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🃒 Projectable maps

OVERVIEW

⚙  Motivations:    Complexification of real systems 
                           Logarithmic change of coordinates 
                           Projection of transcendental meromorphic maps

🂥 Exploration of a simple Newton map  &  its Projection                                      
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🃑 Newton maps

🂦 Searching possible Wandering domains   

⚙  Goal:    Get familiar with projections & essential singularities 

⚙  Contents:  

🃔 Logarithmic lift of Fatou components                              

🃓 Class K (meromorphic outside a small set)
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• Entire function     |      Root of          |        Critical point of              f : ℂ → ℂ f f

1. NEWTON maps
☞ Barański, Fagella, 
Jarque, Karpińska [2015]
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Nf (z) = z � f(z)

f 0(z)
<latexit sha1_base64="Q7aRahQwaOUu7eah5QhTbmecz+0=">AAACAHicbVDLSgMxFL1TX7W+Rl2KECxiXVhmqqAboejGlVSwD2iHkkkzbWjmQZIR2qEb/RldibrzG/wB/8ZMnYVWzybn3nMu5Bw34kwqy/o0cnPzC4tL+eXCyura+oa5udWQYSwIrZOQh6LlYkk5C2hdMcVpKxIU+y6nTXd4merNOyokC4NbNYqo4+N+wDxGsNKrrrl73fVK40N0jsZHHU9gkqTjJPEO0qdrFq2yNQX6S+yMFCFDrWt+dHohiX0aKMKxlG3bipSTYKEY4XRS6MSSRpgMcZ+2NQ2wT6WTTGNM0L4XCqQGFE3nn94E+1KOfFd7fKwGclZLl/9p7Vh5Z07CgihWNCDaojUv5kiFKG0D9ZigRPGRJpgIpn+JyADrGpTurKDj27Nh/5JGpWwflys3J8XqRVZEHnZgD0pgwylU4QpqUAcCD/AEr/Bm3BuPxrPx8m3NGdnNNvyC8f4FR8OU2Q==</latexit>

f(z) = z(z � 1)(z � a)
<latexit sha1_base64="opQjWAo2p2t8gwo4VauP+imcumo=">AAAB83icbVDLTgJBEOzFF+Jr1aOXjcQEDpJdNNGLCdGLR0zkkcCGzA69MGH2kZlZEtjwJXoy6s0/8Qf8Gwfcg4J16FR3VSfd5cWcSWXbX0ZubX1jcyu/XdjZ3ds/MA+PmjJKBMUGjXgk2h6RyFmIDcUUx3YskAQex5Y3upvrrTEKyaLwUU1idAMyCJnPKFF61DNNvzQt30xL03OnrAsp98yiXbEXsFaJk5EiZKj3zM9uP6JJgKGinEjZcexYuSkRilGOs0I3kRgTOiID7GgakgClmy4un1lnfiQsNURr0f/2piSQchJ42hMQNZTL2nz4n9ZJlH/tpiyME4Uh1Rat+Qm3VGTNA7D6TCBVfKIJoYLpKy06JIJQpWMq6Ped5WdXSbNacS4q1YfLYu02CyIPJ3AKJXDgCmpwD3VoAIUxPMMbvBuJ8WS8GK8/1pyR7RzDHxgf34Pyj04=</latexit>

  rational map Nf

Riemann sphere: 
  ℂ̂ = ℂ ∪ {∞}

Stereographic 
projection

     
  transcendental mero.
Nf(z) = z − tan(z)

    Cylinder: 
    ℂ/(πℤ)

Modulo π

•  Newton map    |   Attracting fixed point of     |    Pole of                       Nf : ℂ → ℂ̂ f f

f(z) = sin(z) 6= p(z)eq(z)
<latexit sha1_base64="98DoL2wDEeOklDheaz23KwFT6qA=">AAACFnicbVA9T8MwEHX4pnwVGFksKiRYqqQgwYKEYGEsEi1ITakcc2mtOk6wL4gS5X/An4EJARIDK/8Gt3SAlrfc87131t0LEikMuu6XMzE5NT0zOzdfWFhcWl4prq7VTZxqDjUey1hfBsyAFApqKFDCZaKBRYGEi6B70tcvbkEbEatz7CXQjFhbiVBwhrbVKu6G2/c7h0YoW6hPfYQ7HPyatTWAyjNfwQ1N+ipcZTe25nmrWHLL7gB0nHhDUiJDVFvFD/865mkECrlkxjQ8N8FmxjQKLiEv+KmBhPEua0PDUsUiMM1ssEZOt8JYU+wAHbx/ezMWGdOLAuuJGHbMqNZv/qc1UgwPmplQSYqguLVYLUwlxZj2M6LXQgNH2bOEcS3slpR3mGYcbZIFe743euw4qVfK3m65crZXOjoeBjFHNsgm2SYe2SdH5JRUSY1w8kieyRt5dx6cJ+fFef2xTjjDmXXyB87nNy2CnrQ=</latexit>

0 π
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• Projectable maps under the exponential:

2. PROJECTABLE maps
☞ Keen [1988]
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• Diagram of semi-conjugation:

Nf (z + 2⇡i) = Nf (z) + 2⇡im, m 2 Z
<latexit sha1_base64="lgBcMpq8MCTmfywD+BN0CND6kJo=">AAACGXicbVDLTsJAFJ3iC/GFunQzkZhAMKRFo25MiG5cGUzkESkh02EKE2baOjM1wYYv0Z/RlVF2rvwbp7ULBe/q3HPOTe45TsCoVKb5ZWQWFpeWV7KrubX1jc2t/PZOU/qhwKSBfeaLtoMkYdQjDUUVI+1AEMQdRlrO6DLWWw9ESOp7t2ockC5HA4+6FCOlqV7+5LrnFh/LVTugkJbgOUz2UrkKEwbyQ2jfh6gPuU09myM1dJzobtLLF8yKmQycB1YKCiCdei8/tfs+DjnxFGZIyo5lBqobIaEoZmSSs0NJAoRHaEA6GnqIE9mNknwTeOD6Aqohgcn+2xshLuWYO9oT/yZntZj8T+uEyj3rRtQLQkU8rC1ac0MGlQ/jmmCfCoIVG2uAsKD6S4iHSCCsdJk5Hd+aDTsPmtWKdVSp3hwXahdpEVmwB/ZBEVjgFNTAFaiDBsDgGbyCDzA1nowX4814/7FmjPRmF/wZ4/MbyLWdqw==</latexit>

C
<latexit sha1_base64="d9lA8/xPTbOc5yZhpzIT7jo8fiU=">AAAB63icbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELh4xkUeEDZkdGpgws7uZmTUhG75CT0a9+Tf+gH/jLO5BwTpVd1UnVR3Egmvjul9OYW19Y3OruF3a2d3bPygfHrV1lCiGLRaJSHUDqlHwEFuGG4HdWCGVgcBOMG1keucRleZReG9mMfqSjkM+4owau3roS2omQZA25oNyxa26C5BV4uWkAjmag/JnfxixRGJomKBa9zw3Nn5KleFM4LzUTzTGlE3pGHuWhlSi9tNF4jk5G0WKmAmSxfzbm1Kp9UwG1pNl08tatvxP6yVmdO2nPIwTgyGzFquNEkFMRLLiZMgVMiNmllCmuE1J2IQqyox9T8nW95bLrpJ2repdVGt3l5X6Tf6IIpzAKZyDB1dQh1toQgsYhPAMb/DuSOfJeXFef6wFJ785hj9wPr4Bh16OfA==</latexit>

