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LHC upgrades (LIU + HL-LHC): parameters and timeline

Nominal LHC: +s =14 TeV, L= 1x10%* cm2s1
Integrated luminosity to ATLAS and CMS: 300 fb-! by 2023 (end of Run 3)

HL-LHC: Vs = 14 TeV, L= 5x1034 cm2s-! (levelled)
Integrated luminosity to ATLAS and CMS: 3000 fb-t by ~ 2035
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LS2 (2019-2020):

O LHC Injectors Upgrade (LIU)

O Civil engineering for HL-LHC equipment @ P1,P5
O 11 T dipoles P7

O Phase-1 upgrade of LHC experiments

LS3 (2024-2026):

O HL-LHC installation
0 Phase-2 upgrade of ATLAS and CMS




General prospects

All what follows is my personal opinion, not the attitude of ATLAS.

RUN 2

1. AFP in 2016: one arm only but very good data collected in special runs
2. AFP in 2017: the 2" arm and TOF installed, data to be analyzed

3. AFP in 2018: hopefully good data with both arms and reliable TOF

RUN 3

Assuming a smooth running with TOF — use in nominal lumi runs — study processes with lower x-sec,
especially those which are relevant to the HL-LHC processes (e.g. Exclusive jets, WW, vy, Z2)

In parallel to real data analyzing, make feasibility studies for the HL-LHC processes using detailed sim.

HL-LHC

To get into the HL-LHC upgrade plans, AFP (and any Fwd proton detector) must show it's useful
(best irreplaceable):

- Continue measuring SM processes (diffraction, soft QCD, fwd physics) BUT:

- Put the highest priority to searches for New Physics
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Special runs in RUNs 2 & 3

Put pieces one by one in the mosaic of the forward/diffraction physics. In general:

Measure ¢ and gap distributions, and ¢ vs. gap — for any process

Measure gap survival probability — for any process

Measure proton azimuthal angle — to study CP violation

Measure pr - if we want to separate pp from yp

Measure Underlying Event (estimate amounts of Multi-parton interactions and Color reconnection)
Measure Bose-Einstein correlations

CMS+TOTEM Preliminary 2016, {s = 13 TeV
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Dedicated runs: %F N R -
' . S MLk o, =370 prad
O Very low p<0.1 + Single proton tag: Low mass al N -
" exclusive yy, Xc, Xps e Ny, T, K¥K™, p¥p™, ™~ RN E
= particle spectra 3 E
= gap spectra o % =
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= QCD Exclusive dijets (single p-ta (Talk by L.Forthomme)
| gie p-tag

QED Exclusive dileptons, WW, yy, ZZ
diffractive photoproduction of e.g. dijets (see HERA example): yIP— dijets
DM searches: test models
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Nominal runs in RUNs 2 & 3
In general:

- Measure ¢ and gap distributions, and ¢ vs. gap — for any process
- Measure gap survival probability — for any process

- Measure p; - if we want to separate pp from yp

- Test pQCD approach in models (e.g. Pomeron structure)

O Large pile-up — concentrate on exclusive processes where we can rely on TOF and exclusivity cuts
(see e.g. efficient exclusive vertex veto in analyses of exclusive [I/WW in data with large pile-up!)

1) DPE y+jet/dijets

2) QCD Exclusive dijets, trijets

3) QED Exclusive dileptons, WW, vy, ZZ

4) Diffractive photoproduction of e.g. dijets (see HERA example): yIP— dijets
5) DM searches: test models

1)-3): huge know-how from simulations in approval period — now it needs to be measured!
4). a big case at HERA, big interest of theorists, left aside in the approval period — let’s try to measure it.
5): not studied in detail, while extremely chic at LHC and especially outside LHC (see next slides)

O Participate in Heavy lon runs:

= detect proton in pA and enable photoproduction studies

= detect nuclear fragments in pA and AA

- Enormous interest in theory community. Very active HI groups in ALICE/ATLAS/CMS. Currently HI
community excited about similarities between pp/pPb/PbPb systems. Can we contribute by tagging proton?
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Diffractive photoproduction

O Diffractive photoproduction: yIP— X
O So far little measured at LHC (see talk by R. McNulty, very nice LHCb results)
O Single proton tag

1) X=p, D]/, Y, y (measured extensively at HERA)
2) X =n*n~ or D*D~ : compare to models and get information about Wigner function

O Double proton tag
O One side: average proton py is lower (caused by emitted photon) than on the other side

3) X = dijet: shed light on factorization breaking reported at HERA (especially H1 measurements)
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- 5D tomography:
Wigner distribution— the "mother distribution™.

