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The CT-PPS - now PPS - project

————~ = Approved in Dec. 2014 by LHCC and CERN Research

CMS-TOTEM

Board as common CMS-TOTEM project
(CT-PPS - CMS-TOTEM Precision Proton Spectrometer )

Since April 2018, CT-PPS is a standard
component of CMS, with name PPS

The main goal is to study central exclusive production (CEP) processes:

X = high-E; jets, WW, ZZ, yy ...

pp2>pXp

FIRST PHYSICS RESULT, JHEPO7 (2018) 153
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The experimental strategy
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= High mass system (X) detected by the CMS central detector,
scattered protons detected by PPS

= Requiring the momentum balance between the central system and
the detected protons creates strong kinematical constraints

= Cenftral system mass is measured via the momentum loss of the two
protons

M, =./s"§ &, &: fractional momentum lost by the proton

, Measurements to be performed in standard LHC high luminosity conditions
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The Precision Proton Spectrometer

The Precision Proton Spectrometer has been designed for measuring the
scatitered protons on both sides of CMS.

PPS

RP220 RP210

PPS

Q4 RP210 RP220

===~ R DL === <[]

— Sector 45 (left arm) -

v LHC magnets used to bend protons.

v Tracking detectors, to measure the proton momentum, and timing
detectors, to disentangle pile-up, located at ~ 220 m from CMS

v Detectors as close as possible to the beam axis, to maximize acceptance
for low momentume-loss protons - located in Roman Pots (RP)

Main challenges

= Operate as close as possible to the beam line (~1.3 mm from the beam
axis) without preventing LHC stable operation

Run detectors in high radiation environment (proton flux up to 5 10'°/cm?)
Cope with high pile-up of standard LHC running (~38 average PU events)
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PPS timeline

Data taking in 2016, 2017 and 2018 with different detector configurations

Integrated Luminosity 2017

50

CMS-TOTEM Prelimina ry
M. CMS delivered (/fb): 49.98
fo): 45.14

Exploratory Data taking within CMS . /=====s
phase Strip+Pixel+Diamonds+UFSD -

2015 2017

RP not inserted

10

0
o © \ \ 3 o o 0 S
P SN\ PN S AU Lt L e | LR Lt
Date (UTC)

2014 2016 2018
Project Data taking within CMS Data taking within CMS

approval Strip (+Diamond) Pixel+Diamonds

LHC 2016 RUN (6 5 TeV/beam)
45 Integrated Luminosity 2018
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~100 fb-! collected in the entire LHC Run2



2016: "accelerated program’ configuration

TOTEM tracking and timing detectors installed in Roman pots (RP):
= 2 horizontal pots at 203 m and 214 m for tracking
= | horizontal pot at 216 m for fiming

Collimator (TCL4) to suppress Cylindrical RP for timing detectors to reduce impendance
Qé debris from RPs and increase available space

1 new horizontal pots
for timing

T,

Diamonds

2 horizontal pots
for tracking

RP equipped with
Faraday cages (RF
shields)

v Ability to operate close to the beam-line at high luminosity proved
v 15 fb! of data @ s = 13 TeV collected > JHEPO7 (2018) 153
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2017/ towards “design detector configuration”

Roman pot stations (per arm):
= 2 horizontal at 213 m (silicon strip) and 220 m (3D pixel) for Tracking

= | horizontal at 216 m for Timing (3 diamond planes,1 UFSD plane)
STRIPS

CT-PPS ran at
12 6pegm*0.3 Mm
distance from the beam
(Minimum distance: ~1.3 mm)

defocusing
quadrupole
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2018: design detector configuration

Roman pot stations (per arm):

= 2 horizontal at 213 m and 220 m (3D pixels) for Tracking

= ] horizontal at 216 m (2 single + 2 double diamond planes) for Timing
3D PIXELS

SINGLE+DOUBLE
DIAMONDS

3D PIXELS

CT-PPS ran at
12 6pegm*0.3 mMm
distance from the beam
(Minimum distance: ~1.3 mm)

defocusing
quadrupole



DETECTOR TECHNOLOGIES USED IN PPS




Tracking detector - Silicon strips

10 planes of micro-strip silicon detectors per RP
= 512 n-in-p strips per plane, £45° orientation

