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Diffractive and Exclusive production in pp collisions at the LHC

exclusive production
. t-channel exchange of color neutral particles Central P
P1 P
. Eoomerons for QCD / photons for QED interactions > ;/y > L
E 1] P = > p',l ?
j % Exclusive v O: X
10? TOTEM-2018-003 photoproduction /
107 December 21, 2018
10’4%— T | ;’Y. P ,~
N\ g g P— > "
= — P2 > P ,
1% 0.5 1 1.5 2 2.5 3 3.5 -t[(it\’g] pﬂ P
P1 s - X m > P1 >
= = 10 —
'E400'—IllllllllllllIIII|II'I|IIIIIIIIIIIlII|II— ]P ]P
| Amas * 8% 0.64 -
300:_ Vs=8 TeV =85erlay Background _:
E . LS ] EB E X X
E g
_: e —— Y P2 > P I P2 >
. ] P2
L Single-diffraction with
005 0.1015 02 025 0.3 0.35 04 Double pomeron exchange central system X
1) [GeV?

18 January 2023 M. Pitt @ The XXIX Cracow Epiphany Conference



Introduction

Diffractive and Exclusive production in pp collisions at the LHC
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Introduction

Diffractive and Exclusive production in pp collisions at the LHC
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Introduction

Diffractive and Exclusive production in pp collisions at the LHC

Cantral aveliicivia avadinicrtian

« t-channel exchange of color neutral particles - 923" (13 TeV)
%) LA ELES LA LN ELELEL AL NLEL AL BLEL AL SRNUSLAL BLLN SR
« Pomerons for QCD / photons for QED interactions 5 45 CMS-TOTEM
T 10 T T
E Iozg Power law fit to H1 data . W 40
£ 10; = S rediction ] 3
S l> % EXCI[ ? IMRTNLO predict J 30 . Background shape
0t N 25
102} TOTEM-2018-003 phot 6:310" 3 LHCh (o= 13TeV) 3 0
10—3% T . December 21, 2018 r - L]ICb(IE: ?TCV] E . Signal shape (pp—ppup MC) + background
10 ¢+ ALICE - 15
10%} : +  HI . 10
10° o hatl! . j
- "y 10 IJ- ll ‘ : ]ZTi]i[;dSlarch exp. 3 S
F ] 0

10° ' cms
W A AR R R N RN AN RS RN RN RN R fﬁ?

0 CDF Vs=0.63 TeV sIP
Gapinn| <1 1.8 <™ <35, cone(R—O.?)_
jet1 _jet2 ¢ DO Vs=0.63 TeV 1
<0 1.9 < |7*"? < 4.1, cone (R = 0.7) ]
T CDF {s=1.8TeV
1.8 < [f*"? < 3.5, cone (R =0.7)
DO Vs=1.8 TeV
9 < *"'?| < 4.1, cone (R=10.7)

.4
T

F MS (s =13 TeV, 0.66'p
TN | L e 14 <2 <4.7, antik (R =0.4)
| Lot A

P Sfaction with

R
0.05 0.1 015 0.2 0.25 0.3 0.35 04 Dou o | e e d stem X

L1 L1l L1 1 Ll
It [GeVz] 20 40 60 BO 100 120 140 160 180 200 220

jet2
18 January 2023 M. Pitt @ The XXIX Cracow Epiphan p] [GeV] 8




Introduction

Diffractive and Exclusive production in pp collisions at the LH{ with proton ta
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Proton spectrometers

Two type of forward detectors are installed: vertical and horizontal

Vertical detectors (ALFA, TOTEM) RS i |
» Very low pileup (u~0.02), special LHC optics Ap,/ e
Vil @2 _
« Proton kinematics: { > > o yf%
Ap,/p, < 20% and p; ~ 0.15 — 2 GeV Pr 5
= 2~_CMS Premnary 2017 - Sector 56 210 FAR
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Proton spectrometers
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https://indico.cern.ch/event/1187936/

Proton spectrometers
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Proton spectrometers at the LHC in Run 2+3

PPS Overview

« TOTEM+CMS expertise: PPS TDR (TOTEM-TDR-003)

» PPS successfully integrated during 2016, ~220m
from IP35 (initially “CT-PPS”)

