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Why soft photons

—Xpect soft photon production in hadronic collisions to be described by A
QED (inner bremsstrahlung as calculated according to Low’s theorem) 4

Several experiments found a factor 4 (or so) excess above p P,

iINnner bremsstrahlung signal (“soft photon puzzle”)

| . Y ”
False measurements or interesting fundamental phenomenon? P, p,
P,

Can resolve this long-standing puzzle with ALICE 3
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Formula for inner bremsstrahlung as used by experiments

2
dN*y a —1 3 - 3 - 77ieiPi thadrons

— Y — d d - N
$k (2n) EW/ LS ( ,- P,-K) 3Py ... 3P

Z . sum over N + 2 particles (2 incoming, N outgoing)

]

—

K, k : photon four- and three momentum (E, = k|)

P;, p; - four- and three momentum of particle J
e; = 1 for positive particle, e = —1 for negative particle

n; = 1 for outgoing particle, n; = —1 for incoming particle

Valid for long wavelengths with which one cannot resolve the temporal
and spatial structure of the collision (only incoming and outgoing
charged currents matter)

—rancis E. Low, Phys.Rev.Lett. 110 (1958) 468
DELPHI, Eur. Phys. J. C 47, 273 (20006)
Belogianni et al. (WA102), Phys. Lett. B 548, 129 (2002)

Derivable from the Low paper

“Tree-level exact”, I.e., there are no
loop corrections In the limit £, = O

Coincides with formula obtained
IN classical electrodynamics

P0ssible approximation:
Qutgoing current defined by

rapidity distribution p(y) of
outgoing charges

» Soft photons sensitive to different
stopping scenarios (Landau,
Bjorken, ...)

» Park, Wiedemann, 2107.05129
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Anomalous soft photon production: signal > prediction in many experiments

Collision

Photon / Brems

Reference

Experiment el energy Photon pr Ratio Detection method (click to go to paper)
mp 1979 10.5 GeV pr < 30 MeVl/c 1.25 + 0.25 bubble chamber ~|ooshawetal. 1979
" AZ;(,+|(O:ERN 1984 70 GeV pr< 60 MeV/c 4.0 0.8 b”b'?:gEcé‘g;“be" Chiipnikovetal.
CERN. EHS.NA22 | 1991 | 250GeV | pr<40MeVic 6.4%1.6 b”b'?:gccgg;“ber Bofterweck otal.  on
CERN. EHPS A 1991 250 GeV pr < 40 MeV/c 6.9+1.3 b”b'?:gccgé;“ber Bofterweck et al. o)
CERN, WK_S%, OMEGA | 1993 | 280GeV pr= 10 Nev'e e calorimeter |2 e 05, 182 (1993)
p-Be 1993 | 450 GeV pr < 20 MeV/c <2 Pa‘cra‘;gr'me;f;f"’ pnlos oAl a7 (1993
p-Be, p-W 1996 18 GeV pr <50 MeV/c < 2.65 calorimeter tff:.léfftcaslé (1996) 1918
CERN, WK_QI?I,, OMEGA | 1997 | 280GeV pr = 20 Nev'e caes pair conversion | g7 oS SN S 487 (1e97)
CERN, WK;)?I,, omeGga | 2002 280 GeV pr =20 Nevie 5.311.0 pair conversion %ﬁ%. 122 (2002)
CERN, WAI?I%Z, omeGga | 2002 450 GeV pr =20 Nevie el 230k pair conversion Eﬁ_g—m 129 (2002)
CeI;(I:NT)DéIj_(IeDt:II 2006 | 91Gev (CM) | PT=50 MeVie 4.0£0.3%1.0 pair conversion EE:_ IIDDII-:Iys. J. C 47, 273 (2006)
CeE+|§;\I,_I)3£Iig;-II 2008 | 91GeV (CM) | P77 50 Mevie ~ 1 pair conversion %s. J. C57, 499 (2008)
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Measuring soft photons through conversion

Ey = 100 MeV: easy Ey = 20 MeV: not so easy

tracking layers in a
dipole magnetic field

~ 32 Ccm

Can measure photons through conversions down to £, = 50-100 MeV
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Proton-proton collisions at the LHC:
Bremsstrahlung signal larger than decay photon backgr. for pr = 4 MeV/c