Belitsky, Ji, Yuan (2003);
Lorce, Pasquini (2011)
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Diffractive dijet production
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Altinoluk, Armesto, Beuf, Rezaeian (2015)
YH, Xiao, Yuan (2016)
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Measuring Wigner in ultra-peripheral pA collisions
—————
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7 Q* preferably small  YH, Xiao, Yuan (2016)

4

Use the Weiszacker-Williams photons in UPC!
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Hagiwara, Hatta et al. (2017)
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https://texclip.marutank.net/#s=%5Cnewcommand%7B%5Cnn%7D%7B%5Cnonumber%20%5C%5C%7D%0A%5Cbegin%7Beqnarray*%7D%0A%5Cgamma%0A%5Cend%7Beqnarray*%7D

HL-LHC
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First acceptances with HL-LHC optics v1.3

e ——
Assumptions: HL-LHC optics considered require new RP locations.
« ATLAS side of the LHC ring Let’s consider also farther locations — not to exclude
* Detector = 2x2 cm? the low-mass region where New Physics can also
» Distance of 15t sensor from the beam = 150 be hidden. (see CMS LHCC H—yy at my~95 GeV)
« Dead material = 0.5cm (very conservative!) Locations: 233m, 285m, 324m, 419m
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» The 125 GeV Higgs can only be measured if we install FDs in the cold region (419m). Needs to replace
the whole cryostat. Difficult? All aspects are described in FP420 R&D (JINST 4 (2009) T10001).

» |f we want to cover larger masses, closer locations (s < 200m) need to be added — in close cooperation
with machine people
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""" Flagship processes for HL-
(high-mass region)
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pp—>gd—p+H+p Exclusive Higgs
(low-mass region)

Complementary information about

Higgs boson properties, esp. b 1

Yukawa coupling Hbb
DM searches
(all masses)
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» Precision measurement of Higgs properties: New Physics can be hidden in values deviating from SM
» 1 and 2 studied in great detail using fast sim. 1-3 would need to be studied with the HL-LHC optics and
detailed simulations if they are considered for the physics case of the HL-LHC upgrade of AFP
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Possible programme for HL-LHC

- Measure ¢ and gap distributions, and ¢ vs. gap — for any process
- Measure gap survival probability — for any process

- Measure p; - if we want to separate pp from yp

- Test pQCD approach in models (e.g. Pomeron structure)

O Special runs with low pile-up: participate if there will be any

O Nominal runs:
- Huge pile-up — concentrate on exclusive processes where we can rely on TOF and exclusivity cuts

- May need to ask for special runs with medium pile-up (u~30-50) to concentrate on flagship processes
- Complete the flagship chapters by collecting more statistics for:

1) DPE y+jet/dijets

2) QCD Exclusive dijets, trijets

3) QED Exclusive dileptons, WW, vy, ZZ

4) Diffractive photoproduction of e.g. dijets (see HERA example): yIP— dijets

5) DM searches: test models

1)-5): First measurements done in RUN 3

O Participate in Heavy lon runs:
= Hopefully will have some experience from RUN 3
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~ Exclusive WW/ZZ/yy : Anomalous quartic couplings

at high luminosities

U New Physics manifests itself by measuring non-zero anomalous
Quartic gauge couplings in new terms in Lagrangian for QED
exclusive WW/ZZ/yy production

U Signal expected at high masses
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Exclusive Higgs Boson

Advantages to standard searches:

1) RPs give a better mass resolution than Central det.
2) good S/B
3) J, = 0, CP-even selection rule:

- strong suppression of QCD bg

- produced central system is 0**
4) complementary information about quantum
numbers (a few events are enough and no need for
coupling to vector bosons)
5) information about CP-violation effects
6) information about Yukawa Hbb coupling

e o—
Theory understood (KMR, Pasechnik, Szczurek, ...)
Experimental techniques studied in great detail

All well-documented

« Signal selection efficiency ~ 5%

Higgs mass known — S/B can be greatly improved
Detailed sim would have to be redone
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(Very strong) Evidence
For Dark Matter
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DM searches
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Thermal freeze out of dark matter in the standard

cosmological model

* Weakly Interacting Massive
Particles (WIMPSs) were produced in
Big Bang

0.0001

* The equilibrium abundance is
maintained by pair annihilation and
vice versa

* Due to the expansion of the
Universe, the rate of the annihilation
goes down and freezes.
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Shake it!

M searches —

Break it!

-t

Accelerators

to look for WIMPs

Make it!

Budnik, LP2017
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What is its mass?

