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Abstract.‌ ‌In‌‌order‌‌to‌‌spectroscopically‌‌probe‌‌the‌‌superconducting‌‌energy‌‌gap‌‌of‌‌potassium-doped‌‌Ba122‌‌iron‌‌pnictides,‌‌                             
in‌ ‌particular‌ ‌Ba‌(1-x)‌K‌x‌Fe‌2‌As‌2‌ ‌where‌ ‌x‌ ‌=‌ ‌0.33‌ ‌(under-doped‌ ‌regime),‌ ‌we‌ ‌have‌ ‌performed‌ ‌four-wire‌ ‌conductance‌‌                           
measurements‌‌‌ from‌‌T‌‌=‌‌2K‌‌to‌‌52K‌.‌ ‌We‌‌report‌ ‌evidence‌‌for‌‌multi-gap‌‌features‌‌with‌‌gaps‌‌corresponding‌‌to‌‌directional‌‌                                   
tunneling‌‌through‌‌the‌‌‌ab‌-‌ ‌axes‌‌of‌‌this‌‌iron‌‌pnictide.‌ ‌The‌‌multi-gap‌‌features‌‌a‌‌predominant‌‌result‌‌of‌‌tunneling‌‌across‌‌the‌‌                                     
ab‌-‌ ‌plane‌ ‌with‌ ‌gaps‌ ‌of‌ ‌Δ‌1‌‌ ‌=‌ ‌2-4‌ ‌meV‌ ‌and‌ ‌Δ‌2‌ ‌‌=‌ ‌9-11‌ ‌meV.‌ ‌These‌ ‌gap‌ ‌values‌ ‌are‌ ‌temperature‌ ‌dependent.‌ ‌ 
‌ 

I‌NTRODUCTION‌ ‌ 

Multi-band‌ ‌superconductors,‌ ‌such‌ ‌as‌ ‌the‌ ‌iron‌ ‌pnictides,‌ ‌can‌ ‌exhibit‌ ‌multiple‌ ‌energy‌ ‌gaps‌ ‌depending‌ ‌on‌ ‌the‌‌                             
crystal‌‌growth‌‌conditions‌‌and‌‌on‌‌which‌‌tunneling‌‌directions‌‌are‌‌made‌‌accessible‌‌by‌‌the‌‌sample‌‌fabrication‌‌process.‌1‌ ‌                               
The‌‌energy‌‌gaps‌‌are‌‌often‌‌anisotropic‌‌with‌‌respect‌‌to‌‌the‌‌crystal‌‌lattice,‌‌corresponding‌‌to‌‌superconductivity‌‌along‌‌                               
directions‌‌parallel‌‌or‌‌perpendicular‌‌to‌‌the‌‌c-axis‌‌of‌‌the‌‌lattice.‌1,2‌ ‌We‌‌present‌‌and‌‌discuss‌‌results‌‌of‌‌measurements‌‌of‌‌                                   
the‌ ‌energy‌ ‌gaps‌ ‌of‌ ‌single‌ ‌crystals‌ ‌of‌ ‌iron‌ ‌pnictides‌ ‌(K-doped‌ ‌Ba-based‌ ‌122‌ ‌family)‌ ‌using‌ ‌point‌ ‌contact‌‌                               
spectroscopy.‌ 

