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“A next-generation LHC heavy-ion experiment” arXiv:1902.01211
ALICE 3 LOI: LHCC-2022-009         

 One new capability of this detector design: measuring ultra-soft photons at forward rapidity

 At LHC,  a new detector ALICE 3 
 is planned for the 2030s.

• Calculate the spectrum of bremsstrahlung photons from stopping in PbPb@LHC. 

• Ask whether this spectrum can be measured with ALICE 3.

Our plan:

(pT ~ 10 MeV) (up to rapidity 4)
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An earlier proposal to measure bremsstrahlung from stopping

• This idea is not new but actually is as old as the field of heavy-ion physics:

Kapusta 1977; Bjorken and McLerran 1985

• Calculations of classical electromagnetic bremsstrahlung in the late 1990s; 
   The effect is measurable; Proposed a detector at RHIC but it was never realized 

Jeon, Kapusta, Chikanian and Sandweiss, 1998

Image from Jack Sandweiss Memorial by Evan Finch at SQM 2021 

PRC 58 (1998), 1666 
Jeon, Kapusta, Chikanian and Sandweiss
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Bremsstrahlung from stopping

• Pb-ions are 82+          each PbPb collision decelerates a net-charge 164+                                                                                                       

• Classical Electrodynamics: charge deceleration          photon bremsstrahlung 

• Why is this interesting?

 Robust prediction but never measured          experimental challenge                                                                                                         

 Bremsstrahlung sensitive to the degree of longitudinal stopping

 Longitudinal stopping determines rapidity distribution of net electric charge 

<latexit sha1_base64="y1r8mxsIWyVCYqJIaPHQ8+b0Cd8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyUpoh6LXjxWsB/QhrLZbtqlu5uwuxFC6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9C73u09UaRbJR5PG1Bd4LFnICDa5dJEO3WG15tbdOdAq8QpSgwKtYfVrMIpIIqg0hGOt+54bGz/DyjDC6awySDSNMZniMe1bKrGg2s/mt87QmVVGKIyULWnQXP09kWGhdSoC2ymwmehlLxf/8/qJCW/8jMk4MVSSxaIw4chEKH8cjZiixPDUEkwUs7ciMsEKE2PjqdgQvOWXV0mnUfeu6o2Hy1rztoijDCdwCufgwTU04R5a0AYCE3iGV3hzhPPivDsfi9aSU8wcwx84nz93n43e</latexit>�y0
<latexit sha1_base64="0rZ/76LYNRXtagCn56D5D7NrYY4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHkyXoR3QoecgZNVZ6yPpuv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02MP6HKcCZwWuqlGhPKxnSIXUsljVD7k/mpU3JmlQEJY2VLGjJXf09MaKR1FgW2M6JmpJe9mfif101NeO1PuExSg5ItFoWpICYms7/JgCtkRmSWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZrd1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEN/I2n</latexit>y0

<latexit sha1_base64="gYJa+h4eRi6XDaD289+2EUHPjMA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6l9Va86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe2OMuw==</latexit>

0

?

<latexit sha1_base64="BNgkTIIwM4Xj4VWmUZUJQoZR76w=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0Wom5DE0FZELLpxWcHWQhPKZDpph04ezkwKIfQ73LhQxK0f486/cdJWUNEDFw7n3Mu993gxo0IaxodWWFpeWV0rrpc2Nre2d8q7ex0RJRyTNo5YxLseEoTRkLQllYx0Y05Q4DFy542vcv9uQrigUXgr05i4ARqG1KcYSSW5Dh9F1fQYnkPn7KJfrhj6aaNm2TVo6IZRNy0zJ1bdPrGhqZQcFbBAq19+dwYRTgISSsyQED3TiKWbIS4pZmRachJBYoTHaEh6ioYoIMLNZkdP4ZFSBtCPuKpQwpn6fSJDgRBp4KnOAMmR+O3l4l9eL5F+w81oGCeShHi+yE8YlBHME4ADygmWLFUEYU7VrRCPEEdYqpxKKoSvT+H/pGPpZk03b+xK83IRRxEcgENQBSaogya4Bi3QBhjcgwfwBJ61ifaovWiv89aCtpjZBz+gvX0CGa2RBg==</latexit>

⇢(y) = ?
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Classical bremsstrahlung

• The intensity of photons of energy      in direction    from charge current                                                                                                      <latexit sha1_base64="4tGov5OOwARMwpDHwlweTJCzcuA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUznpBSOS0X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJb/yMyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSeui6l1VLx9qlfptHkcRTuAUzsGDa6jDPTSgCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gAidI9y</latexit>n<latexit sha1_base64="ToxSCRcw9BnraI6vCsDAfp/HUZg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegF48RzAOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTv3WE9WGKflgxwkNBR5IFjOCrZOaXSXoAPfKFb/qz4CWSZCTCuSo98pf3b4iqaDSEo6N6QR+YsMMa8sIp5NSNzU0wWSEB7TjqMSCmjCbXTtBJ07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwdZkwmqaWSzBfFKUdWoenrqM80JZaPHcFEM3crIkOsMbEuoJILIVh8eZk0z6rBZfX8/qJSu8njKMIRHMMpBHAFNbiDOjSAwCM8wyu8ecp78d69j3lrwctnDuEPvM8fks2PIw==</latexit>!
<latexit sha1_base64="GuQmEeAoOSpFP1kcAzE8Qkr5Puc="></latexit>

d2I

d!d⌦
= |A|2 , A(n,!) =

Z
dt

Z
d3xn⇥ (n⇥ J(x, t))ei!(t�n·x)

Eq. (14.67) in Jackson, Classical Electrodynamics (1998) 3rd ed.