107

S | | | E
- ALICE 3 Study -
- pp, Vs =13 TeV ]
= 3< n< 5 —
- L egeeees
m *fﬁ -
= decay photons (PYTHIA 8) —=
- soft photon expectation (0.033/p_) —

| I | I I | I I | I I | I I |
0 2 4 6 8 10
p, (MeV)

Decay photon background drops for pr < 10 MeV/c

Region of special interest: 1 = pr= 10 MeV/c

E
pT = DA coshn =~ 10, 27, 74 forn =3, 4, 5
cosh 7

pr =10, 3.7, 1.3MeV/c
for n = 3, 4, 5 and E, = 100 MeV

Need to measure soft photons at forward rapidities
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Soft photons with ALICE 3: Forward Conversion Tracker (FCT)

Cryostat with RICH TOF
solenoid and dipoles

Muon
absorber

Muon
chambers

FCT

racking of electrons/positrons from photon conversions directly
N front FCT in dipole field

JBdI_1Tm

Solencnd - d||oole COI|S

0.55_ [created by dipole coil]
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Key Issue In soft photon measurement:
Background of bremsstrahlung photons produced in front of the detector

background photons

primary electron or positron

photon

General strategy: minimize material in front of FCT

Avoid crossing of beampipe at shallow angles (d = d, cosh p)
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Analytical Insights into external bremsstrahlung background:
Bremsstrahlung spectrum
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—nergy spectrum of bremsstrahlung
photons (from particle data book):

dN,ty)Ck' per electron B 4 d 1 1 I 3 k
dk - 3Xo \k E. 4E2
4 1
~ d for k < E.

T3 X, k / \

shoton energy electron energy

Assume that each electron contributes to
the background as if its energy was infinite
(should be a conservative estimate)
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Analytical insights into external bremsstrahlung backgrouna:
Bremsstranlung from primary electrons and conversion electrons

Bremsstrahlung background from primary electrons (mostly from Dalitz decays):

dNSCk,e, prlm B dNe' pr|m d 4 1
— dden N d77 XO 3 kT

inear in d/Xo

Sremsstrahlung background from conversion electrons:

dNEek e conv 1 geconv g 4 ] dINe: conv dN 7d _dN™
B ~ = X =2 X pe X —+ =2 X X 2
dkTdn 2 dn Xo 3 kTt dn dn 9 Xo dn
/ produced electrons and
quadratic in d/Xo positrons approximately pass

through half of the material

—qual contribution for d/Xo = 1.3%, for larger material thickness conversion background dominates
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Analytical insights into external bremsstrahlung background:
Significance of the soft photon signal

significance in units of o

50
— signhal = inner bremsstrahlung
signal = 4 X inner bremsstrahlung
40
30 - background uncertainty:
Utr)elative = 59,

20 -
10 -

O | | | | | |

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Material in front of photon detector (d/Xg)

Inner bremsstrahlung (pp, 13 TeV, based on
charged particles from PYTHIA 8):

2 asignal
dNsignal 9y Martin VAIKI

dkT kt
0.018 for3 <n <4

a8 = £0.016 ford <n<5
0.034 for3 <n <5

. d
Signal = background for < ~ 5%
0

Significance (background subtraction):

S

Uzelatlve . b

significance =

On the save side with material budget of less than 10% Xo
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(Geant simulation of background photons [Tim Rogoschinski

Track particles produced in pp at 13 eV
through detector setup
(g4me toolkit)

Setup
» standard beampipe
(not optimized for soft photon
measurement)
» barrel tracking layers
» forward disks

Compare background photons for

Fraction of events without  3<#7<5:1413/20000 = 7.1% WO CASes

an electrons or positron N 3 ., < 4: 2115 /20000 ~ 10.5% » all events

the given pseudorapidity 4 < n < 5: 6029 / 20000 ~ 30.1% » events without electrons/positrons
range: | in pseudorapidity range of the FCT
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Background photons for all events and for events without and electron In
the pseudorapidity range of the FCT (3 < n < 5) [Tim Rogoschinski

,'..‘“102 E I | | | | | I I | I I I I | | | I I I I = -1'“102 E | LI I | | | | | | LI | U | | | | 1 | =

% - ALICE 3 Study . % - ALICE 3 Study, full setup .