C⇤
<latexit sha1_base64="gmYY0wyTzSNSiFzitjACTiuoxLs=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAjioiRV0GWxG5cV7AOaWCbTm3boJBNmJkIJ/QxdibrzZ/wB/8ZJzUJbz+rce86Fc26QcKa043xZK6tr6xubpa3y9s7u3n7l4LCjRCoptqngQvYCopCzGNuaaY69RCKJAo7dYNLM9e4jSsVEfK+nCfoRGcUsZJRos/K8iOhxEGTN2cP5oFJ1as4c9jJxC1KFAq1B5dMbCppGGGvKiVJ910m0nxGpGeU4K3upwoTQCRlh39CYRKj8bJ55Zp+GQtp6jPZ8/u3NSKTUNAqMJ0+nFrV8+Z/WT3V47WcsTlKNMTUWo4Upt7Ww8+r2kEmkmk8NIVQyk9KmYyIJ1eZBZVPfXSy7TDr1mntRq99dVhs3xSNKcAwncAYuXEEDbqEFbaCQwDO8wbslrCfrxXr9sa5Yxc0R/IH18Q2kp48Y</latexit>

C
<latexit sha1_base64="d9lA8/xPTbOc5yZhpzIT7jo8fiU=">AAAB63icbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELh4xkUeEDZkdGpgws7uZmTUhG75CT0a9+Tf+gH/jLO5BwTpVd1UnVR3Egmvjul9OYW19Y3OruF3a2d3bPygfHrV1lCiGLRaJSHUDqlHwEFuGG4HdWCGVgcBOMG1keucRleZReG9mMfqSjkM+4owau3roS2omQZA25oNyxa26C5BV4uWkAjmag/JnfxixRGJomKBa9zw3Nn5KleFM4LzUTzTGlE3pGHuWhlSi9tNF4jk5G0WKmAmSxfzbm1Kp9UwG1pNl08tatvxP6yVmdO2nPIwTgyGzFquNEkFMRLLiZMgVMiNmllCmuE1J2IQqyox9T8nW95bLrpJ2repdVGt3l5X6Tf6IIpzAKZyDB1dQh1toQgsYhPAMb/DuSOfJeXFef6wFJ785hj9wPr4Bh16OfA==</latexit>

C⇤
<latexit sha1_base64="gmYY0wyTzSNSiFzitjACTiuoxLs=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAjioiRV0GWxG5cV7AOaWCbTm3boJBNmJkIJ/QxdibrzZ/wB/8ZJzUJbz+rce86Fc26QcKa043xZK6tr6xubpa3y9s7u3n7l4LCjRCoptqngQvYCopCzGNuaaY69RCKJAo7dYNLM9e4jSsVEfK+nCfoRGcUsZJRos/K8iOhxEGTN2cP5oFJ1as4c9jJxC1KFAq1B5dMbCppGGGvKiVJ910m0nxGpGeU4K3upwoTQCRlh39CYRKj8bJ55Zp+GQtp6jPZ8/u3NSKTUNAqMJ0+nFrV8+Z/WT3V47WcsTlKNMTUWo4Upt7Ww8+r2kEmkmk8NIVQyk9KmYyIJ1eZBZVPfXSy7TDr1mntRq99dVhs3xSNKcAwncAYuXEEDbqEFbaCQwDO8wbslrCfrxXr9sa5Yxc0R/IH18Q2kp48Y</latexit>

Π Π(z) = exp(z)

Nf

g

g(ez) = eNf (z)
<latexit sha1_base64="upnheCxxW4oA2UM1aKEuLQEQt2E=">AAAB9nicbZDLTsJAFIanXhFvVZZuJhIT2JAWTXRjQnTjymAilwQKmQ6nMGF6yczUWBpeRVdG3fkgvoBv44BdKPivvjn/P8k5vxtxJpVlfRkrq2vrG5u5rfz2zu7evnlw2JRhLCg0aMhD0XaJBM4CaCimOLQjAcR3ObTc8fXMbz2AkCwM7lUSgeOTYcA8RonSo75ZGJagNynjSwy99LbvlSblad8sWhVrLrwMdgZFlKneNz+7g5DGPgSKciJlx7Yi5aREKEY5TPPdWEJE6JgMoaMxID5IJ50vP8UnXiiwGgGev39nU+JLmfiuzvhEjeSiNxv+53Vi5V04KQuiWEFAdUR7XsyxCvGsAzxgAqjiiQZCBdNbYjoiglClm8rr8+3FY5ehWa3Yp5Xq3VmxdpUVkUNH6BiVkI3OUQ3doDpqIIoS9Ize0LvxaDwZL8brT3TFyP4U0B8ZH99zaJEN</latexit>

• Interesting class of Newton maps:
Nf (z) = z �M(ez), M(w) =

aw + b

cw + d
<latexit sha1_base64="kqkBGBR/G0EmII7wxV1p5N6Mb6w="></latexit>

If  & : 

If : 

If :

a ≠ 0 b ≠ 0

a = 0

b = 0

f(z) = ke
d
b ze

c
b e

z

<latexit sha1_base64="ZjIC67yjYIZGBSzEY+lk5e5li3w=">AAACD3icbVBLSwMxGMz6rPW16tFLsAgVpOxWQS9C0YvHCvYBfZFNv21Dsw+SrNAu+yP0z+hJ1JvgH/DfmK0LauucJjMT+GackDOpLOvTWFhcWl5Zza3l1zc2t7bNnd26DCJBoUYDHoimQyRw5kNNMcWhGQognsOh4YyuUr9xB0KywL9V4xA6Hhn4zGWUKC31zGO3ODnCF3iEoRu3XUFo3E9iJ5kkPwJNBehOkp5ZsErWFHie2BkpoAzVnvnR7gc08sBXlBMpW7YVqk5MhGKUQ5JvRxJCQkdkAC1NfeKB7MTTVgk+dAOB1RDw9P07GxNPyrHn6IxH1FDOeqn4n9eKlHveiZkfRgp8qiPacyOOVYDTcXCfCaCKjzUhVDB9JaZDojdQesK8rm/Plp0n9XLJPimVb04LlctsiBzaRweoiGx0hiroGlVRDVH0gJ7QK3oz7o1H49l4+Y4uGNmfPfQHxvsXW66c3Q==</latexit>

f(z) = ke
d
b ze�

d
a e�z

<latexit sha1_base64="zGurDt5O7yNoJJwID5LX7OFJU5o=">AAACE3icbVBLSwMxGMzWV62vVY9egkWoB8tuFfQiFL14rGAf0NaSTb9tQ7MPkqzQLvsz9M/oSdST/gD/jdm6iLbOab6ZCWTGCTmTyrI+jdzC4tLySn61sLa+sbllbu80ZBAJCnUa8EC0HCKBMx/qiikOrVAA8RwOTWd0mfrNOxCSBf6NGofQ9cjAZy6jRGmpZ1puaXKIz/EIw23ccQWhcT+JnWSSpMLRj0KS9JwkSc8sWmVrCjxP7IwUUYZaz3zv9AMaeeAryomUbdsKVTcmQjHKISl0IgkhoSMygLamPvFAduNpswQfuIHAagh4ev/OxsSTcuw5OuMRNZSzXir+57Uj5Z51Y+aHkQKf6oj23IhjFeB0INxnAqjiY00IFUz/EtMh0TMoPWNB17dny86TRqVsH5cr1yfF6kU2RB7toX1UQjY6RVV0hWqojih6QE/oFb0Z98aj8Wy8fEdzRvZmF/2B8fEFKl6eVw==</latexit>