<latexit sha1_base64="Dng/fS80eHTchzZZDcdGv2WK25w=">AAACOHicbVDLSgMxFM3UV62vUZdugkWoFMuMiroRim7EjRXsA9qxZNJMG5rJDElGKMN8lhs/w524caGIW7/ATFtQ2x4InJxzL/fe44aMSmVZL0Zmbn5hcSm7nFtZXVvfMDe3ajKIBCZVHLBANFwkCaOcVBVVjDRCQZDvMlJ3+5epX38gQtKA36lBSBwfdTn1KEZKS23zpuUj1XO9+DqB5/D3cx8XKN9P2nExgcVZ+sGUHkRKG2beKllDwGlij0kejFFpm8+tToAjn3CFGZKyaVuhcmIkFMWMJLlWJEmIcB91SVNTjnwinXh4eAL3tNKBXiD04woO1b8dMfKlHPiurkw3lZNeKs7ympHyzpyY8jBShOPRIC9iUAUwTRF2qCBYsYEmCAuqd4W4hwTCSmed0yHYkydPk9phyT4pHd0e58sX4ziyYAfsggKwwSkogytQAVWAwSN4Be/gw3gy3oxP42tUmjHGPdvgH4zvH7YYrF0=</latexit>

J = J(in)
+ + J(in)

� + J(out)

• Incoming current: incoming charges with projectile rapidity       along the beam direction
<latexit sha1_base64="xF2+1Dnriudo0aLfowFKMmKS2HQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVqEeiF4+QyCOBDZkdGhiZnd3MzJrghi/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8Hoduo3H1FpHsl7M47RD+lA8j5n1Fip9tQtltyyOwNZJl5GSpCh2i1+dXoRS0KUhgmqddtzY+OnVBnOBE4KnURjTNmIDrBtqaQhaj+dHTohJ1bpkX6kbElDZurviZSGWo/DwHaG1Az1ojcV//Paielf+ymXcWJQsvmifiKIicj0a9LjCpkRY0soU9zeStiQKsqMzaZgQ/AWX14mjbOyd1k+r12UKjdZHHk4gmM4BQ+uoAJ3UIU6MEB4hld4cx6cF+fd+Zi35pxs5hD+wPn8AevdjQY=</latexit>z

: incoming charge density in the transverse plane

<latexit sha1_base64="zo5uJS3TPNN64g6DBeM4QnRdts0=">AAAB6nicdVDLSsNAFJ34rPVVdelmsAiuwiSGtu6KblxWtA9oQ5lMJ+3QySTMTIQQ+gluXCji1i9y5984aSuo6IELh3Pu5d57goQzpRH6sFZW19Y3Nktb5e2d3b39ysFhR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Krwu/dUKhaLO50l1I/wWLCQEayNdJsN0bBSRfZFo+Z6NYhshOqO6xTErXvnHnSMUqAKlmgNK++DUUzSiApNOFaq76BE+zmWmhFOZ+VBqmiCyRSPad9QgSOq/Hx+6gyeGmUEw1iaEhrO1e8TOY6UyqLAdEZYT9RvrxD/8vqpDht+zkSSairIYlGYcqhjWPwNR0xSonlmCCaSmVshmWCJiTbplE0IX5/C/0nHtZ2a7dx41eblMo4SOAYn4Aw4oA6a4Bq0QBsQMAYP4Ak8W9x6tF6s10XrirWcOQI/YL19Am25jeg=</latexit>y0

<latexit sha1_base64="tq6ljLG7Pu5jCFwPxgjMWIX++i0=">AAAB+HicdVDLSgMxFM3UV62PVl0qEiyCq5IZS1sXQtGNyxbsA9oyZNK0Dc1khiRTqKVLv8KNC0Xcuup3uPMb/AkzrYKKHrhwOOde7r3HCzlTGqE3K7G0vLK6llxPbWxubaczO7t1FUSS0BoJeCCbHlaUM0FrmmlOm6Gk2Pc4bXjDy9hvjKhULBDXehzSjo/7gvUYwdpIbiY9chE8h22NxQCOXeRmsih3Vio4+QJEOYSKtmPHxCnmT/PQNkqMbPlgVn2/PZxV3MxruxuQyKdCE46Vatko1J0JlpoRTqepdqRoiMkQ92nLUIF9qjqT+eFTeGyULuwF0pTQcK5+n5hgX6mx75lOH+uB+u3F4l9eK9K9UmfCRBhpKshiUS/iUAcwTgF2maRE87EhmEhmboVkgCUm2mSVMiF8fQr/J3UnZxdydtXOli/AAkmwD47ACbBBEZTBFaiAGiAgAnfgATxaN9a99WQ9L1oT1ufMHvgB6+UDOZ6V4g==</latexit>

