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Is luminosity a path to discovery?Is there a leptonic path to high energy?
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         Personal Opinion:                                  
Developing revolutionary accelerator 
technology to expand the energy 
frontier is the most valuable pursuit 
for modern particle physics. 
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1. Beamstrahlung? 2. Beam Type ( ,  ,  )?e+e− e−e− γγ

Theory input offers a useful perspective to guide accelerator design to achieve key benchmark objectives.

Zeroth Order Question: How are key theory benchmarks affected by:

*Assuming it can be independently measured. Otherwise analogous to PDF uncertainties.

Heavy Electroweak States 
Chigusa, Knapen , Opferkuch,  
Savoray, Scherb, Xu [2512.09995]

e+e− > γγ > e−e− **
Resonances 
Capressi, KL, Opferkuch [2603.18146] e+e− > γγ ∼ e−e− **
Higgs Precision 
Fraser, Knapen, KL, Szafron [2603.18146] * e+e− > γγ ≳ e−e− **

**Assuming equal geometric luminosity.

https://arxiv.org/abs/2512.09995
https://arxiv.org/abs/2603.18146
https://arxiv.org/abs/2603.18146


Review of Aspects of Wakefield Colliders 
Relevant for ALL Analyses

1. Beam Types 
2. Beamstrahlung



1. Beam Types



Beam Types
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[Litos et al, Nature 2014]

Great location for electrons

Positrons are  

more difficult

                      Questions                                  

1. Can we just build a  collider? 

2. If  can be accelerated, what 
luminosity is required to “beat” ? 

3. Is it worth converting ?

e−e−

e+

e−e−

e−e− → γγ

[Bulanov et al, 2608.25137] 

https://arxiv.org/abs/2608.25137


2. Beamstrahlung



Animation by A. Formenti et al.
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γ

Violent beam collisions produce radiation called beamstrahlung.

Animation by A. Formenti et al.
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Violent beam collisions produce radiation called beamstrahlung.

This also produces additional  pairs.e+e−

These particles can also generate hard collisions.

e−

e+

Mesoscopic analogue of Initial State Radiation (ISR).

Animation by A. Formenti et al.
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e+e→ flat
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e+e→ round beam
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e+e→ flat beam

Define the Luminosity Spectra:

dℒij

d s
= ( )

Lumi of  collisions 

at CoM energy 

ij

s
ISR

Beam Parameters
Ne = 1.2 × 109

σz = 8.5μm

(σx, σy) = {(1.5, 1.5) nm, round
(6, 0.4) nm, flat

Lgeo,inst = 7.5 ab−1/year

[C. Schreoder et. al, 
JNIST 2023] Data from A. Formenti et al.
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Data from A. Formenti et al.

• Lumi of  collisions enhanced at low .e+e− E

For example, consider  collisionse+e−
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• Lumi of  collisions enhanced at low .e+e− E
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e→e→ round beam

<latexit sha1_base64="EKIrQqc4YD1nM/fJmvIWhm080BA=">AAACAXicdVDLSgMxFM3Ud31V3QhugkVw4zB9MG13ghuXFewD2loy6R0NzTxI7ohlqBt/xY0LRdz6F+78G9NaQUUPCRzOuYfkHi+WQqPjvFuZufmFxaXllezq2vrGZm5ru6mjRHFo8EhGqu0xDVKE0ECBEtqxAhZ4Elre8GTit65BaRGF5ziKoRewy1D4gjM0Uj+3CxdH5tAuwg2m1JcMqWfy434u79jFatEtudSx3XKpUisbUq05laJLC7YzRZ7MUO/n3rqDiCcBhMgl07pTcGLspUyh4BLG2W6iIWZ8yC6hY2jIAtC9dLrBmB4YZUD9SJkbIp2q3xMpC7QeBZ6ZDBhe6d/eRPzL6yToV3upCOMEIeSfD/mJpBjRSR10IBRwlCNDGFfC/JXyK6YYR1Na1pTwtSn9nzSLdsG13bNy/rg2q2OZ7JF9ckgKpEKOySmpkwbh5Jbck0fyZN1ZD9az9fI5mrFmmR3yA9brB+JFlo4=</latexit>

