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The LHC heavy ion program

Pb-Pb Heavy ion trivia

LHC 2015 RUN (6.5 TeV/beam

—e— ATLAS 708.616 b °
—A— CMS 592,541 b !
—o— LHCb 6.586 ub '
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All 4 major experiments participate...

...but roughly 10-° times the data
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Ultra-peripheral collisions

High impact parameter (“grazing”) collisions

> //: lons remain intact
—_—

Low multiplicity particle production
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Ultra-peripheral collisions

High impact parameter (“grazing”) collisions
See also David’s talk later

> __ lons remain intact

Low multiplicity particle production

head-on collision ultra-peripheral collision




A y-y collider
RHIC: “golden flashlight”

Pb
Pb Ze/ ~ 5.5 TeV per nucleon @ LHC
>
M~ W — (this is a 1000 TeV collider)
A"JJ
4 i
/ Ze Pb 5 ﬂ{*ﬁ YY =YY (mvY >5 GeV)
Pb-Pb
Pb p-Pb

p-p

/=82 for Pb ions

/4 ~ 5 x 107

|
2 4 6 8 10 12 14 16 18 20
\'Snn (TeV)

/2 a>> 1

: : . 1305.7142: D. d’Enterria, G. Silveira
QED in non-perturbative regime



Equivalent photon approximation

Replace E, B fields with an equivalent flux of

\\// nearly on-shell photons

~
Wmax ™ R
A /

o
// \\ AN
\// bmzn = 2R \/g 2Wmaz
v \ D 1.6 fm 13 TeV 1.5 TeV

Pb 14 tm 1050 TeV 160 GeV

Low Bjérken x; & ~ 107?



Computing the photon flux

Welizsacker-Willlams calculation

\\ // Ny(w,b) = szjf‘hﬁiz (Kf(a:) + ,Y—EK(%(:U))

A

=
AN

Photon-photon luminosity

with x = wb/~vh
\\ //ﬁw@) = 3 [ b1 dwia Ny(wi,b1) Ny (w2, b2)

X F(‘bl — bg’) 5(§ — 4&)1&)2)

\ 4 \
/ / \ \ nuclear form factor




Computing the photon flux

STARIlight monte carlo (S. Klein et. al., 1607.03838)

from latest STARIlight manual

Channels of Interest:

2-Photon Channels
Currently supported 2-photon (prod. mode = 1) channel options:
jetset id particle

eta-prime
eta-c

9010221 fO(975)

225 f2(1270)

115 a2(1320)

335 f2(1525)

33 rho® pair

11 e+/e- pair

13 mu+/mu- pair
tau+/tau- pair
axion-like particle (ALP)

Process 88 refers to the single production of a hypothetical axion-like
particle (ALP), which decays to a pair of photons. The ALP mass has to be
specified by the user through the parameter AXION_MASS. The narrow width
approximation is assumed here, with a fixed axion decay constant of
\Lambda=1 TeV. (See equation (1) of arXiv:1607.06083 for the appropriate




Pb-Pb Luminosity SM App\ica’[iOn (‘)

now: ~ 1 np-
HL-LHC: ~ 10 nb-!
Higgs production in photon fusion

(GeV) (LHC)

100

with form factor

no form factor

e esssenl e Attt S btk et esesn—

200 300

m (GeV) (SSC)

H

Unfortunately, th|§ rate is too low... B. Cahn, D. Jackson (1990)



Pb-Pb Lumi~ 100 nb-! SM App\ication (‘)

At FCC

20 30 40 5060
/S (TeV)

Observation of Higgs in UPC is possible!

9 d’Enterria et.al. 1712.10104



SM Application (Il)

Exclusive meson production
e .

J/W production 00 production

Pb+Pb—Pb+Pb+JAp |5, = 2.76 TeV
' lyl<0.9

n
o

ALICE Pb-Pb |5, = 2.76 TeV
—4— ALICE, stal. errors

Soding (res.+cont.)

—e— Opposite sign pairs
~— Like sign pairs

N, =505 = 48
m,,,, = 3.098+0.002 GeV/c?
o, =25+0.2 MeV/c?
N, ‘= 17= 10
m,,. = 3.653+0.009 GeV/c?
o, = 25+0.5 MeV/c?
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BW resonance
Ross-Stodolsky

M(counts/40 MeV/c?)
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p.(n*n’) <0.15 GeV/c

12 14
M.... (GeV/c?)

