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Strong CP problem

And
Axion like particle



QCD vacuum

YM non-trivial field A — T 5 -1 ol X T
configurations :instanton w2y p2d%md 9= .

E A o Sphaleron N 2 : zen | n
Perturbation ,"/
/ e 0 dependent vacuum . 9
v Lo-ta24 %% ga
'; Instanton 4 327‘(‘

- Naturalness principle tells (if the quantity is not protected
by symmetry, it should be order one
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- The Peccei-Quinn (PQ) mechanism
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Introduce Goldstone a (axion) LD (% + 9) 39,2 GG.

Axion interaction is shifting \

© Then this shift symmetry can remove the &
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© The axion VEV {(a) = — fO preserves the CP
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- The QCD axion
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- Some UV completions of QCD axion also predict other couplings

Couple to a 1 5 a 1 ~

- Currently we only focus on the ALP only coupling to photons (simple)
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- The ElcC
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© The ElcC has high enough energy to produce ALP at O(1) GeV

E,~20GeV or £, ~4TeV E, ~ 3.5 GeV

* High luminosity & ~ 100 fo~"



- The ALP is coherently produced at ElcC
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Black line is the ALP production cross section
Color lines are backgrounds

- The advantage of coherent production

« The coherent production is enhanced by 772
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e Coherent production can suppressed the background




~ The production is dominated by the minimal values of tez and t]%,
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Coherent constraint
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- The energy
ElcC EIC
E,~20Gev or E, ~4TeV E,~300Gev or E, ~20TeV
E, ~ 3.5GeV E, ~ 18 GeV

- Even the energy of ion at EIC is much higher than ElcC, coherent
production suppress the energy of the ions transferred into ALP

(—tN)min ~ (1/7n)? ~ 0.164A472/3 GeV?
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ElcC can have better ALP detect ability in lower mass range if
has higher efficient detection of photons and electrons



- For prompt searches, the signal is clean

2v + recoil e~ + intact lead ion

- To ensure a good photon reconstruction efficiency, we apply some
basic cuts on the final-state photons

E., > 0.05 GeV,

- The backgrounds at each m , are estimated
by integrating over the invariant mass in the

window of

| n, |< 4.0.

Moy € (Mg — 20Meyy, Mg + 2Am.- ]

- The resolution of photons invariant mass

Efficiency of single lepton (photon) detection
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- The dominant BG is light-by-light scattering (irreducible BG)
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- The other possible backgrounds from missing some photons

Pion-pair production Omega production
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- Reducing BG, two photons should be back-to-back in transverse plane

| Ap, — 7 |< 0.2

Further suppress the second BG mw < mw . —4 < 777 < 0




- The EicC projections on the ALP-photon coupling in prompt searches
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Displaced vertex search between [0.1, 1] meter
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- Focus on the kinetic mixing dark photon model (minimal)
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- Dark photon production via electron bremsstrahlung at EicC
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- The signal: a pair of leptons from dark photon decay
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- Impose the cuts on leptons for efficient detection
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- To suppress the BG, focus on the displaced-vertex search
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- It also has world leading detection on dark photon for m, € [0.1,2] GeV
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Thanks !




- The signal: a pair of photons from ALP decay

CL—)")”')/
- Pseudorapidity probability distribution for the two photons from ALP

- m, = 1.0 GeV_
L E, = 3.5GeV
5f Ep, = 4TeV

Most the ALPs are boosted iF} the negative pseudorapidity sMo photons inherit this property

Heavier ALP is less boosted so the photons are separated at large angle



