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The LHC as a photon collider

Surrounding electromagnetic field
— Coherent flux of photons

Photon-photon collision!

Lydia Beresford Budnev et al Phys.Rept. 15 (19/5) 181-281
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LHC is world’s highest energy photon collider Energy frontier

up to ~TeV energies
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ATLAS forward detectors & LHCf
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ATLAS Pb+Pb UPC vy — UU PRC 104 (2021) 024906

Goal: Study y flux & dependence on neutron emission
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Use ZDC to categorise events:
no neutrons in ZDCs, no neutrons in one, > 1 in other, > 1 neutron in both 7
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CMS Pb+Pb UPC vy — Ul PRL 127 (2021) 122001

Goal: Study y flux & dependence on neutron emission

Requiring ZDC signal 1.6210° PbPb 5.02 TeV (1.5 nb)
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ATLAS Pb+Pb non-UPC yy — pu PRC107(2023) 054907

Acoplanarity & k | broadening for less peripheral collisions
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Is it due to muons being deflected in magnetic fields generated in QGP?

Prediction from PRL 122 132301: Broadening would vary as tanh | Ay |
(suppression near k; = O greater for larger | Ay |)

No strong dependence on | Ay | observed

ki = 2(pri + pr2) (7w — |91 — ¢l ) = wapr o
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ATLAS Pb+Pb UPC yy — ee JHEP 06 (2023) 182

Goal: Study 7 flux & dependence on neutron emission b

Measure cross-section after subtracting dissociation, Y & 77
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ATLAS & CMS Pb+Pb UPC yy — 17

Goal: measure the tau anomalous magnetic moment ‘g-2’

. . . q
Spin 1/2 charged particles magnetic moment: g =9 —
2m
y New
Y particles?
T4 N7
T T
g = ’
Dirac 1928 Schwinger 1948

(g —2)

Anomalous magnetic moment: g =

2
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ATLAS & CMS Pb+Pb UPC yy — 17

Yy — 77 cross-section & lepton pr sensitive to tau g-2

Pb Pb
14
N T v,
Vs
T m
q:
v T

Pb Pb

ey, p+1 track & p+3 tracks [+3 tracks (u pr > 2.5 GeV)
(1 pT > 4 GeV)

- Measure differentially in muon pr

- Constrain y-flux in yy — uu CR

ATLAS & CMS clear observation of yy — 77 in Pb+Pb 12
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CMS Pb+Pb UPC vy — 17T PRL 131 (2023) 151803

7

Cross-section measurement of yy — 77

CMS PbPb - 404 ub™ (s, = 5.02 TeV)
: Pbe(W)%Pb(*)Pb(*)T*T"

I I 0 I I Data, 4.8 + 0.6(stat) = 0.5(sys)ub

L. Beresford and J. Liu,
Phys.Rev.D 102 (2020) 113008

M. Dyndal et al.,
Phys.Lett.B 809 (2020) 135682

4 5 6 - 9 10
o(yy—>1 1) [ub]
a, = 0.0011902 at 68% CL
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ATLAS Pb+Pb UPC Yy — 17T PRL 131 (2023) 151802

ATLAS constraints competitive with DELPHI
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ATLAS & CMS set first new constraints on a_ since 2004
For both ATLAS & CMS statistical uncertainty dominates

First measurements of 7 leptons in heavy ion collisions
Lydia Beresford 14
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ALP-photon coupling 1/A, [TeV™!]

PLB 797 (2019) 134826
ATLAS & CMS Pb+Pb UPC YY — VY JHEP 03 (2021) 243

Pb Pb(¥)
SM light-by-light scattering discovered at ATLAS Yy
Pb Pb(¥)

Existing constraints from JHEP 12 (2017) 044
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- Beam-dump ATLA (this paper)

| ook for narrow resonance in m
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ALP mass m; [GeV] ATLAS: E}, > 2.5 Ge\/, CMS: Ey > 2 GeV 15
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Run Number: 304431, Event Number: 2206548301
Date: 2016-07-25 05:01:07 UTC

EXPERIMENT

$ATLAS

/

\ , /,
NN
W\ %
Rsesg77/ |
RN NS
AW o WA /% “\\\\V\. NQW/QMN\.'