e→e→ flat beam

<latexit sha1_base64="89oBZe5oNoxUaP8Dvb7zeQ9wiuk=">AAACAnicdVDLSgMxFM34tr6qrsRNsAhuHKYPp3UnuHGpYB/Q1pJJbzWYyQzJHbEMxY2/4saFIm79Cnf+jelDUNFDAodz7r3JPUEshUHP+3Cmpmdm5+YXFjNLyyura9n1jZqJEs2hyiMZ6UbADEihoIoCJTRiDSwMJNSD6+OhX78BbUSkzrEfQztkl0r0BGdopU52Cy727aEthFtMqY4S1aWBHTDoZHOe65UKhQOPem7RL1TKFUv8ol8qF2ne9UbIkQlOO9n3VjfiSQgKuWTGNPNejO2UaRRcwiDTSgzEjF+zS2haqlgIpp2OVhjQXat0aS/S9iqkI/V7R8pCY/phYCtDhlfmtzcU//KaCfYq7VSoOEFQfPxQL5EUIzrMg3aFBo6ybwnjWti/Un7FNONoU8vYEL42pf+TWsHN+65/VsodHU7iWCDbZIfskTwpkyNyQk5JlXByRx7IE3l27p1H58V5HZdOOZOeTfIDztsnvS+XCQ==</latexit>

e→e→ round beam

<latexit sha1_base64="MotDLOotCpqSnoy5OMqeUzm19f8=">AAAB/XicdVDJSgNBEO1xjXGLy81LYxC8OEwWJ/EmePGoYKKQxNDTqWiTnp6hu0aMQ/BXvHhQxKv/4c2/sbMIKvqogsd7VXT1C2IpDHrehzM1PTM7N59ZyC4uLa+s5tbW6yZKNIcaj2SkLwJmQAoFNRQo4SLWwMJAwnnQOxr65zegjYjUGfZjaIXsSomu4Ayt1M5twuWeLdpEuMWU6ihRnUE7l/dcr1ws7nvUc0t+sVqpWuKX/HKlRAuuN0KeTHDSzr03OxFPQlDIJTOmUfBibKVMo+ASBtlmYiBmvMeuoGGpYiGYVjq6fkB3rNKh3UjbVkhH6veNlIXG9MPAToYMr81vbyj+5TUS7FZbqVBxgqD4+KFuIilGdBgF7QgNHGXfEsa1sLdSfs0042gDy9oQvn5K/yf1olvwXf+0nD88mMSRIVtkm+ySAqmQQ3JMTkiNcHJHHsgTeXbunUfnxXkdj045k50N8gPO2ydF05Ui</latexit>

e→e→ round
<latexit sha1_base64="lTw0401IsoO2myT7B+liJzXy3JY=">AAAB/HicdVDLSgNBEJz1bXxFc/QyGAQvLrtJ2CQ3wYvHCMYEkjXMTnp1cPbBTK8YlvgrXjwo4tUP8ebfOIkRVLTohqKqm+mpIJVCo+O8W3PzC4tLyyurhbX1jc2t4vbOuU4yxaHNE5mobsA0SBFDGwVK6KYKWBRI6ATXxxO/cwNKiyQ+w1EKfsQuYxEKztBIg2IJLg5N0T7CLeY0lAzHg2LZsSuNilf1qGN7tWq9WTOk0XTqFY+6tjNFmczQGhTf+sOEZxHEyCXTuuc6Kfo5Uyi4hHGhn2lIGb9ml9AzNGYRaD+fHj+m+0YZ0jBRpmOkU/X7Rs4irUdRYCYjhlf6tzcR//J6GYYNPxdxmiHE/POhMJMUEzpJgg6FAo5yZAjjSphbKb9iinE0eRVMCF8/pf+T84rterZ3WisfNWdxrJBdskcOiEvq5IickBZpE05G5J48kifrznqwnq2Xz9E5a7ZTIj9gvX4AbXiUpw==</latexit>