= - g4me simulation, pp s =13 TeV . 3 - g4me simulation, pp s = 13 TeV N

_8.'- 10 = PYTHIA 8.304, SoftQCD:nonDiffractive = -8:- 10 = PYTHIA 8.304, SoftQCD:nonDiffractive =

> - | GEANT 4.10.07 patch-01, FTFP_BERT - > - | GEANT 4.10.07 patch-01, FTFP_BERT %
© 'l 30<7n<5.0, E, >10MeV . ©  I'| 30<n<5.0, E,>10MeV
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- +— soft photon expectation (0.033/p,) - - »— inner Bremsstrahlung (o.osslpi :
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Key element of measurement strategy:

identify and reject events with an electron or positron in the n range of the FCT
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Omega spectrometer — WA102

4x106 events (with less than 8 charged tracks)

p+p fixed target experiment at poeam = 450 GeV/c L 80000 |- ® oo 9 i ® Doia—80
) > C o) > 60000 [~ 4)
570000:_ O BG 5 i A Brems
N - N -
QQ Magnet Q 2&60000 - + A Brems| Z 001 <
*B=12T T - + !
i - }
CS.F’.C.(L) MWPC's 2 coo00 | Og\(/)lsmrad 40000 :& 6<(:21:)/Iénrad
\l . . I 30 nCMS 5 12 e g
| — /6"' E _ Y - /
beam =V / o 40000 |- -
—p  —fHHHHH —ulév—& o - 30000 |-
AT UGN i | s
| Target O 30000 ksecondary -
T 1 mm lead sheet _ photons and + 20000 ~_
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S.P.C.(R) 20000 |- \{}-0—0- - #
i L i -O- - A
- & 0@ 10000 | _
10000 Fx  _, O AT ++
i -O- i -\~
ad e . .4 ! A +*—0—
i 0 a0 T A A A A 0 L b L rldear A A
. 6m R 0 0.005 0.01 0.015 0.02 0 0.005 0.01 0.015 0.02
P, (GeV/c) P; (GeV/c)
- CMS > 1
Most of the excess above inner bremsstrahlung at , 2
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Importance of the photon isolation cut in WA102

Table 1

Calculated soft gamma yields (0.2 < £, <1 GeV, 6 < 20 mrad).
The quoted errors are statistical. The systematic errors for back-
ground calculations are estimated to be 10%, and for inner

Inner bremsstrahlung signal
~ secondary y background

bremsstrahlung 5%

Source Number of y per event (%) Secondary y’s:
(see text for definitions) corrected for conversion ' COcCim
probability : baclk %’youu\cj Ph o¥ey

} Ve{'cc. tect bn

(@) Imnerbremsstrahlung  1.1640.02 {—2 - -

(b) s from hadronic docays  L70£0.03 n—— (€0 £abio Cut
(c)  Dalitz pairs 0.05+0.01 % Lron M comvesher

(d)  Knock-on electrons 0.008 £0.003 w:& &S

(e) ___Spurious y’s (1+£1) x 103 a.-& { G o {

(h)  y’s from secondary

“Additionally, pairs from photons of £, > 1 GeV
converted in the lead sheet can degrade to energies

interactions < 0.7 (95% C.L.) below 1 GeV due to bremsstrahlung. The latter process
Sum over sources (b) to (g) 309+ 0.09 represents the major part of this background source
(full non-direct photon after the application of the isolation cut”

background)
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Background photon rejection in the DELPHI measurement:
Only jets without an electron or a positron considered

’hoton range:
02 <E, <1GeV

pr < 80MeV/c

Observation:
(69.1 £4.5+15.7) x 1072 y/jet

[— probably very hard to do analysis in
pop or AA due to underlying event]