Thickness: 300 um - Pitch: 66 um

Edgeless technology: 50 um inactive edge

Track resolution ~10 ym

Lifetime: up to 5x10'4 p/cm? integrated flux

Binary readout provided by 4 VFAT2 (128 channel each)
located on a flexible circuit connected to a motherboard

SIMULATION 2016 DATA
Eso T . ——

T . TOP

10

CMS+TOTEM Preliminary 2016, V5 =13TeV
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Tracking detector — 3D pixels

3D sensor technology chosen for its infrinsic high radiation hardness and
the possibility to implement slim edges.

= Sensors read out with 4 or 6 PSI46dig ROC:s,
depending on the sensor size

upgrade.

~ = Mechanics and cooling adapted from TOTEM
tracking system.

12



Tracking Detector - Silicon 3D Pixels

CNM

v 3D sensors produced by CNM: double side process
with no passing-through columns

Pixel area 100x150 pm?
Sensor thickness 230 um
CO|Umﬂ dep-l-h 200 “’m oxide [ metal B passivation
pSi [l ppoly-Si M n"poly-Si [ ] p'Si
Column diameter 10 um

v' 200 pm slim edge made of @
triple p-type column fence

1E 2E CNM_CT_PPS_11_4: Efficiency Edge Left Bias 40 V
4 S— a T

v" 1E and 2E electrode configuration

1 N i H H—]

efficiency
|

¥ :
~90 p& H  ~62.5 um\ osl

In RP sensors: 02l

T

= are filted by 18.4° to increase the charge ol
sharing and improve resolution

* run at -20°C and in a vacuum :
(o < 20 mbar) -

100 pm
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Tracking Detector - Electronics and mechanics

g v Modules wire-bonded to RPIx
" RN -
ol [T flex hybrid connected to the

J AL .
é}} RPix portcard.

v The portcard interfaces the
front-end electronics with the

" detector planes
iR 4

‘*- v' Same front-end boards for

data (FED) and control (FEC)
as Phase | CMS pixel tfracker

14
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T|m|ng De’rec’ror— Single D|omonds

Four 4x4mm?2 diamond sensors per plane
with different pad patterns

\I\I‘H\Il\\HlHI\' Hl‘l\\l[\l\\l\ll\l

i) 1f “\ J"\ \ ’ \ .
2018
Intrinsic radiation hardness: up to 5 10’ p/cm? integrated flux
= Time resolution: ~ 90 ps !
Oy =91 ps G
(HV=500V) Con wolln (beam test measurement)

Sgma 01297 £0.0028

Sensors tested in 2018 in the LHC tunnel after
L+ ~ 60 fb'! (2017+5 weeks in 2018)
- Measured time resolution compatible
with test beam results

15
AT (ns) [1] G. Antchev et al.,JINST 12 (2017) PO3007 15



Timing detector - UFSD

1 plane per RP in 2017 - First installation in HEP

= 50 um thick sensors produced by CNM

Eight 0.5x6mm? pads, four 1x3mm?2 pads

32 channels (12 read-out)
Gain~ 15
Slim edge of ~200 um on side A

V pae = 200 V, Gain ~ 20

104 Entries 43164
= Std Dev 0.03743
C Constant 6952
10° Siomn 0.68706 Bl
0 -
_‘.0:: 1025_ O'TSIPM not
Iﬁ = subfracted
10 Time resolution ~ 35 ps B!
e ool AT 1 [3] N. Cartiglia et al., NIM A 850 (2017) 83
0 0.2 0.4 0.6 0.8 1

t(UFSD) — t(SiPM) [ns]
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Radiation hardness: in RP environment (T > 30°C) lifetime < 10> p/cm?