« Covered mass range between 350 GeV and 2 TeV

Collected >100 fb* during LHC Run 2
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AFP Overview (1)
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https://cds.cern.ch/record/1753795/files/TOTEM-TDR-003.pdf

Proton spectrometers (AFP / PPS)

o Proton kinematics :
* Intact protons lose a fraction of momentum (¢ = Ap,/p) and
are scattered at small angles (0%, 6;) — they are deflected

away from the beam and measured by the spectrometers
6x(z) = xp(§) + v (§)x™ + Ly ($)6y
6y(z) = yp(§) + v, (§)y* + Ly (§)6y

LHC Optics
CT-PPS CT-PPS
m g ot ==—e - H{=IE-—==ff 1=

w» Sector 45 (left arm) Sector 56 (right arm)
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Proton spectrometers (AFP / PPS)

o Proton kinematics :

* Intact protons lose a fraction of momentum (¢ = Ap,/p) and
are scattered at small angles (0%, 6;) — they are deflected

away from the beam and measured by the spectrometers

5X(Z) — xD (6) + vx(g)x* + Lx(g)e;ck €4:Detector @200m 2017 (13 TeV)
6y(2) = yp(§) + vy (H)y" + Ly (£)6;
beam. "’
' 1° s
LHC Optics e _205 —
CT-PPS CT s
s T e e I ===
s Sector 45 (left arm) Sector 56 (right arm)
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Proton spectrometers (AFP / PPS)

2017 (13 TeV)

~ CMS Preliminary

o Proton kinematics : < Z2=200

* Intact protons lose a fraction of momentum (¢ = Ap,/p) and

are scattered at small angles (0%, 6;) — they are deflected

away from the beam and measured by the spectrometers

53((2) = Xp (f) + vx(sz)x* + Lx(f)H; €4_Detector @200m 2017 (13 TeV)
T
= 3
6y(z) = yp(§) + vy ()y™ + Ly (56,
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P B M = @ -
10
LHC Optics e B
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Proton spectrometers (AFP / PPS)

2017 (13 TeV)

CMS Preliminary

o Proton kinematics :

* Intact protons lose a fraction of momentum (¢ = Ap,/p) and

are scattered at small angles (0, 6;) — they are deflected

away from the beam and measured by the spectrometers

6x(2) = 3 (£) + ve()x" + Le(§)6; |
6y(2) = yp(§) + v, (§)y” + L, ($)6,
’ beam. !
y' @ ) Y H
T p N . )
: 1 @
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o CMs , o
== I === =i~ ]
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Proton spectrometers (AFP / PPS)

o Proton kinematics :

* Intact protons lose a fraction of momentum (¢ = Ap,/p) and

are scattered at small angles (0%, 6;) — they are deflected
away from the beam and measured by the spectrometers l
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Tagging exclusive production at the LHC

jp— > Py
Central exclusive production processes are generated by the 2 - 3
exchange of color singlets via QCD (Pomeron) or QED |
y b
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Tagging exclusive production at the LHC

Central exclusive production processes are generated by the

exchange of color singlets via QCD (Pomeron) or QED (y)

central exclusive production (pp —p®XX®p) 14 TeV
g1 T T ! T T T T E
e ? . | == QCD induced bb | =
§ . i
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v = . | === QCD induced yy | 3 LLL’
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Tagging exclusive production at the LHC

Central exclusive production processes are generated by the

exchange of color singlets via QCD (Pomeron) or QED (y)

High mass range is dominated by photon-photon interactions

— 102 central exclusive productlon (pp —>p@XX@p} 14 TeV
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Tagging exclusive production at the LHC

o Main challenge is the background:

* In the standard LHC runs, tens of interaction occur per bunch crossing

CMS Average Pileup

6000 . ; . 6000
B 2018 (13 TeV): <u> = 39
5000 B 2017 (13 TeV): <u> = 38 {5000
0 2016 (13 TeV): <u> = 27
g B 2015 (13 TeV): <> =13
4000 E 2012 (8 TeV): <u>=21 |*°%°
B 2011 (7 TeV): <p>=10
= 3000 {3000
oPP (13 TeV) =80.0 mb
2000} aﬁ,ﬁ (8 TeV)=73.0 mb | 2000
= Tip (T TelV) =710 mb
e o 1000 . : L . ' 1000
‘1 / 10 a0 o° 8° 400 °
e VL KA A L7 N R N Mean number of interactions per crossing
httpS://CdS.Cern.Ch/record/2746227 https://cdS.Cern_Ch/record/2654205
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https://cds.cern.ch/record/2654205