v0 = tanh y0
<latexit sha1_base64="LIIudGnNzjlgiCPqOwET4dJmKCk="></latexit>

y0 ' ln
⇣p

sNN

mN

⌘

• Outgoing current at shifted velocity           after collision at time 
<latexit sha1_base64="Par/cejhgxkwqwxqHBw9DCUbHY0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1ItQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aPXBwOO9GWbmBYkUBl33yyksLa+srhXXSxubW9s75d29polTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrBxwn3I/oQIlQMIpWuscrt1euuFV3BvKXeDmpQI56r/zZ7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZqRNyZJU+CWNtSyGZqT8nMhoZM44C2xlRHJpFbyr+53VSDC/9TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0SjYEb/Hlv6R5UvXOq6d3Z5XadR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqSOfZeXPe560FJ5/Zh19wPr4B0veNgQ==</latexit>

t = 0
<latexit sha1_base64="c92dBp4x6G1R++AyOcS1io7D06k=">AAAB63icdVDLSsNAFJ3UV62vqks3g0Wom5Ckoa27ohuXFewD2lAm00k7dDIJM5NCCP0FNy4UcesPufNvnLQVVPTAhcM593LvPX7MqFSW9WEUNja3tneKu6W9/YPDo/LxSVdGicCkgyMWib6PJGGUk46iipF+LAgKfUZ6/uwm93tzIiSN+L1KY+KFaMJpQDFSuTSvppejcsUyr5p1x61Dy7Sshu3YOXEabs2FtlZyVMAa7VH5fTiOcBISrjBDUg5sK1ZehoSimJFFaZhIEiM8QxMy0JSjkEgvW966gBdaGcMgErq4gkv1+0SGQinT0NedIVJT+dvLxb+8QaKCppdRHieKcLxaFCQMqgjmj8MxFQQrlmqCsKD6VoinSCCsdDwlHcLXp/B/0nVMu27W7txK63odRxGcgXNQBTZogBa4BW3QARhMwQN4As9GaDwaL8brqrVgrGdOwQ8Yb5/o/44s</latexit>

v(y)

<latexit sha1_base64="GchBANEUAlnFfjBhil50rlhAiC0="></latexit>

�v0 < v(y) = tanh y < v0

<latexit sha1_base64="xwdnZP+CQA7iM1u1JD3wqBCIT98="></latexit>

J (out)(x, t) = ⇥(t)

Z y0

�y0

⇢(r, y, t) v(y) � (z � v(y)t) dy

<latexit sha1_base64="Z413qS8NYLz0GEn98KBn+L1a5fk=">AAACC3icbVDLSgMxFM3UV62vqks3oUWomzIjoi6LblxWsA9oS8mkt21oJjMkd8QyzN6Nv+LGhSJu/QF3/o3pY6GtBxIO59x7c3P8SAqDrvvtZFZW19Y3spu5re2d3b38/kHdhLHmUOOhDHXTZwakUFBDgRKakQYW+BIa/uh64jfuQRsRqjscR9AJ2ECJvuAMrdTNF9oIDzidk/gyhjRp62HYtXdAhUpL+iTt5otu2Z2CLhNvTopkjmo3/9XuhTwOQCGXzJiW50bYSZhGwSWkuXZsIGJ8xAbQslSxAEwnme6Q0mOr9Gg/1PYopFP1d0fCAmPGgW8rA4ZDs+hNxP+8Voz9y04iVBQjKD57qB9LiiGdBEN7QgNHObaEcS3srpQPmWYcbXw5G4K3+OVlUj8te+dl7/asWLmax5ElR6RASsQjF6RCbkiV1Agnj+SZvJI358l5cd6dj1lpxpn3HJI/cD5/AERFm84=</latexit>

⇢in(r)

<latexit sha1_base64="4umv8i48fFWuHoCTWK13kIqLkP8="></latexit>

J (in)
± (x, t) = ±Z e ⇢in(r) v0 �(z ⌥ v0t)⇥(�t)
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Applicability of classical bremsstrahlung formula

• The intensity of photons                                                                                       
<latexit sha1_base64="dDjpzhNCpRwRxG2biHdAPztk/rc="></latexit>

d2I

d!d⌦
=

↵Z2

4⇡2
sin2 ✓ |F (!R sin ✓)|2

����

Z
dy

v(y)⇢(y)

1� v(y) cos ✓
� 2v20 cos ✓

1� v20 cos
2 ✓

�����
2

<latexit sha1_base64="8uKBa67bZfTnzgHc71ZIY7NngK4="></latexit>

F (!R sin ✓) =

Z
d2r? ⇢in (r?)e

�i!n·r? =
3

q2

✓
sin q

q
� cos q

◆
, q = !R sin ✓Transverse form factor:

for a homogeneous sphere of 
radius R

• Assume
<latexit sha1_base64="8pjbLhJFn0UlQF9TqpHq1iWyQCY="></latexit>

⇢(r, y, t) = ⇢in(r) ⇢(y)⇥(t)

• For sufficiently soft and collinear photons

details of the transverse profile of the charge distribution 
are not resolved by the radiation.

