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“…the picture of an experimenter as one counting soft photons 
is not entirely realistic … the experimenter does not count single 
photons but rather an unbalance of energy and momentum
between the incident and emergent particles.”

Bruno Touschek, Nuovo Cimento 1967



Outline

• Bruno Touschek formalism  for Soft photon distributions in QED 

• Soft photon emission in creation and disappearance of an unstable state

• Soft photon final state emission  for electron positron scattering into multihadron or  jet production 

• Discrete and continuum in Touschek's formalism  : 
Zero momentum mode in QED ?

• The zero momentum case in QCD transverse momentum distributions

• The intrinsic transverse momentum of Drell-Yan pairs

• The case of the forward slope
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Bruno Touschek formalism  for Soft photon distributions in QED - 1

F. Bloch and A. Nordsieck. Note on the Radiation Field of the electron. Phys. Rev. 52, 54 59, 1937 
W. Thirring and B. Touschek, A covariant formulation of the Bloch-Nordsieck method, Phil.Mag.Ser.7 42 (1951) 244-249
E. G. Etim, G. P., and B. Touschek. The Infra-red Radiative Corrections to Colliding Beam (Electrons and Positrons) Experiments. Nuovo Cim. B, 51:276–302, 1967. 
M. Greco andG.Rossi,NuovoCimento,B., A Note on the Infrared Divergence, Nuovo Cim. 50 (1967) 168

<latexit sha1_base64="9tavJt23spZLj59R3g+zY6mzpNI="></latexit>

d4P (K) =
X

P ({nk})�4(
X

k

knk �K)d4K =
d4K

(2⇡)4

Z
d4xeiK·x�h(x)

<latexit sha1_base64="3xNGrv4Io8MswYBKFLD2eldI21g="></latexit>

P ({nk}) = ⇧k
n̄nk
k

n̄k!
e�n̄k

<latexit sha1_base64="QStO3dj8PdQddoGu2PRz5l/CooY="></latexit>

h(x) =
X

k

n̄k[1� ei(k·x)]

<latexit sha1_base64="8+OYCkXZN2v1p8tYXafeXPb1/Ok="></latexit>

n̄(k) ! continuum ! d3n̄(k) = (2⇡)6
d3k

!
|j?(!,k)|2

A statistical classical approach + energy momentum conservation

• Take the continuum limit

• In co-variant notation and first order in 𝝰
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https://inspirehep.net/literature/51917


Bruno Touschek formalism  for Soft photon energy  distributions in QED - 2

G.P., Reggeization of the photon in quantum electrodynamics. Phys.Lett. B, 44:109–111, 1973.
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1967: the goal of electron positron colliders 
was to mesure vector mesons properties
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Soft photon emission in creation and disappearance of an unstable state

G. Pancheri. Infra-red radiative corrections for resonant processes. Il Nuovo Cimento A, 60:321–329, 1969.
M.Greco, G.P. and Y.N.Srivastava, Radiative Corrections for Colliding, Beam Resonances. Nucl. Phys. B, 101:234–262, 1975

S-channel resonance Multihadron production or Jets

𝜞, M

e+e- → leptons

S-channel resonance Multihadron production or Jets

𝜞, M

e+e- → leptons

e+e- à soft  photons + jetse+e- à soft photons +leptons
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Anomalous Soft Photon    effect
EMMI collaboration 2024

Eur.Phys.J.C57(2008)499–514

0 time
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Discrete and continuum extension in Touschek's formalism  :
Zero momentum mode in QED ?

F. Palumbo, Physical Effects of Boundary Conditions in Gauge Theories. Phys. Lett. B,132:165–168, 1983

F. Palumbo and G.P., Infrared Radiative Corrections and the Zero Momentum Mode of Abelian Gauge Theories,. Phys. Lett. B, 137:401– 403, 1984.
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How about QCD?
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The continuum contribution to 

2. Split the integral  

1. Model to  integrate down  to  zero

continuum

x (infrared with logs      )+  anomalous dimensions  term

Logs dependence
through 
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qmax(s)
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3.