,       Möbius mapM(w) =
aw + b
cw + d

z
z + 2πi

ez

Nf (z)

Nf (z + 2πi)

g(ez)

f(z) = ke
d
b z (aez + b)

bc�ad
ab

<latexit sha1_base64="hifFYFkIeFdClze4laKvontUJ98="></latexit>

Nf (z + P ) = Nf (z) +mP (semi-period P 2 C)
<latexit sha1_base64="XAytLR5S7IQ2pJ56QtSE7Tjm6SE="></latexit>

( Semi-period  )P ∈ ℂ*

Π(z) = exp ( 2πi
P

z)
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• Meromorphic functions outside a compact and countable set , which is the 
closure of isolated essential singularities.  

E( f )

3. CLASS K (mero. outside a small set)
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• Fatou set: F (f) = {z 2 Ĉ : {fn} is defined & normal in some nbd. of z}
<latexit sha1_base64="ekP6U+wZy1IPY1S+CwAxjkvuuiQ="></latexit>

• Julia set: J(f) = Ĉ� F (f)
<latexit sha1_base64="CuSYLIj/Bf1AdYF/YddC8dzoXos=">AAAB/3icbVBLSwMxGMzWV62vVY96CBahHiy7VdCLUCyIeKpgH9BdSjbNtqHZB8m3Qln2oH9GT6Le/A/+Af+Nae1BW+c0mZnAN+PFgiuwrC8jt7C4tLySXy2srW9sbpnbO00VJZKyBo1EJNseUUzwkDWAg2DtWDISeIK1vGFt7LfumVQ8Cu9gFDM3IP2Q+5wS0FLX3L8p+Uf4AjsDAqkTEBh4XlrLsuMrrXfNolW2JsDzxJ6SIpqi3jU/nV5Ek4CFQAVRqmNbMbgpkcCpYFnBSRSLCR2SPutoGpKAKTedtMjwoR9JDAOGJ+/f2ZQESo0CT2fGF6pZbyz+53US8M/dlIdxAiykOqI9PxEYIjweA/e4ZBTESBNCJddXYjogklDQkxV0fXu27DxpVsr2Sblye1qsXk6HyKM9dIBKyEZnqIquUR01EEWP6Bm9oXfjwXgyXozXn2jOmP7ZRX9gfHwDzASUmg==</latexit>

Periodic Fatou component                                                   : Attracting basin (attracting p.), 
Parabolic basin (parabolic p.), Siegel disk (irrational neutral p.), Herman ring, Baker domain.

Wandering domain 

E(f � g) = E(g) [ g�1(E(f)) ⇢ J(f � g)
<latexit sha1_base64="rg6k4X+Fl4d2ffKLZDqt6TCkrO0=">AAACG3icbVBLSwMxGMz6rPW16tFLsAjtwbJbBXsRilIQTxXsA7pryabftqHZB0lWKEt/iv4ZPUn15sF/Y1oLautcMpmZQGa8mDOpLOvTWFpeWV1bz2xkN7e2d3bNvf2GjBJBoU4jHomWRyRwFkJdMcWhFQsggceh6Q2uJn7zAYRkUXinhjG4AemFzGeUKC11zHI17zuUCYp7BXyBq3l9ODSJce8+PbFHeW0XtCITT4LCNz/hjpmzitYUeJHYM5JDM9Q65tjpRjQJIFSUEynbthUrNyVCMcphlHUSCTGhA9KDtqYhCUC66bThCB/7kcCqD3h6/51NSSDlMPB0JiCqL+e9ifif106UX3ZTFsaJgpDqiPb8hGMV4clQuMsEUMWHmhAqmP4lpn0iCFV6zqyub8+XXSSNUtE+LZZuz3KVy9kQGXSIjlAe2egcVdA1qqE6ougJvaA39G48Gs/GqzH+ji4ZszcH6A+Mjy+/8J1x</latexit>

If                                           has at least 3 points    ⟹J1(f) =
1[

n=0

f�n (E(f))
<latexit sha1_base64="mohrRmCmdWWiGTJ6K6Yloy29VXg=">AAACIXicbVBLS8NAGNz4tr6qHr0sFqEeLEkV9KKIIognBatCU8Nm/dIubjZh94tQQn6N/hnFg6gX8c+4rRV8zWl2Zha+mTCVwqDrvjlDwyOjY+MTk6Wp6ZnZufL8wplJMs2hwROZ6IuQGZBCQQMFSrhINbA4lHAeXu/3/PMb0EYk6hS7KbRi1lYiEpyhlYLyzlGQ+0JF2C2q0Srdpn4o2jxLL7/UIFfbbkGjy3xNFb6ECKsHNulr0e7galCuuDW3D/qXeANSIQMcB+VH/yrhWQwKuWTGND03xVbONAouoSj5mYGU8WvWhqalisVgWnm/Z0FXokRT7ADtv79ncxYb041Dm4kZdsxvryf+5zUzjLZauVBphqC4jVgvyiTFhPbmoldCA0fZtYRxLeyVlHeYZhztqCVb3/td9i85q9e89Vr9ZKOyuzcYYoIskWVSJR7ZJLvkkByTBuHkjjyQF/Lq3Dr3zpPz/BkdcgZ/FskPOO8fz+mjNA==</latexit>

J(f) = J1(f)
<latexit sha1_base64="LvaF5mDQMcvi6iSPreSR+BBIPC0=">AAACAHicbVBNS8MwAE3n15xfVY8iBIcwL6Odgl6EoRfZaYL7gLWUNEu3sLQpSSqUsov+GT2JevM3+Af8N6azB918p5f3XkLe82NGpbKsL6O0tLyyulZer2xsbm3vmLt7XckTgUkHc8ZF30eSMBqRjqKKkX4sCAp9Rnr+5Dr3e/dESMqjO5XGxA3RKKIBxUhpyTMPW7XgBF5Ch+tU/kjW8hwaBSrV+tQzq1bdmgEuErsgVVCg7ZmfzpDjJCSRwgxJObCtWLkZEopiRqYVJ5EkRniCRmSgaYRCIt1sVmMKjwMuoBoTODv/zmYolDINfZ0JkRrLeS8X//MGiQou3IxGcaJIhHVEe0HCoOIwXwMOqSBYsVQThAXVv4R4jATCSm9W0fXt+bKLpNuo26f1xu1ZtXlVDFEGB+AI1IANzkET3IA26AAMHsEzeAPvxoPxZLwYrz/RklHc2Qd/YHx8A0gVlYI=</latexit>

• Class K is a closed system under iteration!