e→e→ flat

<latexit sha1_base64="9ozbqcVsFE6bP7MWnvmOEwiXHo8=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4Gmb6mroruHFZwT6gM5Q7adqGJjNDkhHK0N9w40IRt/6MO//G9CGo6IF7OZxzL7k5YcKZ0o7zYeU2Nre2d/K7hb39g8Oj4vFJR8WpJLRNYh7LXgiKchbRtmaa014iKYiQ0244vV743XsqFYujOz1LaCBgHLERI6CN5PtjEAJWfVAsOXbDq7peHTt2reZVGp4hTrlcqXjYtZ0lSmiN1qD47g9jkgoaacJBqb7rJDrIQGpGOJ0X/FTRBMgUxrRvaASCqiBb3jzHF0YZ4lEsTUUaL9XvGxkIpWYiNJMC9ET99hbiX14/1aNGkLEoSTWNyOqhUcqxjvEiADxkkhLNZ4YAkczciskEJBBtYiqYEL5+iv8nnbLt1u36bbXUvFrHkUdn6BxdIhd5qIluUAu1EUEJekBP6NlKrUfrxXpdjeas9c4p+gHr7RONTZIH</latexit>ωω<latexit sha1_base64="9ozbqcVsFE6bP7MWnvmOEwiXHo8=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4Gmb6mroruHFZwT6gM5Q7adqGJjNDkhHK0N9w40IRt/6MO//G9CGo6IF7OZxzL7k5YcKZ0o7zYeU2Nre2d/K7hb39g8Oj4vFJR8WpJLRNYh7LXgiKchbRtmaa014iKYiQ0244vV743XsqFYujOz1LaCBgHLERI6CN5PtjEAJWfVAsOXbDq7peHTt2reZVGp4hTrlcqXjYtZ0lSmiN1qD47g9jkgoaacJBqb7rJDrIQGpGOJ0X/FTRBMgUxrRvaASCqiBb3jzHF0YZ4lEsTUUaL9XvGxkIpWYiNJMC9ET99hbiX14/1aNGkLEoSTWNyOqhUcqxjvEiADxkkhLNZ4YAkczciskEJBBtYiqYEL5+iv8nnbLt1u36bbXUvFrHkUdn6BxdIhd5qIluUAu1EUEJekBP6NlKrUfrxXpdjeas9c4p+gHr7RONTZIH</latexit>ωω

<latexit sha1_base64="9ozbqcVsFE6bP7MWnvmOEwiXHo8=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4Gmb6mroruHFZwT6gM5Q7adqGJjNDkhHK0N9w40IRt/6MO//G9CGo6IF7OZxzL7k5YcKZ0o7zYeU2Nre2d/K7hb39g8Oj4vFJR8WpJLRNYh7LXgiKchbRtmaa014iKYiQ0244vV743XsqFYujOz1LaCBgHLERI6CN5PtjEAJWfVAsOXbDq7peHTt2reZVGp4hTrlcqXjYtZ0lSmiN1qD47g9jkgoaacJBqb7rJDrIQGpGOJ0X/FTRBMgUxrRvaASCqiBb3jzHF0YZ4lEsTUUaL9XvGxkIpWYiNJMC9ET99hbiX14/1aNGkLEoSTWNyOqhUcqxjvEiADxkkhLNZ4YAkczciskEJBBtYiqYEL5+iv8nnbLt1u36bbXUvFrHkUdn6BxdIhd5qIluUAu1EUEJekBP6NlKrUfrxXpdjeas9c4p+gHr7RONTZIH</latexit>ωω

•  colliders also have  collisions.e−e−/γγ e+e−

Define the Luminosity Spectra:

dℒij

d s
= ( )

Lumi of  collisions 

at CoM energy 

ij

s
ISR

Data from A. Formenti et al.For example, consider  collisionse+e−
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Beamstrahlung Enhancement