<latexit sha1_base64="pgyW0G48xjl/y55Vfj42XmNctYs=">AAACC3icbVA7T8MwGHTKq5RXgJHFaoXEVCUVKowVLAwMRaIPqUkjx3Faq44d2Q5SFXVn4a+wMIAQK3+AjX+D+xig5SRLp7vvs30Xpowq7TjfVmFtfWNzq7hd2tnd2z+wD4/aSmQSkxYWTMhuiBRhlJOWppqRbioJSkJGOuHoeup3HohUVPB7PU6Jn6ABpzHFSBspsMvDIMeCa8qzLJl4qRSpFjDs16B3a26JUL8W2BWn6swAV4m7IBWwQDOwv7xI4CwhXGOGlOq5Tqr9HElNMSOTkpcpkiI8QgPSM5SjhCg/n2WZwFOjRDAW0hyu4Uz9vZGjRKlxEprJBOmhWvam4n9eL9PxpZ9TnmaacDx/KM4YNHGnxcCISoI1GxuCsKTmrxAPkURYm/pKpgR3OfIqadeqbr1avzuvNK4WdRTBCSiDM+CCC9AAN6AJWgCDR/AMXsGb9WS9WO/Wx3y0YC12jsEfWJ8/DV2bCg==</latexit>

hcontinuum / b2⇤2



Modelling in the infrared region  {0,Lambda}<latexit sha1_base64="rdD+1NBy72jBL8aCb/yjgMZq8T4=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4jmAckyzI7mU2GzD6c6Q2EJd/hxYMiXv0Yb/6Nk2QPmljQUFR1093lJ1JotO1va219Y3Nru7BT3N3bPzgsHR23dJwqxpsslrHq+FRzKSLeRIGSdxLFaehL3vZHdzO/PeZKizh6xEnC3ZAOIhEIRtFIbo/KZEg9XRl5eOGVynbVnoOsEicnZcjR8EpfvX7M0pBHyCTVuuvYCboZVSiY5NNiL9U8oWxEB7xraERDrt1sfvSUnBulT4JYmYqQzNXfExkNtZ6EvukMKQ71sjcT//O6KQY3biaiJEUescWiIJUEYzJLgPSF4gzlxBDKlDC3EjakijI0ORVNCM7yy6ukdVl1atXaw1W5fpvHUYBTOIMKOHANdbiHBjSBwRM8wyu8WWPrxXq3Phata1Y+cwJ/YH3+AEVIkco=</latexit>

↵s(kt)

<latexit sha1_base64="2x0Sg3Kuax/Dxo2UihJKTOIV3F0=">AAACIHicbVBNSwMxFMz6bf2qevQSLIJeyq5I67HoxaOC1UK3LG/TtA3NJiF5q5TiT/HiX/HiQRG96a8xrT1odSAwmXmPZCY1UjgMw49gZnZufmFxabmwsrq2vlHc3LpyOreM15mW2jZScFwKxesoUPKGsRyyVPLrtH868q9vuHVCq0scGN7KoKtERzBALyXFagzS9CBx+/0EaWxFt4dgrb6l4cHPW2ysNqgp08ohKEyKpbAcjkH/kmhCSmSC86T4Hrc1yzOukElwrhmFBltDsCiY5HeFOHfcAOtDlzc9VZBx1xqOA97RPa+0aUdbfxTSsfpzYwiZc4Ms9ZMZYM9NeyPxP6+ZY+e4NRTK5MgV+36ok0vqk47aom1hOUM58ASYFf6vlPXAAkPfacGXEE1H/kuuDstRpVy5OCrVTiZ1LJEdskv2SUSqpEbOyDmpE0buySN5Ji/BQ/AUvAZv36MzwWRnm/xC8PkFxjykAw==</latexit>

↵s(kt ! 0) !/ constant1.

2.
<latexit sha1_base64="+rn5Uch9jTW4zkT1wfbGxVxNbFU="></latexit>

↵s(kt ! 0) !/ (kt/⇤)
�2p

p<1 for integrability

choosing 2.  
<latexit sha1_base64="y1N/DPkxCutHoh80VXGZfyWeldI="></latexit>

↵s(kt)
interpolation =

1

ln[1 + (kt
⇤ )2b0 ]