Tagging exclusive production at the LHC

o Main challenge is the background:

Multiple pp collision can fake the signal.

https://cds.cern.ch/record/2746227

18 January 2023 M. Pitt @ The XXIX Cracow Epiphany Conference

24


https://cds.cern.ch/record/2746227

Tagging exclusive production at the LHC

o Main challenge is the background:

Multiple pp collision can fake the signal.

https://cds.cern.ch/record/2746227
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Tagging exclusive production at the LHC

o Main challenge is the background: P— : —

« Multiple pp collision can fake the signal:

https://cds.cern.ch/rcod/2746227
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Tagging exclusive production at the LHC

* In Central Exclusive production (CEP) processes: T

Central system kinematics = Proton kinematics o

« For given proton momentum loss ¢ = Ap/p:

Proton kinematics can be inferred Central system kinematics can be
from the central system: Inferred from the protons:
Z E + Pz m = S€+€—
fi - \/E

1 ¥
Y = Elog (?—_)
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Highlights from Run 2
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Example of AFP result with tagged protons

PHYSICAL REVIEW LETTERS 125, 261801 (2020)

70 T - r —T e T T T S e
go ATLAS ¢ Data 2017
8 b 8=13TeV, 1461 ;’;‘:ep“(:'""f; =
- o ) PLYY —h
Observation and Measurement of Forward Proton Scattering in Association with Lepton S b e "3-0‘551 Ge‘(’) " PPPLIYee)p.
Pairs Produced via the Photon Fusion Mechanism at ATLAS 2 50 5 A — P
G. Aad et al.’ 320 Combinatonal bkg.
(ATLAS Collaboration) 10
M (Received 2 October 2020; revised 30 October 2020; accepted 23 November 2020; published 23 December 2020) 0% -0.02 i 0 0.0 ] 0'04 0 0 0_2 ‘_
rA  _ zA xC _ ¢C
Background
g 8:-1 T T lll! T T TTTTT] I T lllffll:
6 ATLAS S
< {s=13TeV,146H"
4 ’_—_— S;déA | AFP matched candidates —]
+ pileup proton N, ' =
8 o YR
- et . - 1
" 0F Z = =
Drell-Yan . P vl 5 :
. . . ] 4 = 'S\de C QFP acceptance =
« Powerful background rejection due to proton tagging and matching e 5k AN
; ; ; bz - ee | Far stati s
between proton and di-lepton kinematics 6L o 11 e -
. . _81 1 1o anl 1 RN ER R R A b
« Measured cross sections: 10 102 10° 10*
m, [GeV]

Oeetp = 11.0 £ 2.6(stat) £+ 1.2(syst) £ 0.3(lumi),
Opptp = 1.2 £ 1.6(stat) £ 0.9(syst) £ 0.2(lumi).
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Example of PPS result with tagged protons

o Searching for unknown particles using the “missing mass”

* Implemented for the first time at hadron collider, based on 41 event reconstruction

P

P
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Example of PPS result with tagged protons

o Searching for unknown particles using the “missing mass”

* Implemented for the first time at hadron collider, based on 41 event reconstruction

 The 4-vector of unknown state x is determined D D

from protons and measured boson
2
5 . .
Mhiss = | (P + PiR) = (Py + P + Pit)

« Bump hunt of x state is performed in Z+x and

Y+X channels
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Example of PPS result with tagged protons

o Searching for unknown particles using the “missing mass”

CMS-Totem Preliminary

« Benefit from supreme mass resolution £ lops ppzuX prr—
Lﬁ 1
4000
1
0
1.2
-
& 1 Ui
5 |
08 [ " ‘m
0 500 1000 1500 2000
Missing mass [GeV]
32
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Example of PPS result with tagged protons

o Searching for unknown particles using the “missing mass”