Re+e−(Mℱ) =
∫ 1

τℱ
dτ (dℒbeam

e+e− /dτ) ̂σ(τs)

∫ 1
τℱ

dτ (dℒISR
e+e−/dτ) ̂σ(τs)
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Beamstrahlung Enhancement
Re+e−(Mℱ) =

∫ 1
τℱ

dτ (dℒbeam
e+e− /dτ) ̂σ(τs)

∫ 1
τℱ

dτ (dℒISR
e+e−/dτ) ̂σ(τs)

<latexit sha1_base64="E+fRSoH6FRFjJ8Yyz7iGDd4SuQ8=">AAACAnicdVBNSwMxEM36bf2qehIvwSII4rJrt9XeBC8eK1gV2lqy6VSD2eySzIplKV78K148KOLVX+HNf2P6Iajog4HHezPJzAsTKQx63oczNj4xOTU9M5ubm19YXMovr5yaONUcajyWsT4PmQEpFNRQoITzRAOLQgln4fVh3z+7AW1ErE6wm0AzYpdKdARnaKVWfg0utuFihzYQbjGjOk5Vm4b2gV4rX/DcoFwJKiXqubtlPwiKfVL0S8US9V1vgAIZodrKvzfaMU8jUMglM6buewk2M6ZRcAm9XCM1kDB+zS6hbqliEZhmNjihRzet0qadWNtSSAfq94mMRcZ0o9B2RgyvzG+vL/7l1VPs7DczoZIUQfHhR51UUoxpPw/aFho4yq4ljGthd6X8imnG0aaWsyF8XUr/J6e7rl92y8dB4aAyimOGrJMNskV8skcOyBGpkhrh5I48kCfy7Nw7j86L8zpsHXNGM6vkB5y3T7sulwc=</latexit>

e+e→ round beam
<latexit sha1_base64="0QBDhtwS/ry82ybnyQigOiilCrA=">AAACAXicdVDLSgNBEJz1GeMr6kXwMhgEQVw2S9wkN8GLRwUThSSG2UmvDpl9MNMrhiVe/BUvHhTx6l9482+cPAQVLRgoqrro6fITKTQ6zoc1NT0zOzefW8gvLi2vrBbW1hs6ThWHOo9lrC58pkGKCOooUMJFooCFvoRzv3c09M9vQGkRR2fYT6AdsqtIBIIzNFKnsAmXe3C5T1sIt5jRQDKkvskPOoWiY1eqnlv1qGO71QO3VjHEcZ1y2aMl2xmhSCY46RTeW92YpyFEyCXTullyEmxnTKHgEgb5VqohYbzHrqBpaMRC0O1sdMGA7hilS4NYmRchHanfExkLte6HvpkMGV7r395Q/MtrphhU25mIkhQh4uNFQSopxnRYB+0KBRxl3xDGlTB/pfyaKcbRlJY3JXxdSv8nDdcuebZ3Wi4e1iZ15MgW2Sa7pEQq5JAckxNSJ5zckQfyRJ6te+vRerFex6NT1iSzQX7AevsE1y+Whg==</latexit>

e+e→ flat beam

ISR

Data from A. Formenti et al.
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Beamstrahlung Enhancement

̂σ( ̂s) ∝ ̂s

Re+e−(Mℱ) =
∫ 1

τℱ
dτ (dℒbeam

e+e− /dτ) ̂σ(τs)

∫ 1
τℱ

dτ (dℒISR
e+e−/dτ) ̂σ(τs)