2 4 6 8 10
q

0.2

0.4

0.6

0.8

1.0

F[q]
<latexit sha1_base64="wnrKzb5X6aCpO2bgc76dBGjZaXw=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZUZE3QhFNy6r2Ad0Ssmkt21okhmTO0Ip/QA3/oobF4q49QPc+Temj4W2HggczjmXm3uiRAqLvv/tLSwuLa+sZtay6xubW9u5nd2KjVPDocxjGZtaxCxIoaGMAiXUEgNMRRKqUe9q5FcfwFgR6zvsJ9BQrKNFW3CGTmrm8vSeXtAwVtBh9JaGVugQu4CMhhKstULRwKX8gj8GnSfBlOTJFKVm7itsxTxVoJFLZm098BNsDJhBwSUMs2FqIWG8xzpQd1QzBbYxGB8zpIdOadF2bNzTSMfq74kBU9b2VeSSimHXznoj8T+vnmL7vDEQOkkRNJ8saqeSYkxHzdCWMMBR9h1h3Aj3V8q7zDCOrr+sKyGYPXmeVI4LwWkhuDnJFy+ndWTIPjkgRyQgZ6RIrkmJlAknj+SZvJI378l78d69j0l0wZvO7JE/8D5/AGgWmfk=</latexit>

q = !R sin ✓ . 1

• Classical formula is sufficient for soft/collinear photons that do not resolve internal structure

 i.e., transverse profile is initialized

The approximation breaks when 
<latexit sha1_base64="Xe6u079mt07mDcomT5UP/v2xEo0="></latexit>

sin ✓ =
q

!R
= 0.12 ) ⌘ = 2.8

However,  if                                                ,  the intensity is insensitive to transverse profile.
<latexit sha1_base64="sJlXuFw20wLAs4uWieHM2VQYptg="></latexit>

! . 200MeV , ⌘ & 3 ) q < 1

Moreover, the photon spectrum is dominant for           , hence we will work exclusively in this regime. 
<latexit sha1_base64="jO8QBxd/zPgDhVov+PMZFBB4koQ=">AAAB7HicdVBNS8NAEN34WetX1aOXxSJ4CtkY2goeCl48VjBtoQ1ls920SzebuLsRSuhv8OJBEa/+IG/+GzdtBRV9MPB4b4aZeWHKmdKO82GtrK6tb2yWtsrbO7t7+5WDw7ZKMkmoTxKeyG6IFeVMUF8zzWk3lRTHIaedcHJV+J17KhVLxK2epjSI8UiwiBGsjeTfwUuIBpWqY180aq5Xg47tOHXkooK4de/cg8goBapgidag8t4fJiSLqdCEY6V6yEl1kGOpGeF0Vu5niqaYTPCI9gwVOKYqyOfHzuCpUYYwSqQpoeFc/T6R41ipaRyazhjrsfrtFeJfXi/TUSPImUgzTQVZLIoyDnUCi8/hkElKNJ8agolk5lZIxlhiok0+ZRPC16fwf9J2bVSz0Y1XbXrLOErgGJyAM4BAHTTBNWgBHxDAwAN4As+WsB6tF+t10bpiLWeOwA9Yb5/WGI4E</latexit>

q < 1

<latexit sha1_base64="CD2M6npmplmdjzQl3BV4NvAk0w4=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4KkkpfewKblxWsA9sh5JJ0zY0yUyTjFCG/oUbF4q49W/c+Tdm2goqeuDC4Zx7ufeeIBLcWIQ+vMzG5tb2TnY3t7d/cHiUPz5pmzDWlLVoKELdDYhhgivWstwK1o00IzIQrBNMr1K/c8+04aG6tfOI+ZKMFR9xSqyT7mawb7hkM1ge5AuoiBDCGMOU4GoFOVKv10q4BnFqORTAGs1B/r0/DGksmbJUEGN6GEXWT4i2nAq2yPVjwyJCp2TMeo4qIpnxk+XFC3jhlCEchdqVsnCpfp9IiDRmLgPXKYmdmN9eKv7l9WI7qvkJV1FsmaKrRaNYQBvC9H045JpRK+aOEKq5uxXSCdGEWhdSzoXw9Sn8n7RLRVwp4ptyoVFex5EFZ+AcXAIMqqABrkETtAAFCjyAJ/DsGe/Re/FeV60Zbz1zCn7Ae/sE9ViQbA==</latexit>

q ' 4

If                                      , 
<latexit sha1_base64="TvQJp/3J/RwbBr3Nj6i24Vos8Aw=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4KMOMlNqNUHChyyr2AZ1SMumdNjSZGZKMUIb+hRt/xY0LRdzqzr8xfQjaeuDCyTn3knuPH3OmtON8WZmV1bX1jexmbmt7Z3cvv3/QUFEiKdRpxCPZ8okCzkKoa6Y5tGIJRPgcmv7wcuI370EqFoV3ehRDR5B+yAJGiTZSN2/f4gtctiteEaeeFDgQY69YNC8vEtAnxnR/rCtojLv5gmM7U+Bl4s5JAc1R6+Y/vV5EEwGhppwo1XadWHdSIjWjHMY5L1EQEzokfWgbGhIBqpNO7xrjE6P0cBBJU6HGU/X3REqEUiPhm05B9EAtehPxP6+d6KDSSVkYJxpCOvsoSDjWEZ6EhHtMAtV8ZAihkpldMR0QSag2UeZMCO7iycukcWa7Zdu9KRWqpXkcWXSEjtEpctE5qqJrVEN1RNEDekIv6NV6tJ6tN+t91pqx5jOH6A+sj28AT5wU</latexit>