CMS-Totem Preliminary
Pp— ppZupX multi-multi

« Benefit from supreme mass resolution

Events

- Data agree with the background-only model, a limiton |

the production cross-section of Z/y+x was derived

2.3 b (13 TeV)
T T | T T T | I_

37.2fb~ (13 TeV)
T T T | T T T | —

E —_ I T T T I T T T I T T T I ] E : I T T T I T T T I T T T I T i 2000_
%0‘12_ CMS-Totem Preiiminary —— Observed | 'En"gm'_ CMS-Totem Preliminary — Observed J
= B I 595 Exp N = E - U’Q‘i Exp ]
O Lok PPEX 95%CL ] L | 7sf PPYX 95%CL 7
-E i 68%CL ] E F 68%CL |
E E 150 . -
= 0.08] =
o L Q 1.25F 3 0
&~ - i C ]
o 0.06 o r . :
o 0. @ ¢ gk E go
i 1-00p : ©1.2
L o 3 o
0.04 0.751 = g
I - 1 ©
i 0.50F - o
0-02p PR R IR BT B B 0.8 ‘
600 800 1000 1200 1400 1600
my [GeV] 0 500 1000 1500 2000

Missing mass [GeV]
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Physics with tagged protons at
the HL-LHC



Proton spectrometers at the HL-LHC

P1 P

v, IP

HL-LHC allows to probe rare processes in the Standard Model.

\ X

|GOAL: Study of central exclusive production (CEP) | %P:

>

=

Using a set of near-beam detectors installed in movable vessels (Roman Pots) with tracking and
timing capabilities, operated in standard LHC runs.

Tracking detectors measure the proton momentum loss § = %

Timing detectors measure the vertex position zp, = c/Z(tpmwn2 — tpmtonl), and interaction time

. . 1
during the bunch crossing tpy = 5 (tp,,,()ton2 + tpmtonl) —C-Zpp

Acceptance vs € translated into acceptance vs mass (my = /sé;&,)
RPs F\\ 2_[ RPs
m m

P2 (S2) < | pe— N - | — 1 =P (E)
m \ =
A&7

[ i
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PPS @ HL-LHC proposed stations

» Locations from maximization of accepted central mass range {1
« Farther away — smaller mass X7/
« “Warm region” — suitable for RP, “cold region” — new development needed
* In current proposal the covered masses are: https://cds.cern.ch/record/2750358
133 GeV —-2.7 TeV fOr the fi rst 3 stations Dashed line: mass acceptance w/o 420m station
43 GeV — 2.7 TeV for all stations “é 12 ;
* Run 2+3 acceptance between 350 GeV and 2 TeV <o
Che 025%— _%
LN 420 m ok E
A= i g
'"'éﬂ‘ . . . = |»t 015 —5
'|:|— 01 Q2 028 Q3 ’cp mI] | a0, - of E
|P5 TAXS DA WTE VIR 2T Iﬂl[ﬂl MBE ugL/mim we ¥ 'H_S] e 005k _E
E W:E-—— ; 3
L - i Qi o g

Detector acceptance by the end of the fill

17

Spj—
N~ \

. _ Staged installation
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Figure 13: Layout of Long Straight Section LSS5 (Sector 5-6) at HL-LHC [63].



https://cds.cern.ch/record/2750358

Detector technologies

PPS Options

1. Tracking — 3D silicon pixel detectors (used by PPS and CMS tracker in Runs

2+3)
2. Timing:

1. Diamonds (own developments by TOTEM+PPS, operating in Runs 2+3)
2. Ultra-Fast Silicon Detectors (UFSD a.k.a LGAD) from CMS MIP Timing

Detector (MTD)

Each RP houses both tracking and timing (10 timing + 6 tracking planes)

AFP Options

1. Tracking — 3D silicon pixel detectors (used in Runs 2+3)

2. Timing:

1. Cherenkov quartz bars (Used in Run 2+3)

2. Diamonds
3. LGAD

18 January 2023
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Detector technologies

Timing
o The pp vertex is reconstructed using the ToF method poncu || sy | coern o we2001]
o Used to suppress combinatorial background N
o Goal to reach 15 — 20 ps / arm timing resolution e N e
D-‘II'I'm: Central 0.:-“. z:ollis'mn =% {tstopwatch 2 tstopwatch 1}
o Preliminary studies show a decent PU suppression oo oo _—
PPS alone
- 10° = 10°
g &
c v
102 102 CDPV signal CDPV pile-up background
: : (.o | FPD, K FPD, FPD, t FPD,
20
L,tg
10:— 10:— |
! z \L 2 ¢,4 z
(0,0) Zov o zTaF\l'a r-"'j Zoy -
SD- U~
L 1 | | IFETETE IS A | Itake
* ; " ! . ! : 3Z[O',,]4 a) Ogs b) olAz)=¥2 0
2021 JINST 16 PO1030
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https://inspirehep.net/literature/1820602