16
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Timing detector —

Double-diamond planes (2018 only)

Two scCVD sensors installed back to back
and connected in parallel to the same
amplifier channel

8 AmplitudeSEL_Ch0
I 0.006 Entries 8191
w Mean 1.029
RMS 0.144
0.005 AmplitudeSEL_ChoO |
Entries 5777
Mean 0.6751
0.004 RMS 0.1925
— Single Diamond
0.003 ]
—— Double Diamond
0.002
0.001

[
00 05 1 15

2
Amplitude (V)

Time difference distribution between double diamond detector and MCP

PreAmp

M‘;;ﬂ;//j/

— ~8 mm

Double diamonds

Time resolution: ~50 ps 2
(measured in beam fest)

Sensors tested in 2018 in the LHC tunnel
after ~5 weeks of data taking (L ~ 20 fbo ')
- Measured time resolution compatible
with test beam results

| Entries 217 |
100 L Mean -2.824
RMS 0.08223
® / ndl 59.02/49
r Prob 0.1547
80 Constant 84.33+244
b Mean -2.836 + 0.001
- Sigma 0.06162 + 0.00116 |
60—
40—
20
Y PN PP PP B AP A N, TN N PO
-3.8 -3.6 -3.4 3.2 -3 2.8 2.6 2.4 2.2 -2
AT (ns)

[2] M. Berretti et al., JINST 12 (2017) P03026
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Timing detector read-out

Same read-out chain for single and double diomonds:
= Triple stage amplification with TOTEM hylbrid 3]
= Digitization with NINO chip! + HPTDC!

Plane 1: Single diamond ~ 4 NINO chip on each channel 4 HPTDC chip on each board |
Plane 2: Double diamond ; __ :
Plane 3: Double diamond § etierboard Slow :
control < :
Hybrid B NINO NINO HPTDC GO E
board r—;’ )3> 0 N ﬁ :
§ % g M : | > HPTDC | Fron < >
Ew > NINO NINO 64 channels HPTDC oF2) |
X4| K E ﬁ
S HPTDC Optical | : .
| 64 individual HPTDC mezz. Ll R : Y
connections 12C Interface " (GOH) 3
: NINO Board (x2)
[
Inside RP i ~1m from the beam pipe CR

Detailed study of the time resolution of the entire system with LHC data
ongoing
[3] TOTEM Coll., JINST 12 (2017) PO3007

[4] F. Anghinolfi et al., NIM A 533 (204) 183
[5] M. Mota and J. Christiansen, IEEE JSSC 34 (1999) 1360

XE M.M.Obertino - Universita e INFN Torino - Vertex workshop 2018




PPS DETECTOR PERFORMANCE
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Total Integrated Luminosity (/fb)

Data taking

CT-PPS collected:

= ~ 88% of the full statistics recorded by CMS in 2017
- ~ 40 fb-1 with RP data

= ~ 93 % of the full statistics recorded by CMS in 2018 (till TS2)
> ~ 46 fb-1 with RP data

Integrated Luminosity 2017 Integrated Lum|n05|ty 2018

60
CMS-TOTEM Preliminary CMS TOTEM Prellmlnary
EEE CMS delivered (/fb): 49.98 Il CMS delivered (/fb): 51.89 CMS Onllne LumanSI’ry
mm CMS recorded (/fb): 45.14 B CMS recorded (/fb): 48.90
EEm RP recorded (/fb): 39.52 50 -{mmm RP recorded (/fb): 45.63

50

CMS Online Lumlnosﬂy

MD+
1S2

40
€
2 a0}
(%]
30 2
£
3 . MD+TS1+
j5 high g run
20 TS1 5
g
€ 20}
RP not inserted ,g
10 =

10

\

1&\0‘) .\b.\ob 05\6‘ 1@\01 .&b\oﬁ Qp\oq 11\09 .\%\\‘0 05\'\\

0
B © © © A A ve) >
e 0&\06 PSS LAY N L APEN LN NS APV SN

Date (UTC) Date (UTC)

TS = technical stop MD = machine development
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Tracker performance: hit residuals

Hit residuals for single planes are evaluated with respect to the local tfrack

reconstructed in the Pixel RP

X107 Hit residuals
~CMS-TOTEM Preliminary for single
140 plane
120 2017 DATA
100
80
c=17 ym

