
Here 𝒞~1/2 and ℱ is a numerical factor ≳ 1, for which 
our preliminary estimate gives ℱ = 11/6. We see that the 
~𝐸1/3 scaling is still present and that for negative values 
of 𝜆𝐺𝐺 we can increase the stopping distance by up to ~30-
40%, compared to the case of pure 𝐴𝐴𝐴5 with no higher 
derivative corrections.  
   Since the Gauss-Bonnet parameter 𝜆𝐺𝐺  affects the 𝜅 
coefficient non-negligibly, we can expect 𝑅𝐴𝐴  to be 
sensitive to it: we see that keeping 𝜆 = 1 fixed, just by 
‘turning on’ the higher derivative corrections, we can 
increase 𝑅𝐴𝐴 by almost 100%. 

Following a similar procedure as in [2], by analyzing null 
geodesics in GB geometry and relating its parameters to 
the energy of the string, we have the following preliminary 
result for the maximum stopping distance of falling strings 
up to linear order in 𝜆𝐺𝐺 [9]: 

   One of the important applications of the gauge/gravity 
duality has been the study of jet quenching in strongly-
coupled systems, such as the sQGP. Experimental data on 
the suppression of light hadrons in AA collisions from RHIC 
and LHC [1] calls for a more consistent grasp on the energy 
loss of light quarks in the gauge/gravity duality in order to 
be able to compute jet quenching observables such as the 
nuclear modification factor 𝑅𝐴𝐴  and the elliptic flow 
parameter 𝑣2. Here we present a possible way to compute 
the 𝑅𝐴𝐴 using the input from the studies of the energy loss 
of light quarks in AdS/CFT. 
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Motivation 

Light quarks in AdS/CFT 
   Dressed quarks of mass 𝑚𝑄 are dual to strings in the 
bulk with one or both endpoints on the D7-brane spanning 
from 𝑟 = 0 (boundary) to some 𝑟𝑚~1/𝑚𝑄 and physics of 
the energy loss of these quarks is related to the dynamics 
of their dual strings. For light quarks, the D7-brane fills the 
entire AdS-BH geometry and a way to study their energy 
loss is to investigate the free motion of the strings that 
have both of their endpoints on the D7-brane 
(representing dressed 𝑞𝑞�  pairs), the so-called falling 
strings [2]. 

   In fact, as noted in [3], preliminary numerical studies 
suggest that, although the early time behavior of the 
energy loss is susceptible to the initial conditions, the 
linearity of it, 𝑑𝑑/𝑑𝑑~𝑡, seems to be a remarkably robust 
feature, which we will use as a working assumption in the 
calculation of 𝑅𝐴𝐴. 

Energy loss of light quarks 
   In [2] it was shown that the maximum stopping distance 
of light quarks in a strongly coupled 𝒩 = 4 SYM plasma 
scales with energy as ∆𝑥𝑚𝑚𝑚 ∝ 𝐸1/3 . In general, this 
information alone is not enough to calculate observables 
such as 𝑅𝐴𝐴  and 𝑣2 , where the knowledge of the 
instantaneous energy loss is needed. For this, one needs 
to analyze the spacetime momentum currents Π𝜇𝑎 on the 
string worldsheet, whose connection to the energy loss 
becomes non-trivial and the details of the geometry on 
the worldsheet become important. In [3] it was shown 
that the energy loss in time-dependent string 
configurations receives a correction to the simple Π𝜇𝜎  
component (the ‘apparent’ energy loss). 

Calculating RAA 

   Motivated by [4], we model the phenomenologically 
relevant part of the instantaneous energy loss of a light 
quark moving through an 𝒩 = 4 SYM plasma as: 

Here 𝑇 is the temperature, 𝑥 is the distance in the medium 
the quark has traversed, 𝐸0 is its initial energy, 𝐿𝑠 is the 
stopping distance and Θ is the step function.  
   Combining the stopping distance dependence on the 
initial energy and temperature which we know from [2]: 

we arrive at: 

where we have defined an effective coupling 𝜒, which 
determines the overall magnitude of the energy loss. As 
noted in [3], this formula has a surprising similarity to the 
typical qualitative behavior of energy loss of light quarks in 
pQCD in the strong LPM regime [4].  
   Using this formula, we can proceed to compute the 
𝑅𝐴𝐴 for light quarks, in the same way it was done in [5], 
using the Glauber initial conditions which determine the 
temperature profile of the expanding plasma and 
averaging over the jet azimuthal directions and production 
points in the transverse plane.  

   Using 𝜅 ≈ 0.5 [2] and an unphysically small 𝜆 = 1, we 
obtain a minimal value of 𝜒 ≈ 8. Such a high value of 𝜒 
gives an 𝑅𝐴𝐴 of a rather low magnitude, indicating strong 
quenching. Using even lower values of 𝜒, we see that 
𝑅𝐴𝐴 actually has the correct qualitative behavior as 
displayed by the LHC data [1]. This suggests that the main 
problem here could be simply in the magnitude of the 
quenching.  

Higher derivative corrections 

   We decided to examine if higher derivative corrections 
to the gravity sector of 𝐴𝐴𝐴5 can decrease the strength of 
the quenching while keeping the correct qualitative 
behavior of 𝑅𝐴𝐴 . In the presence of a D7-brane, the 
leading 1/𝑁𝑐 corrections come from the 𝑅2-terms which 
we will model by a Gauss-Bonnet term, 𝜆𝐺𝐺ℒ𝐺𝐺. Here, 𝜆𝐺𝐺 
is a dimensionless parameter, constrained to be 
− 7/36 < 𝜆𝐺𝐺≤ 9/100 [6,7]. A black brane solution in 
this case is known analytically [8]: 
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Conclusions 

   LHC light hadron suppression data seems to remain very 
challenging for gravity dual models; while our model 
calculations for 𝑅𝐴𝐴 of light quarks in AdS/CFT qualitatively 
agree with the data, the overall magnitude is too low.  
   This magnitude is shown to be very sensitive to higher 
derivative 1/𝑁𝑐 corrections, which are able to increase it, 
but are not enough.  
   Effects of non-conformal geometries, geometries dual to 
expanding plasmas and generalized initial conditions 
should be further investigated. 
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   Defining the light quark jet as a part of the falling string 
within a certain fixed ∆𝑥~1/(𝜋𝜋)  distance from the 
endpoint (as in [2]), it was demonstrated [3] that this 
correction becomes especially important at late times and 
substantially decreases the magnitude of the Bragg-like 
peak reported in [2].  
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