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Central exclusion process (CEP)

~ 22% Elastic interactions ~56 % Non-diffractive: pp — X

~ 78% Minimum bias events ‘ ~12 % Single-diffractive dissociation: pp — Xp*
~ 9 % Double-diffractive dissociation: pp — XY

0.00000001% ~ 1 % Central diffraction: pp — p

SIIE] Background

Protons remain intact * Drell-Yan process
Correlations * No correlations
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Goal of the Project

Estimate the CEP signal to background separation at

~ 22% Elastic interactions ~56 % Non-diffractive: pp — X

~ 78% Minimum bias events ‘ ~12 % Single-diffractive dissociation: pp — Xp*
~ 9 % Double-diffractive dissociation: pp — XY

0.00000001% ~ 1 % Central diffraction: pp — p

Signal Pile up Background
Protons remain intact . Upto200inHL-LHC * Drell-Yan process

Correlations No correlations
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Experimental Setup
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Compact Muon Solenoid (CMS) Proton Precision Spectrometer (PPS)

» Tracking

« Proton position in x-y plane relative to the beam

« Deflection related to fractional momentum loss ¢ — My , Yy
» Timing

> Includes the MTD for HL-LHC _ - Difference of proton times to find the vertex position

« Time measurement of minimum ionizing particles (MIPSs)

« Get 4D primary vertex

» Clustering
* Muon tracks from silicon tracker and muon chambers
« Get 3D primary vertex from detector reconstruction
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1. Kinematic correlation

CMS central detector

CMS Preliminary

LHC

00 300 a0

signal mass protons

Summer 2021

e

sector 45

Mpp

background mass muons my;

]

2

1250

1000

CMS Preliminary

a0

Nbac

D —————— 31—
PR — ]
- ; _J.li TAS of

.:#: - [ ——=T" ==l » 2 ——— -
; : == ' n ) ' —-I:] Il 2 : = = 10 T T T = ! -—
. B i
— | |
————
—_——

Summer 2021

a0 1000 1200 1400 1600

kground mass protons mp;

_ pz(initial) — p,(final) _dp,

p,(initial) D,
Timmg\RP

LHC sector 56

ROMAN POTs [4]

Summer 2021 CMS Preliminary Summer 2021

CMS Preliminary

signal rapidity muons [Y g
background rapidity muons [Y g

05

1.0 05 a0 a5 10 15 10 05 a0 as 10 15 20

signal rapidity protons |Ypp| background rapidity protons|Y pp|

cMms,|

8/18/2021

Johanna Lomker | Summer student project 4



CMS preliminary Summer 2021 CMS Preliminary Summer 2021 .
I% :l | T T T T T T T T T T T T hl B| k| T dl T l T |4?2|4-(10 |: 120 :l— | T T T T | T T T T T T T T h T Ul |I c1l:ed| i T ||10|7-0(|) | —l_- 1 S I t t
= Sormpans 70 : . oelection Cu
s "F . ton|— (Rate:0.039797) .
5 N ] | Selected signal 101.00
2L E B (Rate:0.943925) R S| g n a| mass
o [~ —f @ :_ ]
; ; |myp — my| < 120, * my|
P ] o ]
; I O ~ 1.62 %
ok = oL —— 4.0% background acceptance
mgp (calculated from protons) [Ge V] Mgp (calculated from protons)[GeV] .
CMS preliminary Summer 2021 CMS Preliminary Summer 2021 94.4% SIg nal acce ptance
8 1o |8 Background protons l4724.00 ! ! ] [ mm Unstlected Signal 167.00 ! ‘ ! 1
E | 1 signal protons 107.00 o __- Selected background 20 —
= mf i (Rale:0.042972)
o s B Selected signal 88.00 A A a
}.é m? . ,_‘:' {Rate-0.625430) Sl g n al rap I d Ity
3 E Yoy — Yu| < |20y * Yy
= o=
wh i oy ~ 3.99%
a0 i_ o :—
T [ 4.3% background acceptance
u ) ' “ ‘ : u ' ) “ ' ; 82.2% signal acceptance
L. [¥ oo| (calculated from protons) L. [¥ | (calculated from protons) . 0
CMS Preliminary ' Summer 2021 CMS preliminary ¥ Summer 2021 g P
.E ok l | BN Untelected signal 107.00  — F | | | | = Unselected signal 107.00 |
S r A ted back d17.00 7 ] A ted back d 17.00 =
..g s - {gc;g:o_ooggg%;oun E g - {gc;g:o_ooggg%;oun ]
N Accepted signal 3.00 ] af Accepted signal 83.00 -
[P [ . —] o — - ] -
_g g (Rate:0.775701) ] . 3 (Rate:0.775701) CO m b I n ed reS u It
c 5 =
b of 0.4% background acceptance
L of- 77.6% signal acceptance
10 %— o E_
5 ;— 5 E_
(1] = a -
2 A Q 1 2 Q 00 a0 0 a0 00 [0
[Ypp| (calculated from protons) Mg (calculated from protons) [GeV]
CMS /1