60

40

20

III|III|II||I|||I|||||||||l||

L
0.1
Residual [mm]

|
o
—
o
o
o
o
o
o

The pixel fracker works as expected

= Residuals are consistent
with those obtained at
the beam tests

= Similar results in 2018

21
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Tracker performance: efficiency (2017)

Efficiency based on tracks reconsiructed within the same tracking station

SEC45 220F Efficiency map - 0.6 fb™ after TS2
CMS-TOTEM Preliminary 2017

10

1 =2017 DATA
=SECTOR 45

y [mm]

0.8

0s  Similar results for
detectors in
04 sector 56
(but lower dose)

2
0

INEFFICIENT
AREA

0.2

Overall very good performance - average efficiency: ~98%

- Inefficient area (~ 1.5x0.2 mm?2, ~ 15 pixels) caused by the
radiation damage of the read-out chip

22
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Radiation effect on the ROC

The PSl46dig chip not optimised for non-uniform irradiation
—->Non-uniform irradiation causes a difference between the analog
current supplied to the most and the least irradiated pixels.

BX+1
Low irradiated pixel

High irradiated pixel

-~ PIXELS NOT RESPONDING IN THE

SAME 25 ns CLOCK WINDOW (BX)
Threshold

v Irradiation studies performed before installation at LHC showed that the
effect appears after an irradiation corresponding to a collected Ly ~8 fb-

(expected dose rate in the tunnel ~ 1.61 Mrad/fb)

v To mitigate the impact on the data quality, the tracking stations lifted
during Technical Stops to shift the occupancy maximum away from the
damaged region.

23
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y [mm]

y Imm]

Tracker performance: efficiency

SECA45 220F Efficiency map - 0.6 fb™ after TS2 SECA45 220F Efficiency map - 4.0 fo™' after TS2
CMS-TOTEM Preliminary 2017 CMS-TOTEM Preliminary 2017

=]

PIXEL DETECTOR EFFICIENCY
VS INTEGRATED LUMINOSITY
=2017 DATA
=SECTOR 45
=“AFTER TS2" ERA

y [mm]

- IN 2017-1S2 TRACKING
STATIONS RAISED BY ~ Tmm

1 | 1 |
o o e N =] N o o ™

y Imm]

x [mm]

In 2018:
= same strategy to cope with irradiation problems
- tracking RPs moved twice (during TS1 and TS2) of 0.5 mm
= preliminary efficiency studies performed constantly o have a
real-time monitoring of the detector performance
- overall average fracking efficiency of above 98%

24
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Multi-track capabillity of the

Number of tracks
reconstructed by the
pixel detector as a
function of

Pile-Up (PU)

Percentage

Similar plot for sector 56

-y
o
o

w
o

IIH]IHIIIlll]l”lllIII]IIIIIIIIIIIIH

3D pixel detector

CMS-TOTEM Preliminary 2017

Sector 45

Smgle track

=-
g
o 7

Illlllw

Percentage of 0 track events
Percentage of 1 track events
Percentage of 2 track events
Percentage of 3 track events

Percentage of 4 track events

Percentage of 5 and more track events (showers)

Two tracks
rs _—

CMS AVERAGE PU IN 2017-18

v More then 20% of events with multi-track in standard data taking

conditions

v The increasing number of multi-track events with pile-up clearly shows the

advantage of a pixel detector with respect to a strip one
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Only few dead channels in both 2017 and 2018
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Timing performance

Good correlation between tracks measured in the Pixel and the Timing
detectors (both in 2017 and 2018)

sector 45

. All single tracks : .
. Tracksgwith all diamond planes fired Plot produced with 2017 low pile-up data

(<PU> ~ 0.8)

Data sample selected by requiring
= qasingle vertex reconstructed in CMS
= qasingle track per arm in pixel detector

o = qasingle track per arm in timing detector

IIII|JIII|IIII|IIII|IIII

| 6|O 1 | | | 6|5 | | | 1 70
[mm]

X

pixel track

Blue points: all events passing the double arm selection

Red points: subsample of the previous selection, in which all diamond
detector planes fired, with a single hit per plane