N

N\ 4

" S\ A <
LT, o
s
\‘\5,.. NAE IS
KN O
N NN 47
‘\\ »A\\ / I.,) 1,7,

7 | A=
>

NP A ;
N0 ACTARERY W) XX 7
’/« "/’/‘«;A{/"; \/ '4'4, \ ¥, .«QQON 4 \\\\
RN Af, \,\ \) O/‘ /M. ol‘ o‘f'..nk.,«\ o ~ ’\ //lﬂA
NN e
"4/4'”, RN IR S AR SR /i A \' 7, Z
0//«»@,\1.,..\.,.», < X DN
DN NECIR ! PN
NN ///, 4 a7
w"'/b//%v.. QY < /
SRR of
RSN
! \\V\V’(‘,'hwé 0 a2 i
N 2N / /NN NS <
A‘?"W\W\.\«W‘:‘\ N/ /~ f d X
IO
)

\

N

7

zjivg
W
) [
/

/

T2 \_\m\\
74 .A\
Am\\\n\\w\\\s\\ \
)/
i

1SION

Head-on
pp coll

Photon-fusion
pp collision

2

“’/.%»
W’”@,
VANV :: >

p AN —

9. A .uwru,_ Wﬁﬂ}!‘ =
7 XX/ 7 vi - .w LY/ n A\ //1\\v\, X

0 577 1 NS
ST ,.»/\x.,%wﬂ,,//,,??

7 1L e T ABNEESSL RN
N .AW,?/V ,,_,.—"I’)// \

707 Ji N N
AN
\! | ///

) \
s \..‘\\\\\E ‘ /
i A\
2 40N N\

£, Z

16

Vo)
™
Vo)
o))
—
O N
N ™M
O "
~ O
Te}
) e
8]
..n
S o
o
a7

LAS

XPERIMENT 2018-08-06 01:08:33 CEST

AT



ATLAS pp Yy — WW leptonic PLB 816 (2021) 136190

Observation of new process Key variable

. T T
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8.40 significance § oz;—/y ---------- — il p— . .
e
Omeas = 3.13 £ 0.31 (stat.) &= 0.28 (syst.) fb Number of reconstructed tracks,
Sensitive to anomalous Exploit track veto within 1 mm

gauge self-interactions window of ey vertex
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ATLAS forward detectors & LHCf
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ATLAS & CMS pp yy — [l + AFP/PPS

CMS pp /[ + p: 1st observation using CMS-PPS JHEP 07 (2018) 153
ATLAS ee/up + p: observation & 1st o measurement PRL 125 (2020) 261801
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Measure protons — Truly new info
& powerful bkg rejection!
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CMS pp Z/y + X + PPS EPJC 83 (2023) 827

Search for Z/y + X + pp events p

— [otal reconstructed mass
— Calculate mass of X (missing mass)

X could be Invisible, not-reconstructed

p
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CMS pp yy — VV hadronic + PPS  JHEP 07 (2023) 229

Targets high mass, hadronic WW/ZZ + pp

Standard Model: Pz -
- //Z not allowed at tree level
- WW mainly at low mass (negligible here)

Sensitive to BSM e.g. anomalous QGC
2 Large-R (0.8) jets + proton on either side

P1
Kinematic matching to reject bkg

- 1st limits via yy— ZZ production
- Dim-6 yyWW aQCG: 15-20x tighter than Run 1 limits w/o protons
- Dim-8 results close to CMS ssWW & WZ 13 TeV results after unitarisation

- Fiducial cross-section limits

See backup for search for exclusive tf + pp by CMS
21
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JHEP 07 (2023) 234

ATLAS & CMS PP Yy - 4 arxiv 2311.02725

+ AFP/PPS

Search for:
Yy + p (ATLAS); yy + pp (CMS)