<latexit sha1_base64="E+fRSoH6FRFjJ8Yyz7iGDd4SuQ8=">AAACAnicdVBNSwMxEM36bf2qehIvwSII4rJrt9XeBC8eK1gV2lqy6VSD2eySzIplKV78K148KOLVX+HNf2P6Iajog4HHezPJzAsTKQx63oczNj4xOTU9M5ubm19YXMovr5yaONUcajyWsT4PmQEpFNRQoITzRAOLQgln4fVh3z+7AW1ErE6wm0AzYpdKdARnaKVWfg0utuFihzYQbjGjOk5Vm4b2gV4rX/DcoFwJKiXqubtlPwiKfVL0S8US9V1vgAIZodrKvzfaMU8jUMglM6buewk2M6ZRcAm9XCM1kDB+zS6hbqliEZhmNjihRzet0qadWNtSSAfq94mMRcZ0o9B2RgyvzG+vL/7l1VPs7DczoZIUQfHhR51UUoxpPw/aFho4yq4ljGthd6X8imnG0aaWsyF8XUr/J6e7rl92y8dB4aAyimOGrJMNskV8skcOyBGpkhrh5I48kCfy7Nw7j86L8zpsHXNGM6vkB5y3T7sulwc=</latexit>

e+e→ round beam
<latexit sha1_base64="0QBDhtwS/ry82ybnyQigOiilCrA=">AAACAXicdVDLSgNBEJz1GeMr6kXwMhgEQVw2S9wkN8GLRwUThSSG2UmvDpl9MNMrhiVe/BUvHhTx6l9482+cPAQVLRgoqrro6fITKTQ6zoc1NT0zOzefW8gvLi2vrBbW1hs6ThWHOo9lrC58pkGKCOooUMJFooCFvoRzv3c09M9vQGkRR2fYT6AdsqtIBIIzNFKnsAmXe3C5T1sIt5jRQDKkvskPOoWiY1eqnlv1qGO71QO3VjHEcZ1y2aMl2xmhSCY46RTeW92YpyFEyCXTullyEmxnTKHgEgb5VqohYbzHrqBpaMRC0O1sdMGA7hilS4NYmRchHanfExkLte6HvpkMGV7r395Q/MtrphhU25mIkhQh4uNFQSopxnRYB+0KBRxl3xDGlTB/pfyaKcbRlJY3JXxdSv8nDdcuebZ3Wi4e1iZ15MgW2Sa7pEQq5JAckxNSJ5zckQfyRJ6te+vRerFex6NT1iSzQX7AevsE1y+Whg==</latexit>

e+e→ flat beam

ISR

Data from A. Formenti et al.
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Beamstrahlung Enhancement

<latexit sha1_base64="VNAxX7BUtytaJaytzwdFgCgyfxY="></latexit>

log
(
ŝ/M2

F
)
ω(ŝ→M2

F)

̂σ( ̂s) ∝ ̂s

Re+e−(Mℱ) =
∫ 1

τℱ
dτ (dℒbeam

e+e− /dτ) ̂σ(τs)

∫ 1
τℱ

dτ (dℒISR
e+e−/dτ) ̂σ(τs)

<latexit sha1_base64="E+fRSoH6FRFjJ8Yyz7iGDd4SuQ8=">AAACAnicdVBNSwMxEM36bf2qehIvwSII4rJrt9XeBC8eK1gV2lqy6VSD2eySzIplKV78K148KOLVX+HNf2P6Iajog4HHezPJzAsTKQx63oczNj4xOTU9M5ubm19YXMovr5yaONUcajyWsT4PmQEpFNRQoITzRAOLQgln4fVh3z+7AW1ErE6wm0AzYpdKdARnaKVWfg0utuFihzYQbjGjOk5Vm4b2gV4rX/DcoFwJKiXqubtlPwiKfVL0S8US9V1vgAIZodrKvzfaMU8jUMglM6buewk2M6ZRcAm9XCM1kDB+zS6hbqliEZhmNjihRzet0qadWNtSSAfq94mMRcZ0o9B2RgyvzG+vL/7l1VPs7DczoZIUQfHhR51UUoxpPw/aFho4yq4ljGthd6X8imnG0aaWsyF8XUr/J6e7rl92y8dB4aAyimOGrJMNskV8skcOyBGpkhrh5I48kCfy7Nw7j86L8zpsHXNGM6vkB5y3T7sulwc=</latexit>