Efficiency of diamonds evaluated with tracks reconsiructed by 3D pixels:
> 90% in 2018 after TS1

fCNE M.M.Obertino - Universita e INFN Torino - Vertex workshop 2018
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PPS prospects for LHC-Run3

PPS will operate as a full CMS subsystem in LHC-Run3 (2021 - 2023)
=2 LHCC endorsement in summer 2018

EXPERIMENTAL APPARATUS:

2 horizontal RPs per arm for fracking

= New 3D Pixels: 2x2 sensors, 150 um thick, 2E configuration,
single side technololy (similar to 3D pixels produced for the
Phase-2 R&D)

= PROC600 ROC (same as layer 1 of the CMS pixel detector)

= New detector package with internal movement system, to better
distribute the radiation damage

- Five position spaced by 500 um, possibility of handling
up to ~50 fbo! with minimal efficiency loss

2 horizontal RPs per arm for timing, with separate cooling
= Double diamonds and/or UFSD (under discussion)
= Optimized read-out electronics

28
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Conclusion

v PPS fully integrated in CMS since 2016

v ~100 fb-'recorded at 13 TeV with Roman Pots
inserted and PPS detectors operating on both
arms

~39% of CMS total recorded luminosity in 2016

~88% of CMS total recorded luminosity in 2017
~93% of CMS total recorded luminosity so farin 2018

v PPS regularly taking data in high-luminosity fills with the design detector
configuration since the beginning of 2018:
= 2 horizontal RP per arm for tracking with 3D pixel detectors
= | horizontal RP per arm for timing with single and double diamond
detectors
Smooth data taking and overall very good performance

v 2018 Detector performance studies and Run2 data analysis in progress

v' Preparation for Run3 started

29



BACKUP SLIDES
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Experimental Apparatus and LHC Tunnel

e
|

e — RP for

- fracking .
RP for (214m) =

timing =+
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Roman Pots

RP for tracking stations

RP for timing stations

Each station includes 3 RPs

Only one inserted
for high lumi runs

-

upper vertical pot tp

Tracking RPs equipped with a thin

window

150 um thick toward the

Cylindrical RP specifically designed
for PPS to reduce the impedance and
host larger detectors.

Equipped with a 300 pum thick window
towards the beam (thickness required
to compensate the pressure gradient
on the larger window).

No vertical stations, alignment done
by propagating tracks from the

tracking stations.
32
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Experimental Apparatus

CT-PPS ROMAN POTS

IP5

Proton position and angle
measurements, combined with the
beam magnets, allow to determine
the momentum of the scattered
protons

= Position resolution of ~10 um
= Angular resolution of ~1-2 yrad
— Ap/p ~2-104
Mass resolution: ~5 GeV/c?

078 m Sector 56 (right arm)

Proton timing measurement from
both sides of CMS allows to
determine the primary vertex,
correlate it with that of the central
detector and reject pile-up

= Time resolution ~20 ps
— Vertex z-by-timing: ~4 mm
C
Vz = zait

| ov ~4mm

O

5cm

» W
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Tracker performance: efficiency (2017)

The pixel efficiency calculated with the tracks reconstructed within the
same pixel station validated with tracks reconstructed in the sirip detectors.

yImm|

y [mm]

| | | |
o o & 3 = N & o o

| | | |
o 5 & N = N & o o

10

a

=]

|
=]

SECS56 220F X-Y Pixel Track map SEC56 210F X-Y Strip Track map
CMS-TOTEM Preliminary 2017 ——

CMS-TOTEM Preliminary 2017

L LN LN LAAN LN AN LALE RARE LAAN R

: TRACK MAPS IN PIXEL AND STRIP
. DETECTORS

S| R

SECS56 220F Efficiency based on pixel tracks
["

AR LA RARS LAAN LR RARE RAR RARR L

y[mm]

PIXEL DETECTOR EFFICIENCY
BASED ON TRACKS
RECONSTRUCTED WITH THE
STRIP DETECTOR

| | 1 |
(- T S - = O S N - Y
T T

P | R | P

1
o

1
£ 10 15 20 25
x [mm] x [mm]

(=]