R = 6.8 fm , ! = 1GeV
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Each           is normalized by 2

7

Modelling charge-rapidity distribution
<latexit sha1_base64="9B3TOuE/+1gEpUIPT1GFfZ8Lye8=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0Wom5DU0NZdxY3LCvYBbSiT6aQdOpkJMxMhhH6EGxeKuPV73Pk3TtoKKnrgwuGce7n3niBmVGnH+bAKa+sbm1vF7dLO7t7+QfnwqKtEIjHpYMGE7AdIEUY56WiqGenHkqAoYKQXzK5zv3dPpKKC3+k0Jn6EJpyGFCNtpN5QTkU1PR+VK4592azXvDp0bMdpuDU3J7WGd+FB1yg5KmCF9qj8PhwLnESEa8yQUgPXibWfIakpZmReGiaKxAjP0IQMDOUoIsrPFufO4ZlRxjAU0hTXcKF+n8hQpFQaBaYzQnqqfnu5+Jc3SHTY9DPK40QTjpeLwoRBLWD+OxxTSbBmqSEIS2puhXiKJMLaJFQyIXx9Cv8n3Zrt1m331qu0rlZxFMEJOAVV4IIGaIEb0AYdgMEMPIAn8GzF1qP1Yr0uWwvWauYY/ID19gkoKI92</latexit>

⇢(y)

-5 5
y

0.05

0.10

0.15

0.20

0.25

�(y)

<latexit sha1_base64="PnAQV+E8GuM12aj79V0t8KsJS+4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6bWNAw==</latexit>y

<latexit sha1_base64="ywErVmEfHq+UjUOT5GleXxXRDfw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoioh6LXjxWsB/QhrLZbtqlm92wuxFC6I/w4kERr/4eb/4bt2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wvZv73SeqNJPi0aQx9SM8FixkBBsrdQdqIuvp+bBacxtuDrRKvILUoEBrWP0ajCRJIioM4VjrvufGxs+wMoxwOqsMEk1jTKZ4TPuWChxR7Wf5uTN0ZpURCqWyJQzK1d8TGY60TqPAdkbYTPSyNxf/8/qJCW/8jIk4MVSQxaIw4chINP8djZiixPDUEkwUs7ciMsEKE2MTqtgQvOWXV0nnouFdNbyHy1rztoijDCdwCnXw4BqacA8taAOBKTzDK7w5sfPivDsfi9aSU8wcwx84nz/IV481</latexit>

⇢(y)

-5 5
y

0.05

0.10

0.15

0.20

0.25

0.30

�(y)

<latexit sha1_base64="PnAQV+E8GuM12aj79V0t8KsJS+4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0Io/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHkyXoR3QoecgZNVZqZP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03Mf6EKsOZwGmpl2pMKBvTIXYtlTRC7U/mh07JmVUGJIyVLWnIXP09MaGR1lkU2M6ImpFe9mbif143NeGNP+EySQ1KtlgUpoKYmMy+JgOukBmRWUKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD6bWNAw==</latexit>y

<latexit sha1_base64="ywErVmEfHq+UjUOT5GleXxXRDfw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkoioh6LXjxWsB/QhrLZbtqlm92wuxFC6I/w4kERr/4eb/4bt2kO2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wvZv73SeqNJPi0aQx9SM8FixkBBsrdQdqIuvp+bBacxtuDrRKvILUoEBrWP0ajCRJIioM4VjrvufGxs+wMoxwOqsMEk1jTKZ4TPuWChxR7Wf5uTN0ZpURCqWyJQzK1d8TGY60TqPAdkbYTPSyNxf/8/qJCW/8jIk4MVSQxaIw4chINP8djZiixPDUEkwUs7ciMsEKE2MTqtgQvOWXV0nnouFdNbyHy1rztoijDCdwCnXw4BqacA8taAOBKTzDK7w5sfPivDsfi9aSU8wcwx84nz/IV481</latexit>

⇢(y)

Landau

Bjorken

Gaussian

camel 1

“Rapidity distribution of net baryons in central 
PbPb collisions at                               ”  

adopted from Mehtar-Tani and Wolschin
PRL 102 (2009) 182301, PRC 80 (2009) 054905

<latexit sha1_base64="y1r8mxsIWyVCYqJIaPHQ8+b0Cd8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBiyUpoh6LXjxWsB/QhrLZbtqlu5uwuxFC6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzgpgzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9C73u09UaRbJR5PG1Bd4LFnICDa5dJEO3WG15tbdOdAq8QpSgwKtYfVrMIpIIqg0hGOt+54bGz/DyjDC6awySDSNMZniMe1bKrGg2s/mt87QmVVGKIyULWnQXP09kWGhdSoC2ymwmehlLxf/8/qJCW/8jMk4MVSSxaIw4chEKH8cjZiixPDUEkwUs7ciMsEKE2PjqdgQvOWXV0mnUfeu6o2Hy1rztoijDCdwCufgwTU04R5a0AYCE3iGV3hzhPPivDsfi9aSU8wcwx84nz93n43e</latexit>�y0
<latexit sha1_base64="0rZ/76LYNRXtagCn56D5D7NrYY4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHkyXoR3QoecgZNVZ6yPpuv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02MP6HKcCZwWuqlGhPKxnSIXUsljVD7k/mpU3JmlQEJY2VLGjJXf09MaKR1FgW2M6JmpJe9mfif101NeO1PuExSg5ItFoWpICYms7/JgCtkRmSWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZrd1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEN/I2n</latexit>y0