Kinematic matching to reject bkg

p

ATLAS 7x smaller dataset but profits from single proton requirement
103 fb (13 TeV)
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CMS also set limits on 4y couplings, see backup 22
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https://arxiv.org/abs/2311.02725

Summary

Broad range of interesting two-photon fusion results

Typically statistically limited — Big gains for larger dataset

More p+p & heavy ion data being recorded!
(2023 Pb+Pb data already doubles existing dataset)

See Orlando Villalobos Balllie talk for more
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ATLAS Pb+Pb non-UPC yy — uu PRC 107 054907

Acoplanarity broadening for less peripheral collisions
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ATLAS Pb+Pb non-UPC yy — uu

k, broadening for less peripheral collisions

PRC 107 054907

Lydia Beresford
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ATLAS Pb+Pb UPC yy — ec¢

Lydia Beresford
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https://link.springer.com/article/10.1007/JHEP06(2023)182

ATLAS Pb+Pb UPC BSM Tau g-2

Re-weight SM signal MC to BSM a_ values based on PLB 2020 135682

3D weightinginm__, |y..|, | An_. ]|

Calculations based on same parametrisation as LEP

PLB 2020 135682 PRL 131 151802
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151802
https://www.sciencedirect.com/science/article/pii/S0370269320304858?via=ihub
https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
https://www.sciencedirect.com/science/article/pii/S0370269320304858?via=ihub

CMS Pb+Pb UPC Tau g-2

DELPH]I, ee—e(yy—rr)e
68% CL, Eur. Phys. J. C 35 (2004) 159

(") (")
CMS, PbPb—Pb (YY =T Tapr0ng) PO
68% CL, 0.4 nb’

CMS Phase 2 Projection Preliminary
Pbe%Pb(*)(Y’Y%’CM’C?)prong)Pb(*)s 68% CL, 13 nb’

Based on rate-only-analysis, assuming 4% uncertainty

—0.1 0 0.1

a’C
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ATLAS pp 7y — [| + AFP PRL 125 (2020) 261801

1st LHC cross-section measurements
for this process with a tagged proton

fd fd

OHERWIGHLPAIR X Ssurv Oeetp (D) 0 uurp (D)
Seury = 1 155+ 1.2 13.5+ 1.1
Squry Using Refs. [33,34] 10.9 4+ 0.8 9.440.7
SUPERCHIC 4 [97] 12.2 £+ 0.9 10.4 = 0.7
Measurement 11.0+£2.9 72+ 1.8

: : : [33] Harland-Lang et al EPJC 76 (2016) 9
Fiducial cross-sections & € [9.035,0.08] 34] Dyndal & Schoffel PLB 741 (2015) 66
compared to proton soft survival models [97] Harland-Lang et al EPJC 80, 925 (2020)
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https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.261801

CMS pp Z/y + X + PPS EPJC 83 (2023) 827

Search for Z/y + X events

— [otal reconstructed mass
— Calculate mass of X (missing mass)

X could be Invisible, not-reconstructed

The missing mass 1s defined as:

2
rmss_I:(Pm_|_Pm)_(pV_|_Pout P];)zut] ’ (1)

where Py is the four-momentum of the boson and Pg""™

(i = 1,2)are the four-momenta of the outgoing and incoming
protons, respectively.
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https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
https://link.springer.com/article/10.1140/epjc/s10052-023-11687-5

CMS pp yy — vy + PPS CMS-PAS-EX0-21-007
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https://indico.cern.ch/event/813670/contributions/3393454/attachments/1829348/2995282/2019.04.12_staszewski.pdf
https://cds.cern.ch/record/2810862

CMS pp yy — tf + PPS

1st search for exclusive 7 + pp

2310.11231

Not expected to be sensitive to SM production

(~0.2 fb in PPS acceptance)

Focus on two channels: £ & £ +jets

Kinematic fitter to improve resolution
of tt kinematic variables

BDT for signal vs bkg separation
— Fit BDT score & extract upper limits

Upper limit of 0.59 pb-1 at 95% CL

Lydia Beresford
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CMS PPS

CMS central detector
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