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Outline 

 Introduction to all-optical transient spectroscopy 

 Quasiparticle relaxation bottleneck in systems with small 

gap: the Rothwarf-Taylor bottleneck 

 Dynamics of the CDW state. Is there a Rothwarf-Taylor 

bottleneck at all? 

 Dynamics of the SDW state in iron based pnictides 

 Ultrafast SDW state destruction and recovery 

 Conclusions 
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Time resolved optical spectroscopy setup 

pump 
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sample 

windows delay 

Transient 
reflectivity 

ΔR/R 
or 

transmittance 
ΔT/T 

•probe/pump photon energy: IR - UV 
•exc. fluence: 10-9-10-3 J cm2/pulse 
•pulselengths ~50 fs 
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Transient reflectivity (transmittance) 

The rigid band approximation: 
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The transient reflectivity probes 
the photoexcited QP density. 
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ECRYS 2014 Bottleneck in systems with small gap 
(weak excitation) [Rothwarf-Taylor 1967, Kabanov 1999] 

Energy conservation: 
EL= [ce(Tbath) + c2Δb(Tbath)] δTel 

npe(T ) = dn/dT  δTel  

Nb(ε) 

2Δ 

ε 

bosonic 
subsystem: 

2Δ  
bosons 

ε 

2Δ 

Ne(ε) 

electronic 
subsystem: 

V.V. Kabanov et al., PRB 59, 1497 (1999) 

BCS T-dependent gap: 

no. of involved electronic  
degrees of freedom 

no. of involved boson  
degrees of freedom 
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Bottleneck in superconductors 

Δ
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V.V. Kabanov et al., PRB 59, 1497 (1999) 

YBa2Cu3O7-δ 

B. Renker et al.,  
Physica B 165-166, 1237 (1990) 
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Application of the bottleneck model to a CDW 

2Δ(0) ~ 150 meV > max. phonon energy 
J. Demsar et al., PRL 83, 800 (1999) 

K0.3MoO3 
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E. E. M. Chia et al., PRB 74, 140409 (2006) 

UNiGa5  T N = 85 K 
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Bottleneck model in CDW state of tri-tellurides 

The relaxation rate  
1/τ ∝ Δ(T) 

The reflectivity 
amplitude  

(BCS-like T-
dependence of 
the CDW gap) 

Yusupov et al., PRL 2008 

ΔCDW 

Pump Probe 

recombination 

gap  

(ARPES) 

TbTe3: 
  Δ(0) ~ 125 meV 

V. Brouet et al., Phys. Rev. B 77 , 235104 (2008) 
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Schaefer et al., PRL 105, 066402 (2010) 

K0.3MoO3 

Overdamped electronic order 
parameter: x = ψ(t ) - ψeq 

Phonon(s) 

F. Schmitt et al.,  New Journal of Physics 13,  
063022 (2011) 
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Fe based pnictides 

Sm-1111: 
•SmFeAs(O,F), Tc,max ≈ 55K 
•Sm(Fe,Co)AsO, Tc,max ≈ 17K 

 
 

Ba-122: 
•Ba(Fe,Co)2As2, Tc,max ≈ 24K 

J.-H. Chu et al., Phys. Rev. B 79, 014506 (2009)  

SDW-like 
 AFM 

Tetragonal 

Ortho- 
rhombic 

Mrgadonna et al., Phys. Rev. B 79, 014503 (2009) 

I.I. Mazin et al.  
Physica C 469, 614–627 (2009)  

SDW-like 
AFM 

low-T  SDW Fe ordered moment ~0.9 μB 
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Comparison of ΔR/R transients in undoped (SDW) 

compounds (1.55 eV probe) 

SmFeAsO1-δ 
TN < Ts ≈ 125K 

SrFe2As2 

TN = Ts ≈ 200K 

Ts Ts Ts 

BaFe2As2 

TN = Ts ≈ 135K 
Stojchevska et al., PRB 82, 012505 (2010) 
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SmFeAsO1-δ 

Mertelj et al., PRB 81, 224504 (2010) 

SrFe2As2 

Stojchevska et al., PRB 82, 012505 (2010) 

ΔSDW 

Pump Probe 

recombination 

V.V. Kabanov et al., PRB 59, 1497 (1999) 

BCS T-dependent gap: 
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TR-ARPES in the SDW state 

Rettig et. al., PRL 108, 097002 (2012) 

EuFe2As2 
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ECRYS 2014 Static optical response to the magneto-structural transition in 
AeFe2As2 (Ae=Ba, Cs, Sr) 

Charnukha et al., PRB 88, 184511 (2013) 
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P+ 

P- 

SDW state: spectral dependence 

Singular value decomposition: 

Pogrebna et al., PRB 89, 165131 (2014) 
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gph – effective number of involved bosons 

Pogrebna et al., PRB B 89, 165131 (2014) 

Δ(T ): T –dependent BCS-like gap 
n p

e 

V.V. Kabanov et al., PRB 59, 1497 (1999) 

YBCO 

*Charnukha et al., PRB 88, 184511 (2013); Hu et al., PRL 101, 
257005 (2008); Wu et al., PRB 79, 155103 (2009)  

bottleneck 
effect 

matrix element 
effect 
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Bottleneck boson? 

S. Sugai et al.,  
J. Phys. Soc. Jpn. 81, 
024718  (2012) 

Mittal et al.,  
PRB 78, 104514 (2008) 

phonons: magnons: 

Ewings et al., PRB 83, 214519 (2011) 

2ΔSDW(0 ) = ~100-200 meV  

Magnons have a proper energy scale to play 
the role of the bottleneck boson. 
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t12 t23 

sample 

H. D. 

lens 

M 

M - modulator 
H. D. - homodyne detection 

Multiple pump pulse technique  
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Rettig et al., PRL 108, 097002 (2012) 
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Conclusions 

 CDWs: Rothwarf-Taylor bottleneck is possible just near the 
transition when the gap is still small. The all-optical transient 
response is not yet fully understood. The role of an 
overdamped collective  electronic mode? 

 SDW state of iron based pnictides: bottleneck governed 
relaxation dynamics at weak excitation. 

 High energy magnons as the bottleneck bosons. 

 Faster order parameter dynamics observed at higher 
excitation  possibly driven by coherent SRS excitation of the 
order parameter. 
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