
Nathaniel 

Craig

Physics Case for Precision 
Measurements at a  
Higgs Factory



What are qualitative targets for 
Higgs precision in an era of 

exploration? 
*ILC250/500/1000 as illustration of linear colliders more broadly
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A Fundamental Scalar?
Figure of merit: Higgs “size” vs Compton wavelength. Beginning to probe 

the size of the Higgs at the LHC, but not yet to π-like compositeness

HL-LHC ILC500 
(for example)

More precisely: bound “size” corrections, e.g.                        

[1905.03764]
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Higgs factories will ultimately probe size of the Higgs well beyond this, providing 
strong evidence that the Higgs is elementary. If not, abundant new physics awaits.
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A Self-Interacting Particle?
A self-interacting Higgs (as SM predicts) would be unlike anything 
yet seen in nature; all other interactions change particle identity.

h
h

h
Classically test Higgs self-coupling 

via Higgs pair production. 

ILC 4/ab @ 500 GeV: test Higgs self-
interactions at ~27% level 

(Improved b-tag, added modes 20% [Dürig ’16]) 

ILC 8/ab @ 1 TeV: ~10% level

→

[1903.01629]

Quantum mechanically test Higgs self-coupling via virtual corrections [McCullough 1312.3322]
Multiple c.o.m. energies matter:  49% @ ILC250  38% @ ILC250/350/500→

Further implications: see 
M. Perelstein’s talk
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A Yukawa Force?
Yukawa force between fundamental 

particles: never seen until now

Established by >5σ observation of ttH, 
H→bb and H→ττ  in LHC Run 2

VHiggs(r)

VWeak(r)
⇠ y2

g2
e�(mh�mZ)r

“Is this any less important than the discovery of the Higgs 
boson itself? My opinion: no, because fundamental 

interactions are as important as fundamental particles” 

                                                                           — G. Salam
8

Focus now on 2nd generation. 
Lightness makes flavor puzzle compelling, 
couplings could hold key to flavor puzzle.

ILC HL-LHC
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A portal to the dark sector?
L � |H|
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. Arcadi, A. D

jouadi, M
. Raidal, 1903.03616]

ILC

Higgs a (the?) primary portal for coupling to SM-neutral sectors
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Naturalness Strategy
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There are now many ways of explaining EWSB and predicting the Higgs mass using symmetries. 
But what is the bottom line? What’s the ultimate target for symmetry-based naturalness?
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Concrete theories: see 
M. Perelstein’s talk
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Thinking Positively
Locality, unitarity, and analyticity constrain EFT corrections to SM (“positivity bounds”)

More recently: extensive application 
directly to Wilson coefficients in SMEFT, e.g. 
[Bellazzini, Riva 1806.09640; Zhang, Zhou 
1808.00010; Bi, Zhang, Zhou 1902.08977; 

Remmen, Rodd 1908.09845; Remmen, 
Rodd, 2004.02885; Zhang, Zhou 

2005.03047; Fuks, Liu, Zhang, Zhou 
2009.02212; Yamashita, Zhang, Zhou 

2009.04490; Remmen, Rodd 2010.04723; 
Gu, Wang, Zhang 2011.03055; Trott 

2011.10058; Bonnefoy, Gendy, Grojean 
2011.12855; Li, Yang, Xu, Zhang, Zhou 

2101.01191, …]

Long history, revived in [Adams, Arkani-Hamed, Dubovsky, Nicolis, Rattazzi ‘06; 
Distler, Grinstein, Porto, Rothstein ’06; …]

[Remmen & Rodd, 1908.09845]

Improve global fits 
by imposing 

positivity bounds

OR

Interpret as 
experimental tests 

of bedrock 
principles of QFT.

(Ideally do both)



Thinking Positively
d=6: UV-sensitive positivity bounds, sum rules.      d=8: UV-insensitive positivity bounds

Thus far: primarily applied to aQGCs @ LHC 
 [Bellazzini & Riva ’18, Zhang & Zhou, ’18,…] 

Interesting prospects in  @ILC  
[Fuks, Liu, Zhang, Zhou ’20, Gu, Wang, Zhang ‘20] 

e+e− → e+e−, γγ

Naive expectation: dim-8 operator effects always subleading 

Reality: often leading due to non-interference thms and more 
pragmatic non-interference effects (color, phase space, …)

Positivity bounds also imply d=8 deviations are robust against cancellations,  
giving a guaranteed probe of UV physics with precision measurement.