e+e→ round beam
<latexit sha1_base64="0QBDhtwS/ry82ybnyQigOiilCrA=">AAACAXicdVDLSgNBEJz1GeMr6kXwMhgEQVw2S9wkN8GLRwUThSSG2UmvDpl9MNMrhiVe/BUvHhTx6l9482+cPAQVLRgoqrro6fITKTQ6zoc1NT0zOzefW8gvLi2vrBbW1hs6ThWHOo9lrC58pkGKCOooUMJFooCFvoRzv3c09M9vQGkRR2fYT6AdsqtIBIIzNFKnsAmXe3C5T1sIt5jRQDKkvskPOoWiY1eqnlv1qGO71QO3VjHEcZ1y2aMl2xmhSCY46RTeW92YpyFEyCXTullyEmxnTKHgEgb5VqohYbzHrqBpaMRC0O1sdMGA7hilS4NYmRchHanfExkLte6HvpkMGV7r395Q/MtrphhU25mIkhQh4uNFQSopxnRYB+0KBRxl3xDGlTB/pfyaKcbRlJY3JXxdSv8nDdcuebZ3Wi4e1iZ15MgW2Sa7pEQq5JAckxNSJ5zckQfyRJ6te+vRerFex6NT1iSzQX7AevsE1y+Whg==</latexit>

e+e→ flat beam

ISR

Data from A. Formenti et al.
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Beamstrahlung Enhancement

<latexit sha1_base64="VNAxX7BUtytaJaytzwdFgCgyfxY="></latexit>

log
(
ŝ/M2

F
)
ω(ŝ→M2

F)

<latexit sha1_base64="WlXytOKJHMSUf4IDIspCXZLPoNs="></latexit>

1/ŝ ω(ŝ→M 2
F )

̂σ( ̂s) ∝ ̂s

Re+e−(Mℱ) =
∫ 1

τℱ
dτ (dℒbeam

e+e− /dτ) ̂σ(τs)

∫ 1
τℱ

dτ (dℒISR
e+e−/dτ) ̂σ(τs)

<latexit sha1_base64="E+fRSoH6FRFjJ8Yyz7iGDd4SuQ8=">AAACAnicdVBNSwMxEM36bf2qehIvwSII4rJrt9XeBC8eK1gV2lqy6VSD2eySzIplKV78K148KOLVX+HNf2P6Iajog4HHezPJzAsTKQx63oczNj4xOTU9M5ubm19YXMovr5yaONUcajyWsT4PmQEpFNRQoITzRAOLQgln4fVh3z+7AW1ErE6wm0AzYpdKdARnaKVWfg0utuFihzYQbjGjOk5Vm4b2gV4rX/DcoFwJKiXqubtlPwiKfVL0S8US9V1vgAIZodrKvzfaMU8jUMglM6buewk2M6ZRcAm9XCM1kDB+zS6hbqliEZhmNjihRzet0qadWNtSSAfq94mMRcZ0o9B2RgyvzG+vL/7l1VPs7DczoZIUQfHhR51UUoxpPw/aFho4yq4ljGthd6X8imnG0aaWsyF8XUr/J6e7rl92y8dB4aAyimOGrJMNskV8skcOyBGpkhrh5I48kCfy7Nw7j86L8zpsHXNGM6vkB5y3T7sulwc=</latexit>

