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1 attosecond  =  10-18 second 

1 attosecond  to a second is like  
 
       1 second to ~32 billion years! 
 
 

What is an attosecond? 



Why do we need attosecond pulses? 

Why is the image blurring? 

To “take a picture” of the electron 
motion inside an atom or molecule, 

one needs attosecond pulses!  

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=HwJXwnHUCC8wOM&tbnid=yaD5dbWK6Lls5M:&ved=0CAUQjRw&url=http://www.kristybolsinger.com/do-you-really-want-a-faster-horse/&ei=s9_kU5KbIqHgsAS31ICABQ&bvm=bv.72676100,d.cWc&psig=AFQjCNGcg3wUpmazG1_1JFIeUv44OWDtdg&ust=1407594745596704


Operational in 2018 
 

Cost: ~300M €  

~200M-$ in Asia  

< 50M-$  



Attosecond science is one of the missions for the 
proposed super-powerful laser facility at LLE 

EP-OPAL* 

* J. D. Zuegel et al., CLEO (2014)  
  D. D.Meyerhoffer et al., APS-DPP (2014) 



The “attosecond-era” has been begun since 
the two important papers published in 2001 



Some neat attosecond experiments in 
this “new-born” field  
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My “journey” of learning attosecond 
physics started in 2002 when I was a 
postdoc in Tony’s group 

Atomic 
gas-jet 

p0 

𝒑𝒇 = 𝒑𝟎 + 𝒆𝒆(𝒕𝒃) 

By measuring the final electron momentum at different 
time delays, one can directly “map” out the oscillating 
field strength of an ultrashort IR-pulse!   

𝑝0 = 2𝑚(ћ𝜔𝐴 − 𝐼𝑝)  ;  E 𝑡 = −𝜕𝜕(𝑡)/𝜕𝑡 



The TDSE calculations showed that one can 
indeed “map-out” the dressing IR-field 

“Great minds think alike”? 



The exactly-same experiment was published in 
SCIENCE just two years later…… 



Attosecond pump-probe was proposed to explore 
the ultrafast electron motion in atoms in 2006 



The ultrafast motion of electron wave-packet can be 
“mapped” out by time-delayed attosecond pulses 



This work has been highlighted and widely 
cited shortly after its publication 



The proposed pump-probe technique has 
been cited as a “drive-force” for producing 
intense attosecond pulses  



Instantaneous AC-Stark shift of excited states in 
He were probed with attosecond pulses (in 
collaboration with experimental group at UCF)*  

140-as XUV 

6-fs NIR 

* M. Chini, B. Zhao, H. Wang, Y. Cheng, S. X. Hu, Z. Chang, Phys. Rev. Lett. 109, 073601 (2012).  



Can one control the electron 
correlation to boost photo-absorption 
in double-ionization (DI) of He?   

IR-only 

IR+Atto-EUV 



The momentum distribution of He-DI 
manifests the enhanced photo-absorption 
due to the strong e-e correlation 

E1[E2] = 3.2Up+12hνIR ≈ 36+18 = 54-eV  
E2[E1] = hνEUV- Ip2 +12hνIR ≈ 41-54.4+18 = 3.6-eV 



The probability of energetic electrons oscillates 
with the time delay by half-period of the IR field*  

(E1+E2=60-eV)  

Due to excessive 
IR-photon 
absorption induced 
by the strong e-e 
correlation 

* S. X. Hu, Phys. Rev. Lett. 111, 123003 (2013) 



“Double-slit” interference patterns can be 
used to infer the inter-nucleus distance at the 
instant of the attosecond pulse striking* 

hν = 630-eV hν = 350-eV 

 S. X. Hu, L. A. Collins & B. I. Schneider, Phys. Rev. A 80, 023426 (2009) (P). 
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Electron correlation plays an important role in single 
ionization of He in the vicinity of autoionization resonance* 



Controlling double-ionization of He by an elliptically-
polarized attosecond pulse has been demonstrated 



Matter-wave vortices can be produced in photoionization 
by delayed circularly-polarized attosecond pulses* 

* J.M. Ngoko Djiokap,  S. X. Hu,  L.B. Madsen, N.L. Manakov, A.V. Meremianin, A. F. Starace, Phys. Rev. Lett. 115, xxxxxx (2015).  



Summary 

 Attosecond physics has been an active 
field of study for the past decade. 
 

 My “journey” in exploring the ultrafast 
world started with the inspiration from 
Tony! 
 

 New adventure with Tony in attosecond 
AMO physics is bringing fun to us!! 
 



Best wishes from Suxing & Lishan’s Family 

Happy 70th Birthday to Tony! 
2003 2014 



Thank You 



“The shortest pulse ever created” to date 
is ~67-attoseconds generated by gas-HHG 
using ~7-fs laser at UCF 
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