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Physics motivation

The PPS detector (previously-EFS, CMBOTEM Precision Proton Spectrometer) extends the physics
program of CMS to Central Exclusive Production (CEP) processes, where both protons remain intact after the

interaction.

DE® bda 8a b (4= large rapidity gap)

A DHepton central (semi)exclusive productic

A CEP of top quark pairs

A LbyLscattering with proton tagging

A Missing mass searches for BSM physics
A Anomalous quartic couplings

A X

PPS can measure the proton kinematics; in conjunction with the information from the central CMS apparatus, the

full event can thus be reconstructed.

Reconstruction of mass and momentum of the central system X can be carried out from the proton information
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(0 0 x./, , i,where, isthe proton fractional momentum loss) and compared with the central CMS

measurements for background rejection.
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PPS detector in Run 3 S0
Symmetric experimental setup w.r.t. the interaction point to detect leading protons
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ROMAN POTs
A Standard RP units composed of 3

Roman Pots (RP) with box housing:
vertical (used by TOTEM), 1
horizontal (used by PPS)

1 additional horizontal RP on each
arm with cylindrical housing used as
timing station

Hosted detector brought to few mm
from the beam

RP infrastructure from TOTEM

-

hor 1zontal RP F

Detectors operate in a secondary vacuum

PPS RPs inserted Ay _ 1+ 0.3 mmX( 1.5 mm)
from the LHC beams
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Very high noruniform irradiation field,
with apeak of 5x p/"Hi

Several technologies in use during Run 2, for bo
timing (singleside & doubleside diamond, LGAD)
and tracking (Sstrip, 3D pixel) stations.

Sensor for Run:33D pixel (tracking) & doubkd

e Diamond (timing)




Proton reconstruction: basic concepts CMS %5
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Optical function (L,, Ly, )

Hit distribution on detectors determined

LHC magnet lattice RP stations by the optics> With standard optics
(PPS running scenario) only horizontal
W (&5 hh—=h-=h ) > By Gih—h—h ) RPs are needed, with verticals used onl;
-(i ) “Yih | 4 for alignment.

Average number of interactions per bunch The solution relies on the measuremerb® time-
crossing ) in 2018 i ¢ & of-flight of the two protons in the two sector. The
Beam longitudinal dimension* & cm difference can be used as a measurement of the
(~250psin the time domain). ‘ longitudinal position of the interaction vertex:

Tracking system cannot reconstruct the . B B
primary vertex of detected protons. W S



Timing detectors

PPS timing detector requirements

U Time precision < 3fson MIP.
High efficiency for MIP detection

c:

Area covered by

tracking station — ——F+—

i High radiation hardness (uptou ¢p m p/ A for 100

/A , highly non uniform)

U Low density/thickness detector (to fit more planes inside
a RP and reduce shower probability)

U Segmentation needed to avoid multiple hits on same pad timing station
U Detector must operate in a vacuum

PPS timing sensor based on ultra
pure single crystal CVD diamonds.
Each crystal has dimensions
4.5x4.5x0.9 | , with a total area
coverage 801 |

Main intrinsic signal characteristics:

A Fast rise time (no gain, feps)

A Very low noise (nA) A Noise
dominated by preamp input stage

A Low signal 1fC/MIP

A Electron/hole mobility nearly equal
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PPS diamond sensors Cms | &5

CR-081547
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U Detector segmentation, optimized to reduce number of channels while keeping multiple
hit probability low, is carried out in the metallization phase, with multiple pads created on
the same crystal surface.

U Crystals are glued to a custom hybrid board. 12 discrete
amplification channels, with a design adapted from the HADE
collaboration, are available on each hybrid boardN[ST 12
(2017) no.03, PO30Q7

U Pads are directly connected to paenplifier input to reduce
input capacitance (0.2 pF with 0.2% m bonding wire
diameter).

U Conformal coating is applied to sensitive areas to reduce HV
discharges in vacuum (nominal HVt 00 V)


https://iopscience.iop.org/article/10.1088/1748-0221/12/03/P03007
https://iopscience.iop.org/article/10.1088/1748-0221/12/03/P03007

Diamond hybrid board

CR-081547 |

To be updated (TREC)

Shaper
2XBFG425 Si BJT matched

amplifier for shaping the
signal

Amplifier.
Monolithic microwave integrated

circuit ABA53563, near linear
phase, absolute stable amplifier

CMS

12 discrete amplification channels, with a design adapted from the HADES
collaboration, on each hybrid boardINST 12 (2017) no.03, P03p07
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https://iopscience.iop.org/article/10.1088/1748-0221/12/03/P03007

Double Diamonds (DD) CMS

JINST 12 (2017) no.03, P03026
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Signal amplitude comparison between DD and SD
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Time difference distribution between DD
and reference MCR ;X tTIn i)

Signal from corresponding pads is connected to the same amplificat
channel:

A Higher signal amplitude

A Same noise (pramp dominated) and rise time (defined by shaper
A Higher sensor capacitance

A Need a very precise alignment

Better time resolution (factor 1.7) w.r.t SD



https://iopscience.iop.org/article/10.1088/1748-0221/12/03/P03026/meta

Run 3: main detector readout
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Run 3 : full system CMS
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new in run 3

Secondary readout available: sensor readout with SAMPIC (not the latest version) chip (fast sampler operated in PP
7.8 Gsds) available for commissioning phase and sensor monitoring (cannot sustain hit rate at nominal luminosity,
above 1 MHz/channel).