I 8/18/2021

Johanna Lomker | Summer student project



2. Timing correlation
Run 2 HL-LHC

Vertex position in space Vertex position in time

[ t(p1) — t(p2)] = rec_vertex, zy, [ t(p1) + t(p2)] ¢ = 2 zpps + [t(u) mrp + t(2)MrD] €

f | Y |
measured in PPS 3D reconstruction measured in PPS 234m measured in MTD

HL-LHC feasibility study 4D reconstruction
Zpps Zpps

A

PPS timing resolution ertex/z,,
) : | 1 - C * t(pZ)
* Run 3: 50ps W /

 HL-LHC: 20ps

PPS ToF Backward PPS ToF Forward
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Run 3 with 50 ps timing resolution 2 Selection cut
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Significance of signal events
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Backup slides

Sources:

PPS HL-LHC upgrade document (arxiv.org: 2004.11068)
CMS expression of interest (arxiv.org: 2103.02752)

Previous study of proton-tagged, central (semi)exclusive production (arxiv.org: 1803.04496)

[1] JHEPO7(2018)153

[2] https://www.researchgate.net/figure/Drell-Yan-process-a-quark-of-one-hadron-and-an-antiquark-of-another-
hadron-annihilate_figl 254469235 [accessed 8 Aug, 2021]

[3] 10.1103/PhysRevD.92.012003

[4] https://cds.cern.ch/record/1479324

[5] https://arxiv.org/pdf/2004.11068

jlomker@cern.ch
j.lomker@students.uu.nl

Signal Background

*14TeVyy » ut u- « 14 TeVDrell-Yan Z —» u*u~

* pr(u) > 25 GeV * pr(u) > 2.5GeV & |Y(u) < 4.0]

* PU = 200 * PU = 200

* 600 events total * 15296 events total

» Generator-level cross section FPMC = 0.2735pb  * Generator-level cross section Pythia8 CP5 — TBC =
2.213 nb




Event selection and PPS acceptance

Table 4 and figure 15 (arxiv.org:

3000

Event selection
Find two highest pT muons with pT > 25GeV
Select events with 2 muons that have timing data

Apply dimuon cuts
190

E4y > 0.0032 ~31% (o

106
ty >80& $1, ~17% (%)events

[mm]

o 2500 ) )
— vertical crossing
® “==~ horizontal crossing

2000

1500

)events cgion of i
for high [g
1000

10000, |

500

TCLX4

Smearing of proton momentum
Random samples from a normal distribution around O
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Ecmear = GauSS(O; Ores * ‘fproton) ‘ ‘ ‘Vert‘ical Crossi[ng—A]ngle [ ]
_ Station Emin Emax| | Mmin (GeV] Qy =0 | Mpyax (GeV] @y =0
- = +
Sproton = proton €s:/n§ar 196m | 0.0786—0.0856 | 0.1967 | 1100.87—1197.80 2754.27
S p,(proton) = p,(proton) + =) « £ 220m | 0.0371—0.0381 | 0.0688 519.89—533.18 962.70
PziP pzip ( 2 > smear 234m | 0.0189—0.0095 | 0.0263 264.96—132.80 368.11
. Apply proton cuts 420 m 10.0031—0.0034 || 0.0116 43.38—47.04 162.66
p,(proton) > 4990 TeV Horizontal Crossing-Angle
p,(proton) < (1 — 0.0032) * 7000 TeV Station | mmin| [§max| | Mmin [GeV] @y =0 | Myax [GeV] @y =0
196m | 0.1654—0.1779 | 0.2871] | 2316.15—2490.07 4018.94
. . 220m | 0.0984—0.1014 | 0.1488 | 1377.48—1419.13 2083.04
Take 2 protons with acceptance for scenario 4 234m | 0.0564—0.0312 | 0.0732 |  789.48—437.07 1024.60
$min = 0.0033 & &gy = 0.2871 420m | [0.0032—0.0034] 0.0118 44.55—48.20 165.28




Proton time calculation and smearing

Calculation of proton time Smearing of proton time

Zpps = 23400 cm, ¢ = 29.979% tpsmeared = tproton T Gauss(0; oyes)

« Signal time from real collision time and vertex position
tp = Ceollision + (prsizvertex,p)/c

« The expected timing resolution for the HL-LHC
OnL-LHc = 20ps

« Background time from bunch properties:

Proton bunches are gaussian in first order; from the beam width of

~ 8.3 cm follows the resolution o, = 0'2\7;”5 = 0019

tproton = Gauss(0; Oyes) + (prs + Zvertex,p)/c

Scenario where the PPS timing detectors cannot be
improved beyond the resolution of Run 3
Orun3 = S0ps




Kinematic correlations: Momentum loss
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Kinematic correlations: Invariant mass
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lons: Muon vs 4D primary
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\Vertex correlations: Muon vs 4D primary
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Vertex correlat

10NS.

Muon vs 4D primary
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Combine kinematics and vertex timing

Run 3 with 50 ps timing resolution
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Combine kinematics and vertex position

Run 3 with 50éomsstiming resolution
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