Standard Model processes

« Fiducial cross sections of CEP of SM processes in pp collisions at v/s = 14 TeV, calculated with the
FPMC generator (using KMR exclusive model for pomeron fluxes and EPA for photon fluxes, survival
probabilities of 3% and 90% are considered for QCD and QED processes respectively).

« A central detector selection cut of p; > 20 GeV on the generated objects was applied for all
processes with 2 particles in the final state.

« Two scenarios are considered in PPS Eol: with and w/o 420m station:

fiducial cross section [fb]

Process all stations w/o 420

P-IP | v=y | P-P | y—¥v
i O(10°) | 60 | O(10%) | 2
WrWw- — 37 — 15
L4 — 46 — 1.3
tt — 0.15 — 0.1
H 0.6 0.07 0 0
Yy — 0.02 — 0.003
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fiducial cross section [fb]
™ Process all stations w/o 42
CD Physics R
y i O(10°) | 60 | O(101) | 2
W 37 15
JLfL 46 1.3
tt 0.15 0.1
H 0.6 0.07 0 0
Yy 0.02 0.003

« Systematic study of screening effects in central exclusive di-jet

production was never performed.

 Exclusive bb production — the dominant background for exclusive Higgs

searches never measured. & 102 2ol exclusive production (pp spOXX®p)____ 14 TeV
s E . : — QCD induced bb |
% 10 e S S, ..... QED ‘ndUCEd bE
3 —— QCD induced yy
8 FrTte N | QED induced v |
i X i : o 1 .......... s —— e =
QCD contribution is dominant at 3 | -
© - N e, -
o o m10—1? : . {.,_..‘ o
low di-jet masses E o Nl e E
ool N
50 6070 10 2x10%  3x10? 10°

mass cut on the central system [GeV]

Figure 7: Integrated cross sections of different exclusive processes with intact protons at
Vs =14TeV, plotted as a function of the required minimum central system mass. Both photons
or b-quarks are required to have a transverse momentum above 20 GeV.
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fiducial cross section [fb]
Process all stations w/o 42

®
Electroweak physics
0(10°) 60 Q104 2 ,
37 15
46 13 |
0.15 0.1
0.6 0.07 0 0
| pp~>pDuu®p | ppopOWWSp| *
CMS Phase-2 Simulation 11" 14 TeV . CMS Phase-2 Simulation 100 fb™", 14 TeV
8104""|""|'"I""I""I"""'pp"%lp"'p‘"' 8 105' T T T T . ' WW IWWIE[l T =
Q MU 3! = pp — pPWWp (WW — etlvv) §
g 10° g . ]
8 02 m—— 420m (end of levelling) 8 103 E | —— 420m (end of levelling) 3
& 1 & i E
£ minimum strips limi £ N minimum strips acceptance |
g 10 2016 trips limit g 102 a 2016 trip: pt , 45F _El
§ 1 —— 2()16 strips 90% efficient point -'é N ——— 7016 strips 90% efficient point, 56F ]
< 10 £ 10F E
o] o - =
0 5 0 - ]
£ 10 g L =
2 10° a g
= 2 i
910—4 IIIIIIIII|III|IIIIIIIII|IIII|IIII|IIII|IIII|IIII 810—1 1 1 ] I L L L L L L ] L
w 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 4 0 0.02 0.04 0.06 0.08 0.1
min § cut min & cut

T - lepton electric and magnetic moments in yy—tt events
* Exclusive Tt production can be measured already in Run2+3

* Phenomenological study suggests improved constraints compared to those obtained at LEP
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Top physics

fiducial cross section [fb]

Production of final state above m;; mass threshold (>350 GeV)

Exclusive ttbar has low cross-section (~0.1fb)