☞ Bolsch [1996]
☞ Baker, Domínguez, Herring [2001]

• (Essential) Poles & Prepoles (order ):m ∈ ℕ*

• Singular values: • Critical values:
• Asymptotic values:S( f ) = sing( f −1)

f(c) 2 Ĉ s.t f 0(c) = 0 with c 2 Ĉ�E(f)
<latexit sha1_base64="9L4LP+gEV8P518r0+pkQBkXPKnw="></latexit>

q 2 Ĉ�E(f) s.t fm(q) = b 2 E(f)
<latexit sha1_base64="4L/A8o/0jOtn7Rq12V8ZbcSoAJs="></latexit>

a 2 Ĉ� E(f) s.t f(�(t)) �!
t!1

a for some path �(t) �!
t!1

b 2 E(f)
<latexit sha1_base64="6ticn7rg4AlYelCyNQT4nlOSK0M="></latexit>

a 2 Ĉ� E(f) s.t f(�(t)) �!
t!1

a for some path �(t) �!
t!1

b 2 E(f)
<latexit sha1_base64="6ticn7rg4AlYelCyNQT4nlOSK0M="></latexit>

( fp(U) ✓ U for some p 2 N )
<latexit sha1_base64="K34GqaNWCp0x5KQCEZcTuzJ0Ke8="></latexit>

( fn(U) \ fm(U) = ; for all m > n � 0 )
<latexit sha1_base64="tTOqTqASEZ1B4fCPdmwQX7IuZlk="></latexit>
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☞ Bergweiler [1996]
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Theorem [Zheng, 2005]: 

Let f(z) and g(z) both be in class K with either 1 2 E(f) or f(1) 6= 1.
<latexit sha1_base64="qjqR2CgwxPM3I+pjlD/P/eE+j/I="></latexit>

If exp(f(z)) = g(ez), then:
<latexit sha1_base64="iKa9cIaXozPgSighidGbU7uV29w=">AAACAHicbVDLSgMxFM34rPU16lKEYCu0IGWmLhRBKLrRXQX7gLaWTHqnDc08SDJiO3SjP6MrUXd+gz/g35ipXWjrWZ17z7kk5zghZ1JZ1pcxN7+wuLScWkmvrq1vbJpb21UZRIJChQY8EHWHSODMh4piikM9FEA8h0PN6V8keu0OhGSBf6MGIbQ80vWZyyhRetU2965cnG3CfZhzc8N8/qybg9thPnuIVQ/807aZsQrWGHiW2BOSQROU2+ZnsxPQyANfUU6kbNhWqFoxEYpRDqN0M5IQEtonXWho6hMPZCsexxjhAzcQybt4PP/2xsSTcuA52uMR1ZPTWrL8T2tEyj1pxcwPIwU+1RatuRHHKsBJG7jDBFDFB5oQKpj+JaY9IghVurO0jm9Ph50l1WLBPioUr4uZ0vmkiBTaRfsoh2x0jEroEpVRBVH0iJ7RG3o3Hown48V4/bHOGZObHfQHxsc3Ei6UDQ==</latexit>

exp�1(J(g)) = J(f)
<latexit sha1_base64="n/UtMzzk4EhtIhBw1rwVl0p+3L8=">AAAB+3icbVDLTgJBEJzFF+IL9WLiZSKYLAfJLh70YkL0YjhhIo8EVjI79MKE2UdmZo1ks/6Mnox68y/8Af/GATkoWKfqruqkq9yIM6ks68vILC2vrK5l13Mbm1vbO/ndvaYMY0GhQUMeirZLJHAWQEMxxaEdCSC+y6Hljq4meusehGRhcKvGETg+GQTMY5QoverlD4pdeIjukhM7NWvmoFTCF7hmeqViL1+wytYUeJHYM1JAM9R7+c9uP6SxD4GinEjZsa1IOQkRilEOaa4bS4gIHZEBdDQNiA/SSaYJUnzshQKrIeDp/NubEF/Kse9qj0/UUM5rk+V/WidW3rmTsCCKFQRUW7TmxRyrEE+KwH0mgCo+1oRQwfSXmA6JIFTpunI6vj0fdpE0K2X7tFy5qRSql7MisugQHSET2egMVdE1qqMGougRPaM39G6kxpPxYrz+WDPG7GYf/YHx8Q3rj5Go</latexit>

exp�1(F (g)) = F (f).
<latexit sha1_base64="8DtheA6TFPk1Xz6+/R7zDZssXXI=">AAAB/HicbVDLTgJBEJz1ifha9WS8TAQTOEh28aAXE6IJ8YiJPBJYyezQCxNmH5mZNZIN+jN6MurNr/AH/BsH3IOCdaruqk66yo04k8qyvoyFxaXlldXMWnZ9Y3Nr29zZbcgwFhTqNOShaLlEAmcB1BVTHFqRAOK7HJru8HKiN+9ASBYGN2oUgeOTfsA8RonSq665n+/AfXSbHNvjQrXQLxbxOa4WvGK+1DVzVsmaAs8TOyU5lKLWNT87vZDGPgSKciJl27Yi5SREKEY5jLOdWEJE6JD0oa1pQHyQTjKNMMZHXiiwGgCezr+9CfGlHPmu9vhEDeSsNln+p7Vj5Z05CQuiWEFAtUVrXsyxCvGkCdxjAqjiI00IFUx/iemACEKV7iur49uzYedJo1yyT0rl63KucpEWkUEH6BAVkI1OUQVdoRqqI4oe0TN6Q+/Gg/FkvBivP9YFI73ZQ39gfHwDT6uR2A==</latexit>

☞ Zheng [2005]

Theorem [Bergweiler, 1995]: 

Let f be entire, g an analytic self-map of C⇤ and suppose exp (f(z)) = g(ez).
<latexit sha1_base64="xncd7ZV/jirtXSMe5SUfwpAvi7c="></latexit>