—Xpected from inner bremsstrahlung:
(17.1 £0.01 £ 1.21) x 1072 y/jet

Ratio:
40+03=x1.0

jet axis >\

Dr Y

_ ‘ N
‘\
\
\

\

About 7% of all photons
convert in front of the TPC
(— d/Xo = 9%)
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|[deas for the FCT and beampipe layout in ALICE 3 (1)
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Measurement In 3 < N < 5, large distance to interaction point presumably
makes photon isolation cut less efficient
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|[deas for the FCT and beampipe layout in ALICE 3 (2)
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Measurement only in 4 <n <9, d/Xo ~ O(a few %) + 0.1% X coshn
oresumably isolation cut more efficient ——
7.4%
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Conclusions

= Motivation for ultra-soft photons with ALICE 3:

» Bremsstrahlung as calculated according to Low’s theorem is a robust theoretical prediction
» Gonfirm or refute earlier measurements showing strong excess above prediction from Low’s theorem
» Resolve the puzzle!

= Dominant background:

= \With a
Low’s t

ﬂ

h

eore

M IS

‘easible with ALIC

- 3

» External bremsstrahlung produced by electrons and positrons (mostly from photon conversions)
» Importance of rejecting events with electrons/positron tracks and/or photon isolation cut

naterial budget of not more than 10% Xo In front of the FCT an experimental test of

Soft photons with ALICE 3 | K. Reygers
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Extra slides
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FCT performance estimate:

Energy resolution, pointing resolution and efficiency

Pr , (MeV/c) forn=4
5 10 15

ALICE 3 Study

FCT performance estimate
converter: 100um Pb

11 Si layers, thickness: 50 um
position resolution: gpes = 5um
dipole field: B=0.5T
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Background from ete- pairs produced In electromagnetic processes

el
o
I

I IIIIIII| I IIIIIII|

[Georgijs Skorodumovs]

I IIIIIII| I IIIIIII|

ALICE 3 Study
pp, V/s = 14 TeV

w IIIIII|

I IIIIII|

I IIIIIIII

UPC pp —» ete™
STARIlight + g4me

] IIIIIIII 11 i

=
o

107"

1
pr (MeV)

n € (3, 3]
ZFCT =35 m

@ Inner Bremsstrahlung

@® Total UPC
® Bremsstrahlung
@ Annihilation

I

[l

.

10

10°

P P
Y —
Y
y -
P P

—stimate based on S
Geant4

ete- pairs created
IN €.mM. Processes

e+
create external
) bremsstrahlung in
C
the detector
material
ARIlight and

Comparison is per bunch-crossing

Relatively small background
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DELPHRI soft photon excess above bremsstranlung:
Dependence on pr w.r.l. jet axis

n

¥ F S ® RD/MC —Xcess extends to much larger prcompared to WA102
2 110 —¢ /
S } L “Real data”
1051 ey Same origin as for WA1027?

- LA Te O

100 - +Ts * +2 ++r
- +‘ | 'ﬁ Inner bremsstrahlung signal (siss) compared to background
L N R T (lbenchmark for ALICE 3 design goals):
0] 0.1 0.2 0.3 0.4
; of GeV/c
< ooty (Cev/e) s=RD-MC=~01-MC=0.1-b

N ; ® RD-MC S
E . - ++ ) A Brems S~ 4s5ps B> ~ 2-3%
R b
g0l ™
g A AN Ai+ $+ 7photon
N i £y A+-X+Aﬁ Y D
z 0 PR S SRS (9}/ T 02 <E, <1GeV

j L1 1 | | 1 1 1 | [ 1 1 | | L 1 1 |

0 0.1 0.2 0.3 0.4 jet axis

o of ¥ (GeV/c)
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DELPHI soft photon excess above bremsstrahlung: P photon ;
Dependence on polar angle w.r.t. jet axis 0, '
jet axis

Pseudorapidity along jet axis

O.2<Ey< 1 GeV 30 5 3 19 ﬂft
| | |
S 5 :
S - o2k
= - 09—
. O -
R ® -
% ™~ i
d 04 |
O B
Z of
95 B
lllllllllllllllllll -llllllllllllllllfll
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4
0, (rad) 0, (rad)

Most of the excess above bremsstrahlung calc. at nf;et > )
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