e+e→ round beam
<latexit sha1_base64="0QBDhtwS/ry82ybnyQigOiilCrA=">AAACAXicdVDLSgNBEJz1GeMr6kXwMhgEQVw2S9wkN8GLRwUThSSG2UmvDpl9MNMrhiVe/BUvHhTx6l9482+cPAQVLRgoqrro6fITKTQ6zoc1NT0zOzefW8gvLi2vrBbW1hs6ThWHOo9lrC58pkGKCOooUMJFooCFvoRzv3c09M9vQGkRR2fYT6AdsqtIBIIzNFKnsAmXe3C5T1sIt5jRQDKkvskPOoWiY1eqnlv1qGO71QO3VjHEcZ1y2aMl2xmhSCY46RTeW92YpyFEyCXTullyEmxnTKHgEgb5VqohYbzHrqBpaMRC0O1sdMGA7hilS4NYmRchHanfExkLte6HvpkMGV7r395Q/MtrphhU25mIkhQh4uNFQSopxnRYB+0KBRxl3xDGlTB/pfyaKcbRlJY3JXxdSv8nDdcuebZ3Wi4e1iZ15MgW2Sa7pEQq5JAckxNSJ5zckQfyRJ6te+vRerFex6NT1iSzQX7AevsE1y+Whg==</latexit>

e+e→ flat beam

ISR

Data from A. Formenti et al.
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(ŝ

)
[a

rb
.
un

it
s]
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∫ 1

τℱ
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Not the full story!  
Sometimes large changes to efficiencies.
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Beamstrahlung creates more central (less forward peaked) collisions.

̂s = 1 TeV
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How do you typically look for Resonances 
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Consider a vector resonance coupled to leptons.

pi
pf

q
ℳ ∝

1
q2

≈
1

EE′￼(1 − cos θ)

As  the virtual lepton is nearly on shell and can be treated as a parton.θ → 0

X



How do you typically look for Resonances 
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σX(s) = ∫
d ̂s
s

ℒij( ̂s) ̂σij→X( ̂s)

Garosi, Marzocca, Trifinopoulos [2303.16964]
The cross section in terms of parton luminosity is

The Narrow Width Approximation (NWA) gives

̂σab→X( ̂s) ≈
12π2ΓX→ij

MX
δ ( ̂s − m2

X)
Doing the integral gives

σX(s) ≈
12π2ΓX→ab

MX
ℒij(M2

X)
Parton luminosity functions scan  

all energies for resonances.



Beamstrahlung vs Parton Luminosity
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Parton Lumi  Beamstrahlung Lumi.→

Beamstrahlung much larger then PDFs.

σX(s) ≈
12π2ΓX→ab

MX
ℒij(M2

X)

Simple procedure for calculating rate at WF collider



Resonance Rapidity Distributions
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Light resonances get large boosts.

y(MX) ≈
1
2

log ( s
M2

X )
Or perhaps more clearly, the leptons from the resonance have angles

θℓ ∼
MX

s
 Signal escapes detector for  for ⟹ MX ≲ 0.1 s θdet,min ≈ 10∘

Story w/o Beamstrahlung:

E1 ∼ Ebeam E2
ℓ′￼

ℓ′￼

EX

Before After
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y(MX) ≈
1
2

log ( s
M2

X )• When  we can cut  on 
 to reduce background by . 

beamstrahlung hurts a bit.

y(MX) < ηdet
y 𝒪(10)

⟹

• When  many events 
our lost outside the detector. 

beamstrahlung helps a lot.

y(MX) > ηdet

⟹



Inclusive Search: e+ e− → (Z′￼ → μ+μ−) + anything
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Cuts:  

1.  

2.  

Detector Modeling: 
1.  

2.  

SM Backgrounds:  

1.  

2.  

|mμμ − MZ′￼
| ≤ ΔMZ′￼

| |yμμ | −
1
2

log(s/M2
Z′￼

) | ≤ δ

Δ ∼ MZ′￼
σ(1/pT,μ) ≈ 0.02 × (MZ′￼

/TeV)

|ημ± | < 2.5

e+ e− → (γ*/Z* → μ+μ−)
γγ → μ+ μ−

103 104

MZ 0 [GeV]

103

104

105

106

107

N
um

b
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For a  round beam WFCe+e−

Signal (ϵ = 0.1)
γγ → μ +μ −

e +e − → μ +μ −
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ϵ

 [GeV]MZ′￼

LHC
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ϵ

 [GeV]MZ′￼

FCC-hh

FCC-ee
LHC

HL-LHC
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μ+μ− → (Z′￼ → e+e−) + γ