= Study carried out for a LHC fill with the timing RPs out

Efficiency calculated with the requirement of at least 15 entries per
bin (~ 1 pixel cell) to avoid fluctuations due to low-statfistics
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TOTEM experimental apparatus

CMS-TOTEM — Low Luminosity , high * special Runs (low PU)

= 2 vertical pots with Silicon Strip planes for Tracking

= 1 vertical pot with UFSD planes for Timing
STRIPS I )

STRIPS

J1e L RP210
far

RP220
near

F &  DRAWING OF RP UNITS AT 210 m AND 220 m
Cylind-
rical

Only one inserted .., .. cai pot
for high lumi runs

-

defocusing
quadrupole
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TOTEM experimental apparatus

CMS-TOTEM — Low Luminosity , high * special Runs (low PU)

= 2 vertical pots with Silicon Strip planes for Tracking

= 1 vertical pot with UFSD planes for Timing
STRIPS I )

STRIPS

CMS-TOTEM Preliminary 2018
CT-PPS Strip Si 210F_tp

defocusing
quadrupole

CT-PPS Strip SEC45 210F bt

TOTEM strip detectors used in
dedicate run to align PPS RPs
with respect to the beam
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RP Detector Alignment Run

The alignment of RPS among themselves and with respect to the beam
done in dedicated low intensity run where all (horizontal and verfical) RPs
approach the beam.

A 3-step procedurel!l developed and extensively used by TOTEM is applied

56

= o Vananas elastic peak axis
= | e I . I y I f |
%"“ BLM | . 4+ T R -
gl,“ 2 -
- A AT 0r -
-2 - -
1. Allgnmen’r wrt the collimators [ agpoes

2. Relative RP alignment R

¥y (mm)

X (mm)

3. Global alignment wrt the beam

For each physics run the RP position is determined by comparing the
measured shape of the distribution of the track-impact-point x with the one

,» Obtained in the alignment run.
: [1] CERN-TOTEM-NOTE-2017-001/002
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2017 data taking - Alignment

Roman Pot relative and global alighment

y (mm)

CMS-TOTEM Preliminary 2017
io¥a o 45-210-fr
o

CMS-TOTEM Preliminary 2017
| T

y (mm)

= Black line: axis of elastic hits
= Orange line: fit and
: extrapolation of hit profile in
2P Y am the horizontal RPs
= Cyan point: intersection of
black and orange line,
estimate of beam position

y (mm)
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2017 Data - Silicon Strips

CT-PPS DQM Plots from 20-21 May 2017 Alignment Run

—  re———

cipps_ir_strip_45_220_fr_tp clpps_tr_strip_45_210_f_tp Cipps_tr_strip_56_210_F_tp Cipps_ir_strip_56_220_Ir_tp

‘ Sector 45 Sector 56

TOP VERTICAL POTS

HORIZONTAL POTS

x ] = N
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Roman Pot insertion

> The insertion of Roman Pots inside the LHC beam pipe is a delicate
procedure that needs to be tested and approved by the machine

> The minimum distance of approach to the beam dramatically affects
the detector acceptance and therefore the physics reach

> |n 2016 CT-PPS ran at 156peqm from the beam in nominal runs at the
maximum available luminosity

> |n 2017 and 2019 CT-PPS ran at 126peqm + 0.3mm from the beam to

reach ~ same kinematic coverage asin 2016
(minimum allowed distance from the beam is 1.5mm)

515_
s [ E=01
of N\
To be monitored during the runs Jf : Detector acceptance
~. beam losses/showers and i in 214 m RP (X as of
interplay with collimators of CMS) from CT-PPS TDR
“. impact on impedance : . [ TOTEM-TDR-003,
heating N " I\| CMS-TDR-13]
vacuum stability i iy /
beam orbit stability oo £=0.05 =003  20c

-18 1
30 -25 -20 15 -10 -5 0
X(mm)
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N
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2016 RP acceptance
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> 7

215

o

ox/2 =185 urad

B*=0.4m

-0.5

ROSSING ANG

> 2"/3 —

LHC 2016 RUN (6.5 TeV/beam)

Ll 11111]/!!11

| | PRELIMINARY

-1.5

387 10°

Data collected with:

= Silicon Strips only: first 12.5 fo!
= Silicon Strips & Diamonds: last 2.5 fbo-

B

—o— ATLAS 38.959 fb '
—— CMS42.112fb"
—0— LHCb 1.879fb '

—0— ALICE 13.393 pb ™'

Alll 11

AAALL

Single arm, (1 pot

| Sngie >

1950

M [GeV]

M?