[Fuks, Liu, Zhang, Zhou ’20]
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Non-decoupling new particles?
Local EFT of the Higgs + SM particles does not linearly realize 

electroweak symmetry if new UV particles acquire more than half 
of their mass from the Higgs. Many examples currently viable 

[Banta, Cohen, NC, Lu, Sutherland, 2110.02967]

ILC coverage of non-decoupling scalars

Unitarity

Direct 
searches
←

Hypercharge-1 Inert Doublet Inert Triplet

E
h,~⇡

<latexit sha1_base64="1isC0euxzRgw72//ZOK2Y+4ix50=">AAAB83icdVDJSgNBEO1xjXGLevTSGAQPMkxCxOQW9OIxglkgM4SeTk3SpKen6e4JhCG/4cWDIl79GW/+jZ1FcH1Q8Hiviqp6oeRMG897d1ZW19Y3NnNb+e2d3b39wsFhSyepotCkCU9UJyQaOBPQNMxw6EgFJA45tMPR9cxvj0Fplog7M5EQxGQgWMQoMVbyh+fYHwPNfMmmvULRc2vVSrVWxr9JyfXmKKIlGr3Cm99PaBqDMJQTrbslT5ogI8owymGa91MNktARGUDXUkFi0EE2v3mKT63Sx1GibAmD5+rXiYzEWk/i0HbGxAz1T28m/uV1UxNVg4wJmRoQdLEoSjk2CZ4FgPtMATV8YgmhitlbMR0SRaixMeVtCJ+f4v9Jq+yWKu7FbaVYv1rGkUPH6ASdoRK6RHV0gxqoiSiS6B49oicndR6cZ+dl0briLGeO0Dc4rx9X9JHt</latexit>
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<latexit sha1_base64="BOgZsl2d/19qV9u3hO3aDA985Kw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GiYhYnILevGYgFkgGUJPpyZp07PQ3RMIQ77AiwdFvPpJ3vwbO4vg+qDg8V4VVfW8WHClHefdyqytb2xuZbdzO7t7+wf5w6OWihLJsMkiEcmORxUKHmJTcy2wE0ukgSew7Y2v5357glLxKLzV0xjdgA5D7nNGtZEak36+4NjVSrlSLZHfpGg7CxRghXo//9YbRCwJMNRMUKW6RSfWbkql5kzgLNdLFMaUjekQu4aGNEDlpotDZ+TMKAPiR9JUqMlC/TqR0kCpaeCZzoDqkfrpzcW/vG6i/Yqb8jBONIZsuchPBNERmX9NBlwi02JqCGWSm1sJG1FJmTbZ5EwIn5+S/0mrZBfL9kWjXKhdreLIwgmcwjkU4RJqcAN1aAIDhHt4hCfrznqwnq2XZWvGWs0cwzdYrx+Tro16</latexit>
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<latexit sha1_base64="xqhwr0ERQz7lv8tfPmaWPn3kBY8=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoMgHpbdEDG5Bb14jGgSIVnC7GQ2GTIzu8zMCmHJJ3jxoIhXv8ibf+PkIfgsaCiquunuChPOtPG8dye3tLyyupZfL2xsbm3vFHf3WjpOFaFNEvNY3YZYU84kbRpmOL1NFMUi5LQdji6mfvuOKs1ieWPGCQ0EHkgWMYKNla5F76RXLHlurVqp1sroN/Fdb4YSLNDoFd+6/ZikgkpDONa643uJCTKsDCOcTgrdVNMEkxEe0I6lEguqg2x26gQdWaWPoljZkgbN1K8TGRZaj0VoOwU2Q/3Tm4p/eZ3URNUgYzJJDZVkvihKOTIxmv6N+kxRYvjYEkwUs7ciMsQKE2PTKdgQPj9F/5NW2fUr7ulVpVQ/X8SRhwM4hGPw4QzqcAkNaAKBAdzDIzw53Hlwnp2XeWvOWczswzc4rx+gwI4O</latexit>
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<latexit sha1_base64="1isC0euxzRgw72//ZOK2Y+4ix50=">AAAB83icdVDJSgNBEO1xjXGLevTSGAQPMkxCxOQW9OIxglkgM4SeTk3SpKen6e4JhCG/4cWDIl79GW/+jZ1FcH1Q8Hiviqp6oeRMG897d1ZW19Y3NnNb+e2d3b39wsFhSyepotCkCU9UJyQaOBPQNMxw6EgFJA45tMPR9cxvj0Fplog7M5EQxGQgWMQoMVbyh+fYHwPNfMmmvULRc2vVSrVWxr9JyfXmKKIlGr3Cm99PaBqDMJQTrbslT5ogI8owymGa91MNktARGUDXUkFi0EE2v3mKT63Sx1GibAmD5+rXiYzEWk/i0HbGxAz1T28m/uV1UxNVg4wJmRoQdLEoSjk2CZ4FgPtMATV8YgmhitlbMR0SRaixMeVtCJ+f4v9Jq+yWKu7FbaVYv1rGkUPH6ASdoRK6RHV0gxqoiSiS6B49oicndR6cZ+dl0briLGeO0Dc4rx9X9JHt</latexit>