μ+μ− → (Z′￼ → e+e−)

FCC-hh

FCC-ee
LHC

HL-LHC
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ϵ

 [GeV]MZ′￼

e+ e− rounde+e− flat

γγ

e− e− flat

e−e− round
μ+μ− → (Z′￼ → e+e−) + γ

μ+μ− → (Z′￼ → e+e−)

FCC-hh

FCC-ee
LHC

HL-LHC

For 1-loop induced ϵ

ϵ ≈
eeD

16π2
∈ [.003,.08]

for eD ∈ [0.5, 4π]



Example: Dark Photon Limits
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ϵ

 [GeV]MZ′￼

Positrons worth factor of 100 in 
 for resonance searches 

(if coupled to leptons).
Lgeom
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Higgs Couplings
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The Higgs boson must be understood as well as possible.

[Snowmass Topical Report]



High Energy  High Statistics⟹



Higgs Production Cross Sections
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First consider single Higgs production



Higgs Production Cross Sections
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First consider single Higgs production



Higgs Production Cross Sections
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Now consider Di-Higgs production



Higgs Production Cross Sections
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Now consider Di-Higgs production



Higgs Production Cross Sections
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We lose the dashed line channels for .e−e−

Naively implies 
factor of 10 worse.

Also, must account 
for luminosity.



Higgs Production Cross Sections
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We lose the dashed line channels for .e−e−

0 5 10p
ŝ (TeV)

100

101

102 L(∏
p

ŝ) (ab°1/year)
e+e° Round

e+e° Flat

e°e° Round

e°e° Flat

µ+µ° Collider

Extra factor of 10.



Single Higgs Analysis 
( )H → bb̄



Single Higgs Analysis
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Cuts (Incomplete list):  

1.  

2.  

|mbb̄ − mh | ≤ 15 GeV
pT,bb̄ > 30 GeV

Detector Modeling: 

1.  

2.

σ(Eb)/Eb = 0.1
|ηb,b̄ | < 2.5

Backgrounds:  

1.  

2.  

Z* → bb̄
γγ → bb̄

Tagged final state e±



Tagging Forward Particles



Tagging Forward Particles
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e−

e−

e− e−

e−

H
e−

Low Energy



Tagging Forward Particles

57

e−
H

e−

High Energy
e−

e− e−

e−



Tagging Forward Particles
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e−

e+ e+

e− e−

e+ ν̄e

νe

κZ κW
How to distinguish?

ZBF Events



Sensitivity to  and κW κZ
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Double Higgs Analysis 
( )HH → bb̄bb̄



Higgs Self Interaction is Directly Accessible
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Simon Knapen’s  
Allegro 2025 Talk



Double Higgs Analysis
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Cuts (Incomplete list):  

1.  

2.  

|mbb̄ − mh | ≤ 15 GeV
pT,bb̄ > 30 GeV

Detector Modeling: 

1.  

2.

σ(Eb)/Eb = 0.1
|ηb,b̄ | < 2.5

Backgrounds:  

1.  

2.  

Z*Z* → bb̄bb̄
γγ → bb̄bb̄



Double Higgs Analysis (   Coefficients)r
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Higgs Self Interaction is Directly Accessible

κ3κV2

κW2
= κZ2



Sensitivity to  , , and κW κZ κ3
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Conclusion
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• Wakefield colliders are an interesting option to  TeV with unique qualities.10

• Theory can inform very important R&D efforts. 
1. What is the luminosity cost of accelerating positrons? 
2. What is the luminosity cost of beam geometries (round or flat)? 
3. If only  is possible, how much what is the luminosity cost of going to ?e−e− γγ

• Beamstrahlung can be greatly beneficial!

Lessons

• Positrons are valuable; worth  in  for several benchmarks.𝒪(10 − 100) ℒgeom

•  occasionally outperforms  colliders.γγ e−e−

• Beamstrahlung modified event kinematics can play a huge role.
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