Process all stations w/o 42
P-F |v—~ | P-F | y—7

i 0@0°) | 60 |O(0h) [ 2

WTW= 37 15

Ll 46 1.3 |
|l tt 0.15 0.1

H 0.6 | 0.07 0 0

Ty 0.02 0.003

A few phenomenological studies were published (PRD105,114002, PRD102,074014(2020), 2008.04249)

Although a low cross-section for CEP, a significance of 3o expected for inclusive diffractive y-IP+IPIP

at PU rate of 200 and Integrated luminosity of 4 ab-* (PRD105,114002)

o 30CMS Phase-2 Simulation 100 fb™", 14 TeV
o LI L L L L R B L L L LA BN
s K -+ 420m minimum acceptance 7
& [ ==+ 234mM minimum acceptance
£ 20f =
w |12 .
c .
s B ;
o 15[ —
o | = ]
£ I .
8 10 ]
£ .
B -
2 °F .
N pp—p@ti®p 1
. M B RS NS SO SO SO T NN SO SR SN N R S N

Lo 0.05 0.1 0.15 0.2 0.25.

min & cut
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https://inspirehep.net/literature/2026562
https://inspirehep.net/literature/1806036
https://inspirehep.net/literature/1810900
https://inspirehep.net/literature/2026562

Higgs physics e

fiducial cross section [fb]
Process all stations w/o 420
Pr-r - P-P | y—y
o | 2
15
JLfL 46 1.3
| tt 0.15 | 01 |
H 0.6 0.07 0 0
7Y 0.02 [0.003 |

« Exclusive Higgs boson production is broadly discussed in the literature.
« Cross-section estimates vary by an order of magnitude due to the lack of

knowledge of screening effects

 Measurement of the central exclusive production of the Higgs boson is possible

only with all 4 stations

CMS Phase-2 Simulation 14 TeV
Ty T ' ' or T ' ' or T
P P1— %10_1 = l pp — pHp (H — b b-bar)
S
|
.'
1072 . J E
-_
_——
p: - 10°° = —
2 })2# C o ol | |
107 1072 107"
. _ &(p1)
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Higgs physics

P » Associated production with WW pairs
W™« Low cross section (~0.04 fb).
i » Detectable with only stations at 200m
oy "  Inclusive Higgs boson production (all decay modes)
;CMS Phase-2 Simulation _____ 100 fb” 14 TeV
o - 420m minimum acceptance _%

e« 234m minimum acceptance 3

pp—p®HW W @p g

02 D'2n51in & cut
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High mass searches

Search for Axion like particles (ALPs)

* PPS provides the best sensitivity to anomalous couplings and LEP LHC a
A
can probe high di-photon masses in searches for ALPs (~TeV) 10° A
o
Signal / Background is a function of pileup: q
> LEP
m > > | P ——————— s P > > m ﬁ 10!
i 1 AAAAAAAAS T T Eb:ED
“ +2 X P 5
| 10?2 l=raa B(a—vy)=0.1
) > - P2 D — P2 > X Z—va Bla—vy)=0.25
B(a—vy)=0.5
[ Bla—yy)=1
Signal Background
m, [GeV]
. . . . . . . Figure 2: Exclusion regions on the ALP-photon coupling and mass plane. The light-shaded
® Rece ntly SI ng Ie d ISSOCIatI 0 n an d d Ou ble d ISSOCIatI On We re p rO perly gl';' reg-iuns show th(-e e.X})e-cted 95% (?L excllflsi(?rl limitlfﬂr :?Oo,ﬂ)_l, in (‘Ientr.al exclusive diphoton
. . . production events for different branching ratios of the ALP into two photons [16].
m Od e I ed (2208 . 1052 6) al IOWI n g to p ro be Se m I-eXCI US Ive p rocesses [16] C: Baldenegro, St Fichet, G. vcun"Gersdorﬁ' and C. Royon, "‘Sca_rchiug for axion-like pqrticlcs
. with proton tagging at the LHC”, JHEP 1806, 131 (2018), doi:10.1007/JHEP06(2018)131 ,
and probing lower ALP masses. v 80310555 I pb]

<u>~50, Lumi=300fb-!