<latexit sha1_base64="gYJa+h4eRi6XDaD289+2EUHPjMA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6l9Va86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPe2OMuw==</latexit>

0

before collision after collision

<latexit sha1_base64="uBN8F6tAn1rzHsG3+JzPdJMmdDk="></latexit>p
sNN = 5.52 TeV

camel 2
<latexit sha1_base64="qgDrQQ8i2K9rPJt8XckmLWBUsUA=">AAACBnicdZBNS8MwGMdTX+d8q3oUITgED1raMV+OAy8eJ7gXaOtIs3QLS9OSpGIZO3nxq3jxoIhXP4M3v43p1oGK/iHwz+95HpLnHySMSmXbn8bc/MLi0nJppby6tr6xaW5tt2ScCkyaOGax6ARIEkY5aSqqGOkkgqAoYKQdDC/yevuWCEljfq2yhPgR6nMaUoyURl1zD0GP3CXuceAdweym6kMPx3Lg4vzqd82KbZ3YuaBt2TNTEKcgFVCo0TU/vF6M04hwhRmS0nXsRPkjJBTFjIzLXipJgvAQ9YmrLUcRkf5ossYYHmjSg2Es9OEKTuj3iRGKpMyiQHdGSA3k71oO/6q5qQrP/RHlSaoIx9OHwpRBFcM8E9ijgmDFMm0QFlT/FeIBEggrnVxZhzDbFP5vWlXLObWcq1qlXiviKIFdsA8OgQPOQB1cggZoAgzuwSN4Bi/Gg/FkvBpv09Y5o5jZAT9kvH8BuFeXVg==</latexit>

a exp[�b y2] cosh[c y]

<latexit sha1_base64="jFc7jDK5dcHW4EALp3g3rnP/54c=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBahXkoiUj0WvHisYD+gDWWz3bRLN7thdyOE0B/hxYMiXv093vw3btsctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6P3OOTjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244vZv73SeqNJPi0WQJDWI8FixiBBsrdQdqImvZ5dCtenVvAbRO/IJUoUBr6H4NRpKkMRWGcKx13/cSE+RYGUY4nVUGqaYJJlM8pn1LBY6pDvLFuTN0YZURiqSyJQxaqL8nchxrncWh7YyxmehVby7+5/VTE90GORNJaqggy0VRypGRaP47GjFFieGZJZgoZm9FZIIVJsYmVLEh+Ksvr5POVd1v1P2H62qzUcRRhjM4hxr4cANNuIcWtIHAFJ7hFd6cxHlx3p2PZWvJKWZO4Q+czx/Eu48p</latexit>

⇢(y)

camel 1

camel 2
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Number of photons per pT in pseudo-rapidity bins

Landau

Bjorken

Gaussian � = 3

20 40 60 80 100
pT (MeV)

0.5
1.0
1.5
2.0
2.5
3.0

dN
dpT

[pT, 3� � � 4]

camel 1

camel 2

20 40 60 80 100
pT (MeV)

0.02

0.04

0.06

0.08

dN
dpT

[pT, 3� � � 4]

Landau

Bjorken

Gaussian � = 3

20 40 60 80 100
pT (MeV)

0.5
1.0
1.5
2.0
2.5
3.0

dN
dpT

[pT, 4� � � 5]

camel 1

camel 2

20 40 60 80 100
pT (MeV)

0.05
0.10
0.15
0.20
0.25
0.30

dN
dpT

[pT, 4� � � 5]

• Onset of soft 1/pT divergence (characteristic of photon bremsstrahlung) is visible 

Input: charge-rapidity distribution                                                                                                      Output: photon spectrum                                                                                                       
<latexit sha1_base64="kJUZBju4JeXdJoHy8wyn066uyo0=">AAAB7nicdVDLSsNAFJ34rPVVdelmsAh1E5Ia0roruHFZwT6gDWUynbRDJzNhZiKE0I9w40IRt36PO//GSVtBRQ9cOJxzL/feEyaMKu04H9ba+sbm1nZpp7y7t39wWDk67iqRSkw6WDAh+yFShFFOOppqRvqJJCgOGemFs+vC790TqajgdzpLSBCjCacRxUgbqTeUU1HLLkaVqmNfNf2650PHdpyGW3cLUm94lx50jVKgClZojyrvw7HAaUy4xgwpNXCdRAc5kppiRublYapIgvAMTcjAUI5iooJ8ce4cnhtlDCMhTXENF+r3iRzFSmVxaDpjpKfqt1eIf3mDVEfNIKc8STXheLkoShnUAha/wzGVBGuWGYKwpOZWiKdIIqxNQmUTwten8H/Srduub7u3XrXlr+IogVNwBmrABQ3QAjegDToAgxl4AE/g2UqsR+vFel22rlmrmRPwA9bbJyTZj2s=</latexit>