- Minimum distance of approach to the beam: 156pcqm

Delivered integrated luminosity (fb!)

0 Apr

m CT-PPS

e

M " Jul u pOct Nov
Month in 2016

41



201/ RP acceptance

In 2017 Roman Pot operation foreseen at 4 crossing-angles
= ay/2:1580, 140, 130, 120 urad

— CT-PPS kinematic acceptance strongly affected by the LHC optics

N

ay/2 =150 prad

ayx/2 =100 prad
B*=0.4m

—_
9,

llllllllllllllll'\ /lllllllllllllll

Rapidity y

AR

C 5
-2 e ]
10°
M [GeV]
309 381 768 1924
Gain from 220-F 852 203 588 1716

684
Minimum distance of approach to the beam: 126pegm + 0.3 Mm

H M.M.Obertino - Universita e INFN Torino - Vertex workshop 2018




2018 RP acceptance

|
> 1 P rrrrrr I T rrrre 1 lllllll‘ I rrrry 2
> ' 2018,:1;3Tev 4 > °F i
o) a/2=130prad - © [ B~
5 i | BisE N
o - u N
" 1 -

No acceptance
Single arm, |1 pot
Single arm, 2 pots

=

] Single arm, |3 pots -1.5
Double arm| partial _
l l Double arm| 2+ pots/arm
_10 1 11 1101l 1 1 111111 1 11111113 1 11 1 1asul _2 |
1 10 10° 10 10* 10°
M [GeV] M [GeV]
307 307
2320 2320

||1|111|l|lllllll

IIIIIIIIIIIII
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Percentage

Py

Multi-track capabillity of strip detector

CMS-TOTEM Preliminary

A =
D — - - - - -
¥ 8 Sector45 Strip efficiency limited by
- eclor .
- large amount of multi-track
50— events due to the high pile-up
40—
2 - Run; Nw nches * crossing angle
I L] Run 297219 ; 2029b ; xa = 150urad
- Run 297219 ; 2029b ; xa = 120urad
20 . Run 299593 ; 2556b ; xa = 130urad
— Run 299649 ; 2556b ; xa = 150urad
10 :_ Run 300459 ; 985b ; xa = 150urad
— Run 305902 ; 1868b ; xa = 150urad
0 b_l 11 1 l 1 11 1 l 1 1 L1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 [ 11 1 1 l 1 11 1 l 1 11 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
efficiency
00 CMS-TOTEM Preliminary 2017I
jul Percentage of 0 track events
90
A Percentage of 1 track events
80 v Percentage of 2 track events
70 Percentage of 3 track events
3= = Percentage of 4 track events
60
O Percentage of 5 and more track events (showers)
50 . o
“F Single track -
~_Two tracks
“FShowers RO Sector 45
10 . . °
Pixels

% 25 30 35

1 M L1 11
40 45 50 55
PU
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Pixel performances — Noise and
bad channels

Noise of all pixels

NoisaOlAl | Pixals

- Entries 282702

- M 2.548
30000 ':— R;“s" 04377
25000 f— Noise ~ 130e
Sl = CMS-TOTEM Preliminary
16006 :—
10000 F—
5000 [— 1 Vcal ~ 50e

O : B S P et B S
noise [Vcal]

== Very low number of bad
(eff < 90%) or noisy pixels
(< 0.05% of all channels)

Module maps for sector 45
installed on LHC beam-pipe 1

Pixel Alive SEC45_220F _hr_PLNO

Threshold ~ 2000e

Module maps for sector 56
installed on LHC beam-pipe 2

CMS-TOTEM Preliminary 2017 CMS-TOTEM Preliminary 2017
Pixel Afve SEC45_220F b PLN1 )