The sensitivity will exceed the existing limits at high masses
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https://arxiv.org/abs/2208.10526

Anomalous gauge couplings

o 1o? CMS Phase-2 Simulation ______100 b, 14 TeV

- Exclusive WW production sets stringent ¢ PP — PUWWp (WW ~ e

o _ s S I Standard Model §

upper limit on the anomalous quartic gauge S [ = Bl 2)/A%=1*10° GeVy -

_ S0P D B 20/A° = 1107 GeVY

coupling operators (JHEP08(2016)119). g -~ — -

s T LT i

« Deviation due to aQGC expected to be s [ ——— T — |

2 10 — =

visible at high masses ER - — i

,% = —- .

° 0) I I > i )
A few % resolution in my, I DI s DU TP T il

L 1 L 1 L L 1 ] | 1 1 L . L 1 L ] L L 1 1 ] L I L
0 002 004 006 008 01 012 014 016 018 0.2
min § cut (§__ <0.20)

max
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1007%2FJHEP08%25282016%2529119&v=0c923c22

/
P1

* Proton Spectrometers at HL-LHC extends current CEP studies (both "———=>
larger mass range and high statistics) | X
« Challenging environment: large radiation, pileup up to 200 ey é““i
« CMS proposed stagged installation program, starting with 200m during
LHC Run 4 (PPS-EOQOI), where the 420m station is planned for Run5+
« ATLAS/AFP upgrade program: reserve space for Run5 if possible for
the machine w/o constrains or additional costs.
-220m 220 m
-420m -234m -196 m 196 m | 234 m 420 m
\ CMS \ \ o -
: . == [folsehimd ]l @ Jn o B
< H iTh T_ 7 FF——i ]
1 e oD gl S I Y s
47
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igure 13: Layout of Long Straight Section LSS5 (Sector 5-6) at HL-LHC [63].


https://cds.cern.ch/record/2750358?ln=en

Backup
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Introduction

o (Elastic) Photon-Photon collisions at the LHC:

pp, L=2x 103 em™257%, /5 = 14 TeV ——
pp, RP 220 m - - -
pp, RP 220 + 420 m —.—.- |

‘-
-~

1812.07688

dNyxy ~ dLeff
|cc111$’[—9ff|cm_2s_1(}ev—1]
T PbPh, L= 6 10 em~2s~1, /5 = 5.52 ToV 5
Photon energy Is related to charge size: 1x10% | | ot o |
1x10%2 [
» Transverse momentum 1x 109 |
% 1030 [
k, < 1/R (0.06GeV for Pb, 0.3GeV for p) 1129 ...........
« Longitudinal momentum Lx 0% |
Ll i
E < y/R (80GeV for Pb;2TeV for p)- 1x 10 | S L

Photon fluxes are harder in pp collisions
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https://arxiv.org/abs/1812.07688

LHC Run schedule

2021 2022 2023 2024 2025 2026 2027 2028 2029
JIFMAM] JAISONID|II(FMAM[I|I|ASIOMNDIIFMAM I IAISONDIIFMAMIIASOCMNDIFMAMIIIASIONDII FMAMIIASONDIFMAMIIIASONDI FMAMIIASIONDI FIMAM I ASION|D
| Run3 Long Shutdown 3 (LS3)
2030 2031 2032 2033 2034 2035 2036 2037 2038
JIFMAM ] J(AISOCNDII(FMAM[IIASIOMNDI FMAMIIASONDIIFMAMI IASCNDIFMAMIIASONDI FMAMIIASONDIFMAMI I ASONDI FMAMIIASONDI FIMAMII ASON|D
LRuntlJ PL54 [RunSJ
Last updated: January 2022
Shutdown/Technical stop
;‘mtnns physics https://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm
ons

Commissioning with beam
Hardware commissioning/magnet training

ik
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HL-LHC Integrated luminosity

HL-LHC preliminary optimistic schedule
DG, 13/1/2022

. e — 3500
N 13000 "o
E B =
‘- 5 e o o ™ ® Q
r 2000 £
Fny 4 g ® § @ g
W a —_
_E 3 1500 o
-7 / 100§
s 1 {8 500 ¢
o
0 | - - 0
2028 2030 2032 2034 2036 2038 2040 2042
) Year

N ’Hi R. Tomas in LHC performance workshop, January 2022
https://docs.google. com/presentatlon/d/lYYookJp|t3yuvfflMGI L7KILBilci nISQZaCa4aYg/edit#slide=id.g11065058479 2 22
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