(Similar results from CMS and ATLAS) 10
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SM Application (Il

Light-by-Light scattering

Pb o o Pb
'L\ .
f t

P - Pb

o
o

Expected exclusive diphoton yields after cuts
Pb-Pb fs=5.5TeV,L =1 nb’!

In'l<2.5, p}>2 GeV

B sovar—

(pb/GeV)

N W

/s =5.5 TeV, UPC
W..>5.5 GeV

dN/dm,, (GeV)

s
)
(a8
L0
Q.
T
L0
%
a
@)
o

1305.7142: D. d’Enterria, G. Silveira 1601.07001: M. Ktusek-Gawenda, et. al.
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ALP’s In ultra-pheripheral collisions
SK, T. Lou, T. Lin, T. Melia: arXiv:1607.06083

~

1 2 1.2 2 1l a
5(0a)* — smga* — 3 ¥ FF

Pb = Pb
C i U
3 a
m _
g SN1987a Y
CAST s B
Pb i

Cosmology

Logo Ma[eV]

1 GeV - 100 GeV range

see also
J. Jaeckel, M. Spannowsky: 1601.07001 A. B. Balantekin, et.al. Phys. Rev. Lett. 55, 461 (1985)

19 A. Natale, Mod. Phys. Lett. A, 09, 2075 (1994)



Triggers

CMS has two dedicated UPC triggers

2 photons with Ey > 2 GeV
or |
1 photon with Ey > 5 GeV ‘
Veto activity in at least one of AR
the forward calorimeters /
/

Events as clean as LEP but with LHC-grade detectors!
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Results

My, — 15 GeV Brem
m, = 40 GeV Fakes

LBL

A/ SNN — 5.5 TeV
[Ldt=1nb"
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Results

log <—+—> linear aF'F coupling log <—+—> linear aBB coupling

ATLAS, 24

" ppVs=T7TeV
— - Pb-Pb . /syy = 5.5 TeV

Most other limits are also new recastings

15 SK, T. Lou, T. Lin, T. Melia:1607.06083



Data

PbPb 390 pb™' (5.02 TeV)

N
(&)

e Data, 480 ub” ATLAS Preliminary

yy—svy MC .
g\}\}—»é'—e vwe Pb+Pb \s,,=5.02 TeV

D CEP ¥Y MC

—l— Data

] LbL vy - vy (MC)
. | CEP (gg — v v) + other bkg

[ ] QEDyy > e'e (MC)

Events / 3 GeV
N
()

Signal selection
Aco < 0.01

Events / (2.5 GeV)
o

—_
o

5 10 15 20 25 30 1 . 14 1% 18 20
1702.01625 m,, [GeV] 1810.04602 Diphoton m"* (GeV)

Standard Model is victorious once more! (~40)
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Limits on ALP'S

< log| linear scale — «log| linear scale —

e'e —»2y (OPAL) | V

e*e —3y (OPAL) pp—2y (ATLAS) e*e -3y (OPAL) pp—2y (ATLAS)

pp—Z(3Y) <ATLAS>\/\[v \ w(‘\,(

~—e—— PbPb (5.02 TeV) — vy, observed - ~—e—— PbPDb (5.02 TeV) — vy, observed
PbPb (5.02 TeV) — vy, expected e PbPb (5.02 TeV) — vy, expected

10 20 30 40 50 60 70 80 90 100 ‘ 10 20 30 40 50 60 70 80 90 100
m, (GeV) m, (GeV)

CMS: 1810.04602

Competitive limits if the a-Z-y coupling is somewhat smaller

(difference with projections driven by slightly lower lump and lower reco efficiency)

17



-uture directions? (1)

(Or “why | didn’t write more papers”)

Baur et. al. 0112211
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-uture directions? (1)

(Or “why | didn’t write more papers”)

The pdf falls like a rock
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You have to be light-ish AND
only pay small parameter once

400

W(yy), GeV/c’

Baur et. al. 0112211
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-uture directions? (1)

(Or “why | didn’t write more papers”)

The pdf falls like a rock
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You have to be light-ish AND
only pay small parameter once

W(yy), GeV/c’

Baur et. al. 0112211

Checked: chargino’s, dark photons, milicharged particles, ...
18



-uture directions? (Il

(Or “why | didn’t write more papers”)

hadron

Many backgrounds
are also Z4 enhanced

~
> S
oY) > "
S - >
~ ~ =
~ S ’s
[~ o S
o~ < -
N } N
E - 3
L) ~
]
= s S
r:t ®
-

Diphoton final state is the
exception, not the rule

Baur et. al. 0112211
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