~eV ~keV ~MeV ~GeV ~TeV ~100 TeV

< : | : If thermal,
generally nonthermal ‘ generally
« not pointlike
_ Traditional (unitarity)
bosonic thermal e
i . window
new “simple >10"1% GeV
-21
S ey themalreic WMPS primorda
predictive black holes?
AXIONS window?
DARK
PHOTONS
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""" DM searches: Direc
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R. Budnik, LP2017
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DM searches with AFP (exclusive yy)

Q Signal (WIMP itself): massive, neutral, weakly interacting particle | KMR, J.Phys. G44 (2017) no.5, 055002
O Signal with AFP: p(AFP) + invisible(Central Det.) + p(AFP)
- X-section ~ fb

dG/dﬂY (mb)

10

O Backgrounds from neutral particles (escaping CD): N*— p+T'—p+2y
1) Bremsstrahlungp—-p +vy
2) Dissociation p - N»p+n® > p + vy

3) Resonance decay p—> N> p+vy

.....,premstr.
p—p+Y

Suppressed by vetoing using ZDC or using LHCf (see next slide). .
But the fate of LHCf at HL-LHC unclear. 2
Suppression to ~nb level needs:

- ZDC coverage to be increased to + 1.5mrad

- ZDC to have > 5 rad.lengths (photon detection efficiency > 99%)

dN,,/dY

0 Background from charged particles (escaping CD):. i

Bgd taming difficult:
Hp->p+nn”

- ZDCs/Calo need to be
upgraded

Suppression to ~nb level needs: - Low pile-up needed
- Calocoverage 5.5<n<95

- > b5rad. lengths

M,<1.9 GeV

¥
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DM searches with AFP (exclusive YY)

QO Signal (WIMP itself): massive, neutral, weakly interacting particle | KMR, J.Phys. G44 (2017) no.5, 055002 ‘
0 WIMP + visible SM patrticle (g, q, v, Z, W, h): large missing E
BUT! In exclusive yy collisions and Compressed mass spectra scenario: missing E; not large

Lightest SUSY Particle close in mass to parent spatrticle

O E.g.yy — 2 charginos — 2 heavy invisible neutralinos (LSP) + Ivlv, p(l) ~ 3-10 GeV
O Then signal with AFP: pp — p(AFP) + 11 + missing E; + p(AFP)

Backgrounds:

1) p dissociation in QED exclusive yy — II: tamed by

- vetoing using ZDC

- requiringetu” ore p*

- separating mass peak at ~ 20 GeV from > 200 GeV

2) QED exclusive WW — lvlv: suppressed to ~fb level just by requiring p+(l) < 10 GeV

(a) (b) ()
— P — r p - > P
s a : :
¥ ¥ L] - . Better outlooks than previous signal
—_— TS L s process: current devices suffice to
V. tame the background.
~V
S i . L S | .
T — > H ey Low pile-up needed?
Y Y 70 Y
> P s i ‘ > P
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SUMMARY

RUN 2 & 3:

« perform diffraction and forward physics analyses (exclusive processes extremely important)
» try to measure photoproduction

* try to search for DM

HL-LHC:

* important discussion should start now

« programme must be attractive to be supported by the rest of collaborations,
l.e. concentrate on exclusive processes searching for New Physics

People to analysis teams are wanted. We have to show Fwd proton detectors work
and are useful in order for us to be taken seriously for HL-LHC plans
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BACKUP SLIDES
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Identified particles at very forward direction

n® at 7 TeV, pp

LHCf, PRD 94 (2016) 032007

(e)9.6<y<98 ][

(H98<y<100 ||

(g) 10.0 < y < 10.2]

,._
.,
RS-

, 0.0 0.5 1.00
(j) 10.6 <y < 10.8 | pr [GeV]
3IF —— DPMJET 3.06
I S s EPOS LHC
IR -~ QGSJET II-04
0 SIBYLL 2.1
B 1= 1 BEIEITS PYTHIAB.185
3 j 4  LHCf (stat.+syst.)
0.5 1.00.0 0.5 1.0
py [GeV] py [GeV]
Neutrons at 7 TeV, pp | LHCf, PLB 750 (2015) 360
= 06090 o 24310
> >
3 [ EI LHCfYs =7 TeV == DPMJET 3.04 g 22 III LHCfYs =7 TeV == DPMJET 3.04
E o5 = EPOS 1.99 PYTHIA 8.145 E 2 == EPOS 1.99 PYTHIA 8.145
E = QGSJET II-03 == SYBILL 2.1 ; — QGSJET 11-03 wes SYBILL 2.1
] g 1e
S oaf £ 16
: 14
o3f 12
- 1
0.2f 0.8
06
01f 04
= : : 0.2 ,
0™""506"~000 1500 200023003000 3500 005007000 1500 2000 2500 3000 3500

11/08/2017

Energy [GeV]

Energy [GeV]

M. Tasevsky, Soft QCD Measurements at LHC, LP2017

Photons at 13 TeV, pp | LHCf, CERN-EP-2017-051
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LHCTf: soft neutral particles at very forward direction —
constrains models for cosmic rays:

Q X4 (Sshower maximum position) modeling needs:

oP~ %" & forward identified particle spectra

inel

O hadronic interaction modeling needs:
correlation between central and fw particle production
(ATLAS vs LHCf or CMS vs TOTEM)
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