Pixel Alive SEC56_220F_he_PLNO . Pixel Alive SECS6_220F _hr_PLN1




oo}
-
o
N
Q
o
L
(%]
=
—
o
2
X
(U]
+
)
>
1
o
£
—
o
[
Z
e
=
U]
O
=
2
()
2
c
=
1
o)
£
T
]
o)
o
2
=

Detectors with remote movement

To mitigate the radiation damage of the electronicS, we are developing a new detector
package that can be moved inside the RP in a quick tunnel access. Five position
spaced by 500 um will be available, so as to handle up to ~50 fb-1 with minimal
efficiency loss. We plan to install the new packages as soon they are ready and
validated.

v YN

Sphere with spring
to reduce friction
and fix z position

Piezoelectric motor:
Resolution ~20 nm
travel range ~10-20 mm
feed force > 20 N
holding force > 100 N

Spring fory
.« position

-3
uwr
S -—w

-
3
~

Sphere to tune the
distance from the
thin window and to
reduce friction

Sphere with spring _—{&8
to reduce friction |
and fix z position \

F. Ravera - 4th Elba Workshop on Forward Physics@ LHC Energy
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UFSD sensors for ct-pps

50 micron | |
© inactive gap! 1.0 mm ! 0.5 mm
8 k.-f = x e R
o |
§ 3.1 mm x
§ _ Beam
E — i TS TS spoi
(] | |
>, 2.9 mm |
o |
ﬁ R o side A
E 0.95 mm
° 16 Pixel ~ 3 mm? 16 Pixel ~2 mm?
g Cap. Pixel ~ 6 pF Cap. Pixel ~ 4 pF
5
! Area = 12mm x 6mm
£ Thickness = 50 um : PR
£ vl | M 32 (12 read-oul) Time resolution:
Q OoT cndanneils = read-ou
0 . ~30 ps
g Gain~ 15
‘ Slim edge of ~200 um on side A
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TOTEM hybrid
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= 3rd amplification
39 amplification = stage
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Tracker performance: hit maps

¢ IP5 > SECTOR 56

2017 DETECTOR CONFIGURATION

CT-PPS Strip SEC45 210F_hr

T
.

CT-PPS Strip SEC56 210F_hr

CT-PPS Pixel SEC45 220F_hr . i e CT-PPS Pixel SEC56 220F_hr

v Always inserted and taking data in CMS runs
v' Excellent stability in both 2017 and 2018
¥ v Less than 0.05% bad/noisy pixels

w 15 g
py ' 3000 F F EE
N = 2500 = > of- 1800
oll & 5 s : -
o :7 2000 ° 2 1200
ﬁ 3 e k. "y ) 3 1000
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% o 1000 -5 -5 23
S [ o ' E
§ - F l ¢

x : x (mm;o ’ 15F -18F = = X (mm)

o F
[y

S

O
>

I

=
<| 2018 DETECTOR CONFIGURATION
; CT-PPS Pixel SEC45 220F_hr CT-PPS Pixel SEC45 210F_hr CT-PPS Pixel SEC56 210F_hr CT-PPS Pixel SEC56 220F_hr
= E g o v e EL 0o 10°

Q o et - T 4
O . : 34
:'é o ._,'_';:‘:.'.‘ = 2 v 10
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Physics in LHC-Run2 with CT-PPS

The main goal of CT-PPS is to study central exclusive production (CEP)
processes:

PP =2 ppX

QCD: LHC as gluon-gluon collider with tagged proton
= Exclusive two and three jet events
= Test of pQCD mechanism of exclusive production
=  Gluon jet samples with small component of quark jets

EWK: LHC used as photon-photon collider
= Measurement of yy - W+W-, vy, ete-, u+u-, T+71-
= Search for anomalous quartic gauge couplings (AQGCs)
with high sensifivity

Beyond Standard Model:
= Clean events (no underlying event)
=  |ndependent mass measurement by pp system
= JPC guantum numbers 0++, 2++

] CEP PROCESSES pp — p X p STUDIED IN DETAIL FOR THE CT-PPS TDR 5