If f is not linear or constant, then:
<latexit sha1_base64="P7QFqdqnIlGYIMe/n07pgigdgdE=">AAACCnicbVC7TsMwFHXKq5RXgJHFokUwoCopA4ipggW2ItGH1FaV4zqtVceO7BukquofwM/AhICNkR/gb3BKBiic6fieY/ueE8SCG/C8Tye3sLi0vJJfLaytb2xuuds7DaMSTVmdKqF0KyCGCS5ZHTgI1oo1I1EgWDMYXaZ6845pw5W8hXHMuhEZSB5ySsCOeu7hdYhLYQlzg6UCnD5DNFYaUyUNEAnHGIZMnvfcolf2ZsB/iZ+RIspQ67kfnb6iScQkUEGMafteDN0J0cCpYNNCJzEsJnREBqxtqSQRM93JLNAUH4R2A/svnp1/eickMmYcBdYTERiaeS0d/qe1EwjPuhMu4wSYpNZitTARGBROe8F9rhkFMbaEUM3tlpgOiSYUbHsFG9+fD/uXNCpl/6RcuakUqxdZEXm0h/bREfLRKaqiK1RDdUTRA3pCr+jNuXcenWfn5duac7I7u+gXnPcv3t6ZDQ==</latexit>

exp�1(J(g)) = J(f)
<latexit sha1_base64="n/UtMzzk4EhtIhBw1rwVl0p+3L8=">AAAB+3icbVDLTgJBEJzFF+IL9WLiZSKYLAfJLh70YkL0YjhhIo8EVjI79MKE2UdmZo1ks/6Mnox68y/8Af/GATkoWKfqruqkq9yIM6ks68vILC2vrK5l13Mbm1vbO/ndvaYMY0GhQUMeirZLJHAWQEMxxaEdCSC+y6Hljq4meusehGRhcKvGETg+GQTMY5QoverlD4pdeIjukhM7NWvmoFTCF7hmeqViL1+wytYUeJHYM1JAM9R7+c9uP6SxD4GinEjZsa1IOQkRilEOaa4bS4gIHZEBdDQNiA/SSaYJUnzshQKrIeDp/NubEF/Kse9qj0/UUM5rk+V/WidW3rmTsCCKFQRUW7TmxRyrEE+KwH0mgCo+1oRQwfSXmA6JIFTpunI6vj0fdpE0K2X7tFy5qRSql7MisugQHSET2egMVdE1qqMGougRPaM39G6kxpPxYrz+WDPG7GYf/YHx8Q3rj5Go</latexit>

exp�1(F (g)) = F (f).
<latexit sha1_base64="8DtheA6TFPk1Xz6+/R7zDZssXXI=">AAAB/HicbVDLTgJBEJz1ifha9WS8TAQTOEh28aAXE6IJ8YiJPBJYyezQCxNmH5mZNZIN+jN6MurNr/AH/BsH3IOCdaruqk66yo04k8qyvoyFxaXlldXMWnZ9Y3Nr29zZbcgwFhTqNOShaLlEAmcB1BVTHFqRAOK7HJru8HKiN+9ASBYGN2oUgeOTfsA8RonSq665n+/AfXSbHNvjQrXQLxbxOa4WvGK+1DVzVsmaAs8TOyU5lKLWNT87vZDGPgSKciJl27Yi5SREKEY5jLOdWEJE6JD0oa1pQHyQTjKNMMZHXiiwGgCezr+9CfGlHPmu9vhEDeSsNln+p7Vj5Z05CQuiWEFAtUVrXsyxCvGkCdxjAqjiI00IFUx/iemACEKV7iur49uzYedJo1yyT0rl63KucpEWkUEH6BAVkI1OUQVdoRqqI4oe0TN6Q+/Gg/FkvBivP9YFI73ZQ39gfHwDT6uR2A==</latexit>

C
<latexit sha1_base64="d9lA8/xPTbOc5yZhpzIT7jo8fiU=">AAAB63icbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELh4xkUeEDZkdGpgws7uZmTUhG75CT0a9+Tf+gH/jLO5BwTpVd1UnVR3Egmvjul9OYW19Y3OruF3a2d3bPygfHrV1lCiGLRaJSHUDqlHwEFuGG4HdWCGVgcBOMG1keucRleZReG9mMfqSjkM+4owau3roS2omQZA25oNyxa26C5BV4uWkAjmag/JnfxixRGJomKBa9zw3Nn5KleFM4LzUTzTGlE3pGHuWhlSi9tNF4jk5G0WKmAmSxfzbm1Kp9UwG1pNl08tatvxP6yVmdO2nPIwTgyGzFquNEkFMRLLiZMgVMiNmllCmuE1J2IQqyox9T8nW95bLrpJ2repdVGt3l5X6Tf6IIpzAKZyDB1dQh1toQgsYhPAMb/DuSOfJeXFef6wFJ785hj9wPr4Bh16OfA==</latexit>

C⇤
<latexit sha1_base64="gmYY0wyTzSNSiFzitjACTiuoxLs=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAjioiRV0GWxG5cV7AOaWCbTm3boJBNmJkIJ/QxdibrzZ/wB/8ZJzUJbz+rce86Fc26QcKa043xZK6tr6xubpa3y9s7u3n7l4LCjRCoptqngQvYCopCzGNuaaY69RCKJAo7dYNLM9e4jSsVEfK+nCfoRGcUsZJRos/K8iOhxEGTN2cP5oFJ1as4c9jJxC1KFAq1B5dMbCppGGGvKiVJ910m0nxGpGeU4K3upwoTQCRlh39CYRKj8bJ55Zp+GQtp6jPZ8/u3NSKTUNAqMJ0+nFrV8+Z/WT3V47WcsTlKNMTUWo4Upt7Ww8+r2kEmkmk8NIVQyk9KmYyIJ1eZBZVPfXSy7TDr1mntRq99dVhs3xSNKcAwncAYuXEEDbqEFbaCQwDO8wbslrCfrxXr9sa5Yxc0R/IH18Q2kp48Y</latexit>

C
<latexit sha1_base64="d9lA8/xPTbOc5yZhpzIT7jo8fiU=">AAAB63icbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELh4xkUeEDZkdGpgws7uZmTUhG75CT0a9+Tf+gH/jLO5BwTpVd1UnVR3Egmvjul9OYW19Y3OruF3a2d3bPygfHrV1lCiGLRaJSHUDqlHwEFuGG4HdWCGVgcBOMG1keucRleZReG9mMfqSjkM+4owau3roS2omQZA25oNyxa26C5BV4uWkAjmag/JnfxixRGJomKBa9zw3Nn5KleFM4LzUTzTGlE3pGHuWhlSi9tNF4jk5G0WKmAmSxfzbm1Kp9UwG1pNl08tatvxP6yVmdO2nPIwTgyGzFquNEkFMRLLiZMgVMiNmllCmuE1J2IQqyox9T8nW95bLrpJ2repdVGt3l5X6Tf6IIpzAKZyDB1dQh1toQgsYhPAMb/DuSOfJeXFef6wFJ785hj9wPr4Bh16OfA==</latexit>

C⇤
<latexit sha1_base64="gmYY0wyTzSNSiFzitjACTiuoxLs=">AAAB7XicbVDLSsNAFL3xWeur6tJNsAjioiRV0GWxG5cV7AOaWCbTm3boJBNmJkIJ/QxdibrzZ/wB/8ZJzUJbz+rce86Fc26QcKa043xZK6tr6xubpa3y9s7u3n7l4LCjRCoptqngQvYCopCzGNuaaY69RCKJAo7dYNLM9e4jSsVEfK+nCfoRGcUsZJRos/K8iOhxEGTN2cP5oFJ1as4c9jJxC1KFAq1B5dMbCppGGGvKiVJ910m0nxGpGeU4K3upwoTQCRlh39CYRKj8bJ55Zp+GQtp6jPZ8/u3NSKTUNAqMJ0+nFrV8+Z/WT3V47WcsTlKNMTUWo4Upt7Ww8+r2kEmkmk8NIVQyk9KmYyIJ1eZBZVPfXSy7TDr1mntRq99dVhs3xSNKcAwncAYuXEEDbqEFbaCQwDO8wbslrCfrxXr9sa5Yxc0R/IH18Q2kp48Y</latexit>