!kt!0 (kt/⇤)
�2b0

!kt>>⇤
1

b0 ln(
kt
⇤ )2

<latexit sha1_base64="fzzcnpOvT7zDDplvdEugOL9EmcY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwY8kUqW6EohtXpYJ9QBPCZDpph04mYWYilNCtG3/FjQtF3PoH7vwbp20W2nrgwuGce7n3niDhTGnH+bYKK6tr6xvFzdLW9s7unr1/0FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLqZ+p0HKhWLxb0eJ9SL8ECwkBGsjeTbMPCdKzeUmGQINXwCz2AVNvxwkqEqdBM28e2yU3FmgMsE5aQMcjR9+8vtxySNqNCEY6V6yEm0l2GpGeF0UnJTRRNMRnhAe4YKHFHlZbNPJvDEKH0YxtKU0HCm/p7IcKTUOApMZ4T1UC16U/E/r5fq8NLLmEhSTQWZLwpTDnUMp7HAPpOUaD42BBPJzK2QDLGJRZvwSiYEtPjyMmlXK6hWqd2dl+vXeRxFcASOwSlA4ALUwS1oghYg4BE8g1fwZj1ZL9a79TFvLVj5zCH4A+vzBwiGmAg=</latexit>

b0 =
11Nc � 2Nf

12⇡

G.P., Y.N. Srivastava and O. Shekhovtsova, Ansatz about a Zero Momentum Mode in QCD and the Forward Slope in pp Elastic Scattering. Ukr. J. Phys., 69(11):879, 2024

<latexit sha1_base64="tj+msSy+hdmnA3c3sLGStGuaRyU="></latexit>

↵s(kt) =
12⇡

(11Nc � 2Nf )ln[a+ k2
t

⇤2 ]

<latexit sha1_base64="r/1h0tSycneQ3vNDKzdtJoKlicQ=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEqhuh6MaFQgX7gCaUyWTSDp1MwsxEKbWf4saFIm79Enf+jdM2C60eGDiccy73zglSzpR2nC+rsLS8srpWXC9tbG5t79jl3ZZKMklokyQ8kZ0AK8qZoE3NNKedVFIcB5y2g+Hl1G/fU6lYIu70KKV+jPuCRYxgbaSeXfauTTjE567jIA/d0FbPrjhVZwb0l7g5qUCORs/+9MKEZDEVmnCsVNd1Uu2PsdSMcDopeZmiKSZD3KddQwWOqfLHs9Mn6NAoIYoSaZ7QaKb+nBjjWKlRHJhkjPVALXpT8T+vm+nozB8zkWaaCjJfFGUc6QRNe0Ahk5RoPjIEE8nMrYgMsMREm7ZKpgR38ct/Seu46taqtduTSv0ir6MI+3AAR+DCKdThChrQBAIP8AQv8Go9Ws/Wm/U+jxasfGYPfsH6+AbRpZJv</latexit>

⇤ = 100 MeV
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The continuum contribution to the intrinsic transverse momentum of Drell-Yan pairs

A. Grau, A. R.M. Godbole,  and G.P. Infrared gluons, intrinsic transverse momentum and rising total cross-sections, Nucl. Phys. B Proc. Suppl. 198, (2010)17--24 
A. Grau, A. Nakamura, G.P. and Y.N. Srivastava, The Intrinsic Transverse Momentum of {Drell-Yan} Pairs, Z.Phys.C 21 (1984) 243
P. Chiappetta and M. Greco, Nucl. Phys.B199 (1982) 77.

<latexit sha1_base64="32sUzRw+PztomRg2FirJIhtTgZA="></latexit>

hIR
continumm(b, s) =

✓
b2⇤2

4

◆
16

3⇡

Z ⇤

0
dkt(

kt
⇤
)1�2b0 ln

✓
2qmax(s)

kt

◆

<latexit sha1_base64="LXN+XS4EZiSHPCiU3INKHb1RMpU="></latexit>

< p2t >intrinsic= constant+ / ln(qmax)

1984 with Nakamura

Using kinematics for single soft gluon emission
From eikonal mode Phys.Rev.D72:076001,2005 CMS 
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The zero momentum mode in QCD transverse momentum distributions - 2

G.P.,Y.. Srivastava and O. Shekhovtsova, Ansatz about a Zero Momentum Mode in QCD and the Forward Slope in pp Elastic Scattering. Ukr. J. Phys., 69(11):879, 2024

<latexit sha1_base64="LKnbc2jtBjaB6m2ZXtQ6GagiGig="></latexit>

d2P (K?) =
1

(2⇡)2

Z
d2be�iK?·b�h0(b)�hcontinuum(b)