⇢(y)
<latexit sha1_base64="P5GAFhWpj/+dmOWkLbyMKteCz10="></latexit>

d2I

d!d⌦
! d2I

dpT d⌘
! d2N

dpT d⌘

Intensity                                                                                                    Number                                                                                                     

<latexit sha1_base64="+Bn/Ps3eZn2XFGsDJupsMEJA8r8=">AAACG3icbVDLSsNAFJ34rPVVdelmsBRchaQ+N0LRjasSoS9oQphMJ+3QmSTOTMQS4ne48VfcuFDEleDCvzFpu9DWAxcO59zLvfd4EaNSGca3trC4tLyyWlgrrm9sbm2XdnZbMowFJk0cslB0PCQJowFpKqoY6USCIO4x0vaGV7nfviNC0jBoqFFEHI76AfUpRiqT3FLV5l54n1ie5aXwAdryVqhEuoktOKzX0xRewBPdqMJJW4O00qJbKhu6MQacJ+aUlMEUllv6tHshjjkJFGZIyq5pRMpJkFAUM5IW7ViSCOEh6pNuRgPEiXSS8W8prGRKD/qhyCpQcKz+nkgQl3LEs+srHKmBnPVy8T+vGyv/3EloEMWKBHiyyI8ZVCHMg4I9KghWbJQRhAXNboV4gATCKoszD8GcfXmetKq6eaof3RyXa5fTOApgHxyAQ2CCM1AD18ACTYDBI3gGr+BNe9JetHftY9K6oE1n9sAfaF8/LCmgNw==</latexit>

PbPb
p
sNN = 5.02TeV
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Expected photon yields per event in pT bins

• Is this detectable above background?

Landau

Bjorken

Gaussian � = 3

20 40 60 80 100
pT (MeV)

0.5
1

5
10

Nphotons[3� � � 4]

camel 1

camel 2

20 40 60 80 100
pT (MeV)

0.005
0.010

0.050
0.100

0.500
Nphotons[3� � � 4]

Landau

Bjorken

Gaussian � = 3

20 40 60 80 100
pT (MeV)

0.5
1

5
10

Nphotons[4� � � 5]

camel 1

camel 2

20 40 60 80 100
pT (MeV)0.005

0.010

0.050
0.100

0.500
1

Nphotons[4� � � 5]

<latexit sha1_base64="+Bn/Ps3eZn2XFGsDJupsMEJA8r8=">AAACG3icbVDLSsNAFJ34rPVVdelmsBRchaQ+N0LRjasSoS9oQphMJ+3QmSTOTMQS4ne48VfcuFDEleDCvzFpu9DWAxcO59zLvfd4EaNSGca3trC4tLyyWlgrrm9sbm2XdnZbMowFJk0cslB0PCQJowFpKqoY6USCIO4x0vaGV7nfviNC0jBoqFFEHI76AfUpRiqT3FLV5l54n1ie5aXwAdryVqhEuoktOKzX0xRewBPdqMJJW4O00qJbKhu6MQacJ+aUlMEUllv6tHshjjkJFGZIyq5pRMpJkFAUM5IW7ViSCOEh6pNuRgPEiXSS8W8prGRKD/qhyCpQcKz+nkgQl3LEs+srHKmBnPVy8T+vGyv/3EloEMWKBHiyyI8ZVCHMg4I9KghWbJQRhAXNboV4gATCKoszD8GcfXmetKq6eaof3RyXa5fTOApgHxyAQ2CCM1AD18ACTYDBI3gGr+BNe9JetHftY9K6oE1n9sAfaF8/LCmgNw==</latexit>

PbPb
p
sNN = 5.02TeV
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Background photons

• How many? How are they distributed?

• Photons do not come only from electromagnetic bremsstrahlung                                                                                                     

•       decay photons are expected to be the dominant background
<latexit sha1_base64="eRQH+DvHSEDR/j/atrVlrLea/ZE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh6LXjxWsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzK//USVZlLcm0lM/QgPBQsZwcZKrV7MHtxSv1xxq+4MaJl4OalAjka//NUbSJJEVBjCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi0VOKLaT2fXTtGJVQYolMqWMGim/p5IcaT1JApsZ4TNSC96mfif101MeOWnTMSJoYLMF4UJR0ai7HU0YIoSwyeWYKKYvRWREVaYGBtQFoK3+PIyaZ1VvYvq+V2tUr/O4yjCERzDKXhwCXW4hQY0gcAjPMMrvDnSeXHenY95a8HJZw7hD5zPH6wRjos=</latexit>

⇡0

PLB 772 (2017) 567
ALICE Collaboration

PRC 103 (2021) 054909
Nijs, van der Schee, Gursoy and Snellings

<latexit sha1_base64="LUJq/vmWCb75ekmN2U5H8FiOwog="></latexit>

Soft dN⇡0

dpT
is flat.