Π Π(z) = exp(z)

f

g

gn(ez) = ef
n(z)

<latexit sha1_base64="VSjUj+9n75II2qK4OtmngBnLozg=">AAAB+HicbVDLTsJAFJ3iC/FVNa7cTCQmsCEtmujGhOjGJSYCJlDIdLiFCdNpMzM1gYZ/0ZVRd36HP+DfOGAXCp7Vufecm5x7/JgzpR3ny8qtrK6tb+Q3C1vbO7t79v5BU0WJpNCgEY/kg08UcCagoZnm8BBLIKHPoeWPbmZ66xGkYpG41+MYvJAMBAsYJdqsevbRoCtK0J2U8RWGbhqYaVKe9uyiU3HmwMvEzUgRZaj37M9OP6JJCEJTTpRqu06svZRIzSiHaaGTKIgJHZEBtA0VJATlpfP4U3waRBLrIeD5/NubklCpcegbT0j0UC1qs+V/WjvRwaWXMhEnGgQ1FqMFCcc6wrMWcJ9JoJqPDSFUMpMS0yGRhGrTVcG87y4+u0ya1Yp7VqnenRdr11kReXSMTlAJuegC1dAtqqMGoihFz+gNvVsT68l6sV5/rDkruzlEf2B9fAMso5IM</latexit>

exp−1(V ) = {z : ez ∈ V}



R. Florido-Llinàs

PhD (UB)

• Newton’s map of  :f(z) = ez(1 + ez)

5. EXPLORATION of a simple Newton map (I)

7

Nf (z) = z � 1 + ez

1 + 2ez
<latexit sha1_base64="KWCs4ZGjbk1BoWaMfgMLTcZqr3Y=">AAACBHicbVDLSgMxFM3UV62vUZduokWoiGWmCroRim5cSQX7gLaWTHqnDc08SDJCO3SrP6MrUXd+gT/g35ips9DWs7kn95wLOccJOZPKsr6MzNz8wuJSdjm3srq2vmFubtVkEAkKVRrwQDQcIoEzH6qKKQ6NUADxHA51Z3CZ6PV7EJIF/q0ahtD2SM9nLqNE6VXH3L3uuIXRAT7HI3yEW64gNLYP4W401qOUzI6Zt4rWBHiW2CnJoxSVjvnZ6gY08sBXlBMpm7YVqnZMhGKUwzjXiiSEhA5ID5qa+sQD2Y4nUcZ43w0EVn3Ak/dvb0w8KYeeoz0eUX05rSXL/7RmpNyzdsz8MFLgU23RmhtxrAKcNIK7TABVfKgJoYLpX2LaJ7oIpXvL6fj2dNhZUisV7eNi6eYkX75Ii8iiHbSHCshGp6iMrlAFVRFFj+gZvaF348F4Ml6M1x9rxkhvttEfGB/foEmWHA==</latexit>

• Fixed points: ,     (superattracting, deg. 2)c*k = πi + 2πik k ∈ ℤ

• Poles: ,   qk = (−ln 2 + πi) + 2πik e−qk = −
1
2

• Basins of attraction: Uk

q0

Invariant horizontal lines: 

•  

•

rk(t) = t + i(2k + 1)π

sk(t) = t + i2kπ

Special vertical line: 

•   ———>   l(t) = − ln 2 + it Nf (l(t)) = −
3
4

+ l(t)

• Baker domain: U

0

c*0



R. Florido-Llinàs

PhD (UB)5. EXPLORATION of a simple Newton map (II)

8

Nf (z) = z � 1 + ez

1 + 2ez
<latexit sha1_base64="KWCs4ZGjbk1BoWaMfgMLTcZqr3Y=">AAACBHicbVDLSgMxFM3UV62vUZduokWoiGWmCroRim5cSQX7gLaWTHqnDc08SDJCO3SrP6MrUXd+gT/g35ips9DWs7kn95wLOccJOZPKsr6MzNz8wuJSdjm3srq2vmFubtVkEAkKVRrwQDQcIoEzH6qKKQ6NUADxHA51Z3CZ6PV7EJIF/q0ahtD2SM9nLqNE6VXH3L3uuIXRAT7HI3yEW64gNLYP4W401qOUzI6Zt4rWBHiW2CnJoxSVjvnZ6gY08sBXlBMpm7YVqnZMhGKUwzjXiiSEhA5ID5qa+sQD2Y4nUcZ43w0EVn3Ak/dvb0w8KYeeoz0eUX05rSXL/7RmpNyzdsz8MFLgU23RmhtxrAKcNIK7TABVfKgJoYLpX2LaJ7oIpXvL6fj2dNhZUisV7eNi6eYkX75Ii8iiHbSHCshGp6iMrlAFVRFFj+gZvaF348F4Ml6M1x9rxkhvttEfGB/foEmWHA==</latexit>

g(e−z) = exp (−Nf (z)) = exp (z −
1 + ez

1 + 2ez ) = e−z exp ( e−z + 1
e−z + 2 )

Nf

g

w = Π(z) = exp(−z)

g(w) = w exp

✓
w + 1

w + 2

◆

<latexit sha1_base64="1R7IGTBcEAebdzW1wwFSicHWQYY=">AAACDnicbVDLSgNBEJz1bXytevQyGIRIIOxGQS+C6MVjBPOAbAizY28yZPbBTK8xLPkH/Rk9iXrz4A/4N05iDppYh6a6qwamyk+k0Og4X9bc/MLi0vLKam5tfWNzy97eqek4VRyqPJaxavhMgxQRVFGghEaigIW+hLrfuxzp9TtQWsTRDQ4SaIWsE4lAcIbm1LaLnUL/kJ7RPvXgPvEkBFigXqAYz/pFd2hGeUg9JTpdPGzbeafkjEFniTsheTJBpW1/ercxT0OIkEumddN1EmxlTKHgEoY5L9WQMN5jHWgaGrEQdCsbhxrSgyBWFLtAx/tvb8ZCrQehbzwhw66e1kbH/7RmisFpKxNRkiJE3FiMFqSSYkxH3dBboYCjHBjCuBLml5R3mekCTYM5E9+dDjtLauWSe1QqXx/nzy8mRayQPbJPCsQlJ+ScXJEKqRJOHskzeSPv1oP1ZL1Yrz/WOWvyZpf8gfXxDZU9mn8=</latexit>

P = 2πi

    Cylinder:    ℂ/(2πiℤ)



R. Florido-Llinàs

PhD (UB)5. EXPLORATION of a simple Newton map (III)