Zero mode
contribution

Cut off in b^2à could changes the one-channel  eikonal models for pp elastic scattering 
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<latexit sha1_base64="S3sU0B2p1Qx28PHygpCI6c/1SRU="></latexit>

h0(b) = n0[1� eiµk̂t·b] ⇡ n0[�iµk̂t · b] + n0µ
2b2/4 + ... ⇡ ⌫20b

2/4



Zero modes and the case of the forward slope in p-pbar scattering

A.Grau, R. Godbole, G.P., Y.N. Srivastava, Phys.Rev.D 72 (2005) 076001

Eikonal Block-Norsdieck model for total cross-section

<latexit sha1_base64="tqxDJiP2MCB+eHnK0FWuONr7AfE="></latexit>

A(s, t) = i[F 2
p (t; t0)

p
A(s)eB(s)t/2 + ei�

p
C(s)eD(s)t/2]

Sigma total

<latexit sha1_base64="EQd57IP58h9rlNNtcayHXqxi/UQ="></latexit>

�total(s) =

Z
bdb[1� e�Im�(b,s)]

Im�(b, s) = low energy term+A(b, s)�mini�jet(s)

A(b, s) = NF [d2P (K?] = Ne�h(b,s) =
e�h(b,s)

R
d2be�h(b,s)

Empirical parametrization
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13 TeV TOTEM data
Best fit S.Pacetti



eikonal
Minijet model

Work in progress

The elastic  pp differential cross-section
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<latexit sha1_base64="fR9bV+uOyhAjPhuqfn/pfTxR094="></latexit>

d�

dt
= |As, t|2 = |

Z
bdb[1� ei�(b,s)]J0(b, q)|2

Im�(b, s) = low energy term+A(b, s)�mini�jet

A(b, s) = Ne�h(b,s) =
e�h(b,s)

R
d2be�h(b,s)

+   Resummed Soft gluon emission from initial state quarks

à Bloch-Nordsieck Eikonal minijet model

<latexit sha1_base64="S3sU0B2p1Qx28PHygpCI6c/1SRU="></latexit>

h0(b) = n0[1� eiµk̂t·b] ⇡ n0[�iµk̂t · b] + n0µ
2b2/4 + ... ⇡ ⌫20b

2/4

+ ZERO MODE?

R.M.Godbole, A.Grau, G.P,   Y.N.. Srivastava, Soft gluon radiation and energy dependence of total hadronic cross-sections. Phys. Rev. D, 72:076001, 2005. 



Conclusions
• Touschek’s “democratic” resummation formalism for QED can give 

insight to non purely QED processes such as

• ISR corrections for resonance production in e+e-
• FSR corrections  with jets in e+e- collisionsàASP effect

• The formalism allows inspection of the transition from discrete à
continuum in QED

• Extension to QCD and Inspection of the transition from discrete à
continuum   

• intrinsic transverse momentum from the continuum is not sufficient
à the zeromode might help àWork In Progress 

• The forward  slope in eikonal modes
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eikonal
Minijet model

<latexit sha1_base64="v4Xq65tN1s9hBmWCFJmd2T4vC1g="></latexit>

h0(b) = n0[1� eiµk̂t·b] ⇡ n0[�iµk̂t · b] + n0µ
2b2/4 + ...] ⇡ ⌫2b2 /4

0

Work in progress

The elastic  pp differential cross-section
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d�

dt
= |As, t|2 = |

Z
bdb[1� ei�(b,s)]J0(b, q)|2

Im�(b, s) = low energy term+A(b, s)�mini�jet

A(b, s) = Ne�h(b,s) =
e�h(b,s)

R
d2be�h(b,s)

+   Resummed Soft gluon emission from initial state quarks

Bloch-Nordsieck Eikonal minijet model



Soft photon final state emission  for electron positron scattering into multihadron or  jet production 

G.P., Reggeization of the photon, Phys.Lett.
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dP (!) =
d!

2⇡

Z
dtei!t�h(E,t) =

��

N��

d!

!

⇣ !

E

⌘��
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dP (!) ! dPZMM (!) =
d!

2⇡

Z
dtei!t�h0(t)+��

R E
0

dk
k [1�e�ikt]
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