss in time * Sensor readout with SAMPIC chip (fast sampler @ 7.8 Gsa/s) possible
) > ~ o L] . ] ] ]
Q k | w=r© . for commissioning phase and sensor monitoring. Successfully used as
precision due to the CMS-TOTEM timi dout f ial run in 2018[5]
_ _ - iming sensor readout for a special runin
TOT =t4-t; = k+f (Q) Ly Lt readout & P
(leading) (trailing)

Time precision <30 ps on MIP is the final goal
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