9

g-NEWTON-C

g-NEWTON-C

−ln 2 + πi = q0

0

c*0

−2 −1

Nf (z) = z � 1 + ez

1 + 2ez
<latexit sha1_base64="KWCs4ZGjbk1BoWaMfgMLTcZqr3Y=">AAACBHicbVDLSgMxFM3UV62vUZduokWoiGWmCroRim5cSQX7gLaWTHqnDc08SDJCO3SrP6MrUXd+gT/g35ips9DWs7kn95wLOccJOZPKsr6MzNz8wuJSdjm3srq2vmFubtVkEAkKVRrwQDQcIoEzH6qKKQ6NUADxHA51Z3CZ6PV7EJIF/q0ahtD2SM9nLqNE6VXH3L3uuIXRAT7HI3yEW64gNLYP4W401qOUzI6Zt4rWBHiW2CnJoxSVjvnZ6gY08sBXlBMpm7YVqnZMhGKUwzjXiiSEhA5ID5qa+sQD2Y4nUcZ43w0EVn3Ak/dvb0w8KYeeoz0eUX05rSXL/7RmpNyzdsz8MFLgU23RmhtxrAKcNIK7TABVfKgJoYLpX2LaJ7oIpXvL6fj2dNhZUisV7eNi6eYkX75Ii8iiHbSHCshGp6iMrlAFVRFFj+gZvaF348F4Ml6M1x9rxkhvttEfGB/foEmWHA==</latexit>

g(w) = w exp

✓
w + 1

w + 2

◆

<latexit sha1_base64="1R7IGTBcEAebdzW1wwFSicHWQYY=">AAACDnicbVDLSgNBEJz1bXytevQyGIRIIOxGQS+C6MVjBPOAbAizY28yZPbBTK8xLPkH/Rk9iXrz4A/4N05iDppYh6a6qwamyk+k0Og4X9bc/MLi0vLKam5tfWNzy97eqek4VRyqPJaxavhMgxQRVFGghEaigIW+hLrfuxzp9TtQWsTRDQ4SaIWsE4lAcIbm1LaLnUL/kJ7RPvXgPvEkBFigXqAYz/pFd2hGeUg9JTpdPGzbeafkjEFniTsheTJBpW1/ercxT0OIkEumddN1EmxlTKHgEoY5L9WQMN5jHWgaGrEQdCsbhxrSgyBWFLtAx/tvb8ZCrQehbzwhw66e1kbH/7RmisFpKxNRkiJE3FiMFqSSYkxH3dBboYCjHBjCuBLml5R3mekCTYM5E9+dDjtLauWSe1QqXx/nzy8mRayQPbJPCsQlJ+ScXJEKqRJOHskzeSPv1oP1ZL1Yrz/WOWvyZpf8gfXxDZU9mn8=</latexit>

0

• Basins of attraction of  : c*k Uk

• Baker domain: U
w = exp(−z)

• Basins of attraction of : −1 Vk

• Basin of attraction of :  ∞ V



R. Florido-Llinàs

PhD (UB)

• Buff-Rückert’s family — Newton map of    for  :f (z) = exp ( −1
α (z +

1
2π i

e2πiz)) α ∈ (0,∞)

6. Searching possible WANDERING domains

10

Nf (z) = z +
↵

1 + e2⇡iz
<latexit sha1_base64="ST+cv3yrTOs7mMr71Dux3vIG97E=">AAACDXicbVDLSgNBEJyNrxhfqx69DAYhGgi7UdCLEPTiSSKYB2RjmJ30JkNmH8zMCsmy36A/oydRb178Af/GScxBE+tU3VUNXeVGnEllWV9GZmFxaXklu5pbW9/Y3DK3d+oyjAWFGg15KJoukcBZADXFFIdmJID4LoeGO7gc6417EJKFwa0aRtD2SS9gHqNE6VXHPLrueIXRIT7HI1zEjicITRzCoz5JE7sId0nZiRhmeJSmHTNvlawJ8DyxpySPpqh2zE+nG9LYh0BRTqRs2Vak2gkRilEOac6JJUSEDkgPWpoGxAfZTiaZUnzghQKrPuDJ/NubEF/Koe9qj09UX85q4+V/WitW3lk7YUEUKwiotmjNizlWIR5Xg7tMAFV8qAmhgukvMe0T3YjSBeZ0fHs27Dypl0v2cal8c5KvXEyLyKI9tI8KyEanqIKuUBXVEEWP6Bm9oXfjwXgyXozXH2vGmN7soj8wPr4ByFqaEw==</latexit>

Nf (z + 1) = Nf (z) + 1
<latexit sha1_base64="WVrk42l2PLfofjYtxt94ujyYvOQ=">AAAB+XicbZDLSsNAFIYn9VbrLSq4cTNYhJZCSaqgG6HoxpVUsBdoQ5hMT9qhkwszE6HGPoyuRN35Gr6Ab+O0ZqGt/+qb8/8D5/xezJlUlvVl5JaWV1bX8uuFjc2t7R1zd68lo0RQaNKIR6LjEQmchdBUTHHoxAJI4HFoe6Orqd++ByFZFN6pcQxOQAYh8xklSo9c8+DG9UsPFbuML/AMy7iCbeyaRatqzYQXwc6giDI1XPOz149oEkCoKCdSdm0rVk5KhGKUw6TQSyTEhI7IALoaQxKAdNLZ/hN87EcCqyHg2ft3NiWBlOPA05mAqKGc96bD/7xuovxzJ2VhnCgIqY5oz084VhGe1oD7TABVfKyBUMH0lpgOiSBU6bIK+nx7/thFaNWq9km1dntarF9mReTRITpCJWSjM1RH16iBmoiiR/SM3tC7kRpPxovx+hPNGdmfffRHxsc31mWQcQ==</latexit>

w = Π(z) = e2πiz

g(e2⇡iz) = e2⇡iNf (z)
<latexit sha1_base64="VgHRU+YiyyrILCSwLA+4buJZDFY=">AAACBnicbVDLTgJBEOz1ifhCPXqZSEzgQnbRRC8mRC+eDCbySADJ7NALE2YfmZk1gQ13/Rk9GfXmB/gD/o0Dkqhgnaq7qpOuciPBlbbtT2thcWl5ZTW1ll7f2NzazuzsVlUYS4YVFopQ1l2qUPAAK5prgfVIIvVdgTW3fzHWa3coFQ+DGz2IsOXTbsA9zqg2q3Ym283hbVJsRpxwMhzlyRn5ma/aXm6YHxmXXbAnIPPEmZIsTFFuZz6anZDFPgaaCapUw7Ej3Uqo1JwJHKWbscKIsj7tYsPQgPqoWskkzIgceqEkuodkMv/2JtRXauC7xuNT3VOz2nj5n9aItXfaSngQxRoDZixG82JBdEjGnZAOl8i0GBhCmeTmS8J6VFKmTXNpE9+ZDTtPqsWCc1QoXh9nS+fTIlKwDweQAwdOoASXUIYKMHiAJ3iFN+veerSerZdv64I1vdmDP7DevwDqvZbF</latexit>

g(w) = w exp

✓
2⇡i↵

1 + w

◆

<latexit sha1_base64="lSbzmaPpIW4VlccMgbK3IM0b2lE=">AAACFnicbVBNS8NAFNz4bf2qevSyWISKUJIq6EUQvXhUsCo0pWy2L83STbLsvlhL6P/QP6MnUcGDV/+N29qDts5p3pt58GYCJYVB1/1ypqZnZufmFxYLS8srq2vF9Y1rk2aaQ42nMtW3ATMgRQI1FCjhVmlgcSDhJuicDfSbO9BGpMkV9hQ0YtZORCg4Q7tqFvfb5e4uPaZd6sO98iWEWPZDzXhe9ZWggvpMqoj1c2+v2/e1aEe42yyW3Io7BJ0k3oiUyAgXzeKH30p5FkOCXDJj6p6rsJEzjYJL6Bf8zIBivMPaULc0YTGYRj4M16c7YaopRkCH829vzmJjenFgPTHDyIxrg+V/Wj3D8KiRi0RlCAm3FquFmaSY0kFHtCU0cJQ9SxjXwn5JecRsKWibLNj43njYSXJdrXj7lerlQenkdFTEAtki26RMPHJITsg5uSA1wskjeSZv5N15cJ6cF+f1xzrljG42yR84n99M754t</latexit>