<latexit sha1_base64="yr7gUsnaRKFOINXNrhMGDpDpM/8="></latexit>

dN⇡0

dpT d⌘

���
⌘=4

' 500

GeV
=

0.5

MeV
! dN�

dpT d⌘

���
⌘=4

' 1

MeV

<latexit sha1_base64="m0IYf+keTWnTcvqGuIByq2dZdCI=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApCEJJpKjLghuXFewFmlhOptN06EwSZiZKKe0LuPFV3LhQxK1rd76N0zYLbf1h4OM/53Dm/EHCmdKO823lVlbX1jfym4Wt7Z3dPXv/oKHiVBJaJzGPZSsARTmLaF0zzWkrkRREwGkzGFxN6817KhWLo1s9TKgvIIxYjxHQxurYJS9hdw7GeOJJFvY1SBk/TLAXghCATzPo2EWn7MyEl8HNoIgy1Tr2l9eNSSpopAkHpdquk2h/BFIzwum44KWKJkAGENK2wQgEVf5ods4Yl4zTxb1YmhdpPHN/T4xAKDUUgekUoPtqsTY1/6u1U9279EcsSlJNIzJf1Es51jGeZoO7TFKi+dAAEMnMXzHpgwSiTYIFE4K7ePIyNM7K7nnZvakUq5Usjjw6QsfoBLnoAlXRNaqhOiLoET2jV/RmPVkv1rv1MW/NWdnMIfoj6/MHjzmbIg==</latexit>

⇡0 ! � + �
<latexit sha1_base64="5O+u6BmiaejXy5qID+5DaOIBZIM=">AAACBnicbVDLSgMxFL1TX7W+Rl2KECyCqzIjRV0W3LiSCvYB7bRk0kwbmswMSUYow6zc+CtuXCji1m9w59+YtrPQ1gMJJ+fcy809fsyZ0o7zbRVWVtfWN4qbpa3tnd09e/+gqaJEEtogEY9k28eKchbShmaa03YsKRY+py1/fD31Ww9UKhaF93oSU0/gYcgCRrA2Ut8+vu2l3Zj1nAx1FRMof5pLZBnq22Wn4syAlombkzLkqPftr+4gIomgoSYcK9VxnVh7KZaaEU6zUjdRNMZkjIe0Y2iIBVVeOlsjQ6dGGaAgkuaEGs3U3x0pFkpNhG8qBdYjtehNxf+8TqKDKy9lYZxoGpL5oCDhSEdomgkaMEmJ5hNDMJHM/BWREZaYaJNcyYTgLq68TJrnFfei4t5Vy7VqHkcRjuAEzsCFS6jBDdShAQQe4Rle4c16sl6sd+tjXlqw8p5D+APr8wey95iZ</latexit>

N⇡0

⇠ N⇡±
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Can bremsstrahlung photons be separated from background?

• Signal-to-background                                                                                                     

<latexit sha1_base64="zL4e3F3lUGC1XVlZGMdxPculFIM="></latexit>

0.1 . S

B
. 1 for pT . 50MeV and ⌘ & 3

• characteristically different pT dependence

• characteristically different centrality dependence

<latexit sha1_base64="br8QPTKYsSAntYf4jLUmYwZdAU0=">AAACtXicbVHLbhMxFPUMrxJeAZZsLCIkFiiaqRBlWcGGFSpS00bKDJHtuZNa9au2pyKy/Ies2PVv6iTTQhqOZOno3MfxvZcawZ0viqssv3f/wcNHe48HT54+e/5i+PLVidOdZTBhWmg7pcSB4AomnnsBU2OBSCrglJ5/XcVPL8E6rtWxXxqoJVko3nJGfJLmw9+hWjeZ2QWtQzEu1vhwS8qexKq1hIXm+89QWYnpookxNGZ+HHHluIQLXEmqfwWmlfPjGDHG1UVHml6+dEnZsip3rIpbq03htqEF6f5aGquN131OGcNKjXg+HN00wbvkxnGEehzNh3+qRrNOgvJMEOdmZWF8HYj1nAmIg6pzYAg7JwuYJaqIBFeH9RQRv0tKg1tt01Mer9V/KwKRzi0lTZmS+DN3N7YS/xebdb79XAeuTOdBsY1R2wmcBl6dE DfcAvNimQhhlqe/YnZG0iZ8OvQgLaG8O/IuOdkfl5/G5Y+Po8Mv/Tr20Bv0Fr1HJTpAh+gbOkITxLL9bJqRjOYHeZ03ebtJzbO+5jXaQq6vAVHz0JU=</latexit>

dNbgd

dpT
' const. vs

dNbrems

dpT
/ 1

pT

<latexit sha1_base64="qzWtNRiQSIQolZJWgu30Fijnki0="></latexit>

d2Nbgd

dpT d⌘
/ Npart vs

d2Nbrems

dpT d⌘
/ Z2 / N2

part
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Conclusions

• What acceptance ALICE 3 should have to measure bremsstrahlung photons in PbPb @ LHC? 

• Can bremsstrahlung photons be disentangled from the background of photons from meson decays?

 ALICE 3 is a new detector to have acceptance at very low-pT and rather forward rapidity.                                                                                                      

 We asked:

<latexit sha1_base64="KBUpQTg2xjmO8AEYputzVaJ9Q68="></latexit>

⌘ & 3

pT & 10 MeV

to be insensitive to transverse structure                                                                                                   

to see 1/pT shape                                                                                                   

Characteristically different pT & centrality dependence may help to separate bremsstrahlung photons

Proper study of background effects still needed
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Thank you!
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