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<latexit sha1_base64="u4N4EDUvHyt6PVsNgYrWRipwVMs=">AAAB6nicdZDNSsNAFIVv6l+tf1WXbgaL4Cok2mrdFd24rGhroY1lMp20QyeTMDMRSugjuHGhiFufyJ1v4zSNoKIHBi7fuZe59/gxZ0o7zodVWFhcWl4prpbW1jc2t8rbO20VJZLQFol4JDs+VpQzQVuaaU47saQ49Dm99ccXM//2nkrFInGjJzH1QjwULGAEa4OuR3fH/XLFsc9qVdc9QY7tZEIZqbs15OakArma/fJ7bxCRJKRCE46V6rpOrL0US80Ip9NSL1E0xmSMh7RrSoFDqrw0W3WKDgwZoCCS5gmNMvp9IsWhUpPQN50h1iP125vBv7xuooO6lzIRJ5oKMv8oSDjSEZrdjQZMUqL5xBSYSGZ2RWSEJSbapFMyIXxdiv4v2ke2W7VrV9VK4zyPowh7sA+H4MIpNOASmtACAkN4gCd4trj1aL1Yr/PWgpXP7MIPWW+fS0ON0w==</latexit>
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<latexit sha1_base64="JCLE19tU3a9U66Ih10S+K2ai958=">AAACBHicdVDLSgMxFM34rPU16rKbYBFcDdNSsd0V3bisYB/QKeVOmpkJTWaGJKOU0oUbf8WNC0Xc+hHu/BvTh+DzwOUezrmX5B4/5Uxp1323lpZXVtfWcxv5za3tnV17b7+lkkwS2iQJT2THB0U5i2lTM81pJ5UUhM9p2x+eT/32NZWKJfGVHqW0JyCMWcAIaCP17UKEPcnCSIOUyQ32QhACFq1vF12nVq1Ua2X8m5Qcd4YiWqDRt9+8QUIyQWNNOCjVLbmp7o1BakY4neS9TNEUyBBC2jU0BkFVbzw7YoKPjDLAQSJNxRrP1K8bYxBKjYRvJgXoSP30puJfXjfTQbU3ZnGaaRqT+UNBxrFO8DQRPGCSEs1HhgCRzPwVkwgkEG1yy5sQPi/F/5NW2SlVnJPLSrF+togjhwroEB2jEjpFdXSBGqiJCLpF9+gRPVl31oP1bL3MR5esxc4B+gbr9QMJ8Jhk</latexit>



Seven Questions

✓…have a size? 

✓…interact with itself? 

✓…mediate a yukawa force? 

✓…connect to the dark sector? 

✓…fulfill the naturalness strategy? 

✓…preserve causality? 

✓…realize electroweak symmetry?

Does the Higgs…
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Is it the SM Higgs?

22

LHC (now)

(If you like this way of presenting Higgs self-coupling precision, please feel free 
to use it! The inspiration came from conversations with R. Petrossian-Byrne.) 
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Is it the SM Higgs?

ILC (1 TeV)

HL-LHC



Imaging the Higgs?
EHT image of M87

Summing over individual Higgs particle decays to a given final state (e.g. ) “images” 
the Higgs field in that channel. Are there better ways to visualize Higgs data & convey 

the majesty of precision measurement?

γγ

“Both because EHT measurements are sparse and 
because absolute phase calibration at millimeter 

wavelengths is impossible, recovering an image from 
EHT observations is a difficult and ill-posed problem. 
Images must be reconstructed using algorithms that 

find the best-fit images to data under a (hopefully 
minimal) set of additional assumptions about the 

source structure.” 

— Andrew Chael (Princeton/EHT)



Thank you!