: Fixed point,  

: Parabolic fixed point

w = 0 g′ (0) = e2πiα

w = ∞

☞ Barański, Fagella, 
Jarque, Karpińska [2020]

☞ Buff, Rückert [2006]

Theorem [BFJK, 2020]: 
Let f be a topologically hyperbolic meromorphic map,

<latexit sha1_base64="0HQBeqvZtADq+Rpta/g+L88GziM=">AAACGXicbVDLTgIxFO3gC/GFunTTCCYuDJnBRF0S3bhwgYk8EiCkU+4wDe20aTsmhPAl+jO6MsrOlX9jQRYKntW595yb3HNCxZmxvv/lZVZW19Y3spu5re2d3b38/kHdyFRTqFHJpW6GxABnCdQssxyaSgMRIYdGOLiZ6o1H0IbJ5MEOFXQE6ScsYpRYt+rmL+7A4mJUxCFggq1U7qLvVM6HOHZ+HUrOKBagpZBaxVNO1Fk3X/BL/gx4mQRzUkBzVLv5SbsnaSogsZQTY1qBr2xnRLRllMM4104NKEIHpA8tRxMiwHRGs3xjfBJJjW0MeDb/9o6IMGYoQucRxMZmUZsu/9NaqY2uOiOWqNRCQp3FaVHKXQN4WhPuMQ3UuhJ6jFDN3JeYxkQTal2ZORc/WAy7TOrlUnBeKt+XC5XreRFZdISO0SkK0CWqoFtURTVE0TN6RR9o4j15L96b9/5jzXjzm0P0B97nN4nKn/s=</latexit>

and Un the Fatou component such that fn(U) ⇢ Un.
<latexit sha1_base64="OxqjeSObfFPI76C9igk0mHHXx+Y="></latexit>

If Un \ P (f) = ;, then for every compact K ⇢ U and every r > 0,
<latexit sha1_base64="Xu99vHEGFRUhbDkfLcyKr7r6gLs="></latexit>

there exists n0 2 N such that for every n � n0 and every z 2 K:
<latexit sha1_base64="iVSJSAJCUwmA+yQ3420yQNPaMPE="></latexit>

D(fn(z), r) ⇢ Un
<latexit sha1_base64="Fejed5ot+WpAY9UHFM3GOHLFvmY=">AAAB+nicbVDLTsJAFJ36RHyhLly4mUhMIDGkRRNdEnXhEhMLJFDJdLiFCdNpMzM1wcrP6MqoOz/DH/BvHLALBc/q3HvOTe45fsyZ0rb9ZS0sLi2vrObW8usbm1vbhZ3dhooSScGlEY9kyycKOBPgaqY5tGIJJPQ5NP3h5URv3oNULBK3ehSDF5K+YAGjRJtVt7B/VQruROmhfCzLuKMSX4HGbtcoRbtiT4HniZORIspQ7xY+O72IJiEITTlRqu3YsfZSIjWjHMb5TqIgJnRI+tA2VJAQlJdOA4zxURBJrAeAp/Nvb0pCpUahbzwh0QM1q02W/2ntRAfnXspEnGgQ1FiMFiQc6whPesA9JoFqPjKEUMnMl5gOiCRUm7byJr4zG3aeNKoV56RSvTkt1i6yInLoAB2iEnLQGaqha1RHLqJojJ7RG3q3Hq0n68V6/bEuWNnNHvoD6+MbU/2Srg==</latexit>

In particular, diam Un �!
n!1

1 and dist(fn(z), @Un) �!
n!1

1.
<latexit sha1_base64="+wdQU2TTI1lFDeI/d1xyZlKgY2k="></latexit>

⭐ Candidate Wandering domains must contain postsingular points.
P (f) =

1[

n=0

fn (S(f))
<latexit sha1_base64="NpIBVeI+BXBhELs/bpD7VxbmeWk="></latexit>

⭐ Finite-type functions have neither Wandering domains nor Baker domains.

⭐ “Note that if we choose ,  will have a wandering domain that projects to a parabolic basin”.α ∈ ℚ Nα
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• Further investigation on the Newton class:

FUTURE RESEARCH

11

Nf (z) = z �M(ez), M(w) =
aw + b

cw + d
<latexit sha1_base64="kqkBGBR/G0EmII7wxV1p5N6Mb6w="></latexit>

• Non-trivial Wandering domains for Newton maps of entire functions with zeros?

• Other areas of exploration: Quasiperiodically-forced systems?

,       Möbius mapM(w) =
aw + b
cw + d

f(z) = ke
d
b z (aez + b)

bc�ad
ab

<latexit sha1_base64="hifFYFkIeFdClze4laKvontUJ98="></latexit>

F : T⇥ C �! T⇥ C
<latexit sha1_base64="2X1CcF0X5Pyqy5FsWmU17hg4Elo=">AAACMHicfVDLSgMxFM3UV62vUZdugkVwVWaqoLgqFsSNUKEv6JSSSdM2NDMZkjtKGfpT+ht+gF2JuvMrTOsg2op3dXLOCfee40eCa3CciZVZWl5ZXcuu5zY2t7Z37N29upaxoqxGpZCq6RPNBA9ZDTgI1owUI4EvWMMflqd6444pzWVYhVHE2gHph7zHKQFDdeybqwvsBQQGvp9Ux9gDHjD9zZQNI2TYV7w/AKKUvP/f3LHzTsGZDV4EbgryKJ1Kx37yupLGAQuBCqJ1y3UiaCdEAaeCjXNerFlE6JD0WcvAkJiF7WQWe4yPelJhGDA8e//0JiTQehT4xjM9Ts9rU/IvrRVD77yd8DCKgYXUWIzWiwUGiaft4S5XjIIYGUCo4uZKTAdEEQqm45yJ786HXQT1YsE9KRRvT/Oly7SILDpAh+gYuegMldA1qqAaougRTdAbercerGfrxXr9smas9M8++jXWxydIUKpN</latexit>

(✓, z) �! F (✓, z) = (✓ + !, f✓(z)), ! 2 R�Q
<latexit sha1_base64="C9RzFRPI9+NTV0Svip82yW7tRvs="></latexit>
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