Transport‌ ‌through‌ ‌a‌ ‌point‌ ‌contact‌ ‌is‌ ‌classified‌ ‌into‌ ‌three‌ ‌separate‌ ‌regimes:‌ ‌diffusive,‌‌quantum,‌‌and‌‌ballistic.‌3‌ ‌                             
Each‌‌regime‌‌correlates‌‌to‌‌the‌‌contact‌‌diameter‌‌‌a‌‌‌and‌‌the‌‌electronic‌‌mean‌‌free‌‌path‌‌of‌‌‌l‌‌‌of‌‌the‌‌contact‌‌material;‌‌the‌‌                                         
mean‌ ‌free‌‌path‌‌stems‌‌from‌‌the‌‌successive‌‌elastic‌‌and‌‌inelastic‌‌scattering‌‌of‌‌electrons.‌‌In‌‌the‌‌diffusive‌‌regime,‌‌the‌‌                                   
sample‌‌size‌‌is‌‌much‌‌larger‌‌than‌‌the‌‌mean‌‌free‌‌path‌‌so‌‌that‌‌transport‌‌is‌‌independent‌‌of‌‌the‌‌form‌‌of‌‌the‌‌system.‌‌In‌‌the‌‌                                             
quantum‌ ‌regime,‌ ‌the‌ ‌sample‌ ‌is‌ ‌similar‌ ‌to‌ ‌the‌ ‌mean‌ ‌free‌‌path‌‌so‌‌that‌‌edge‌‌and‌‌boundary‌‌effects‌‌dominate.‌‌In‌‌the‌‌                                       
ballistic‌‌regime,‌‌the‌‌charge‌‌carriers‌‌make‌‌ballistic‌‌motion‌‌while‌‌boundaries‌‌play‌‌the‌‌role‌‌of‌‌scatterer.‌‌Spectra‌‌such‌‌                                 
as‌‌the‌‌superconducting‌‌energy‌‌gap‌‌has‌‌been‌‌shown‌‌to‌‌be‌‌readable‌‌from‌‌point‌‌contact‌‌data‌‌if‌‌the‌‌interface‌‌between‌‌                                     
normal‌ ‌metal‌ ‌leads‌ ‌and‌ ‌the‌ ‌superconductor‌‌is‌‌in‌‌the‌‌ballistic‌‌regime,‌‌when‌‌heating‌‌effects‌‌are‌‌minimized.‌4‌ ‌It‌‌has‌‌                                   
been‌‌recently‌‌demonstrated‌‌that‌‌if‌‌the‌‌junction‌‌size‌‌is‌‌reduced‌‌to‌‌the‌‌ballistic‌‌regime,‌‌where‌‌the‌‌electron‌‌mean‌‌path‌‌                                     
is‌ ‌longer‌ ‌than‌ ‌the‌ ‌junction‌ ‌size,‌ ‌that‌ ‌conductance‌ ‌measurements‌‌using‌‌PCS‌‌(Point‌‌Contact‌‌Spectroscopy)‌‌can‌‌be‌‌                               
reduced‌ ‌to‌ ‌a‌ ‌simpler‌ ‌tunneling‌ ‌model.‌ ‌This‌ ‌allows‌ ‌the‌ ‌PCS‌ ‌technique‌ ‌to‌ ‌sample‌ ‌the‌ ‌effective‌ ‌density‌ ‌of‌ ‌states‌‌                                   
obtained‌ ‌from‌ ‌integrating‌‌over‌‌the‌‌whole‌‌Fermi‌‌surface,‌‌and‌‌has‌‌been‌‌appropriately‌‌applied‌‌to‌‌iron‌‌pnictides‌‌that‌‌                                 
behave‌ ‌like‌ ‌a‌ ‌non-Fermi‌ ‌liquid.‌4‌ ‌ 

Our‌ ‌measurements‌ ‌that‌ ‌use‌ ‌nanometer-size‌ ‌gold‌ ‌wires‌ ‌pressed‌ ‌against‌ ‌crystals‌‌are‌‌ideally‌‌within‌‌the‌‌ballistic‌‌                             
regime.‌ ‌Features‌ ‌such‌ ‌as‌ ‌Andreev‌ ‌reflections‌ ‌occur‌ ‌within‌ ‌the‌ ‌point-contact‌ ‌between‌ ‌a‌ ‌normal‌ ‌metal‌ ‌N‌ ‌and‌ ‌a‌‌                                 
superconductor‌‌S,‌‌and‌‌i‌s‌‌a‌‌charge-transfer‌‌process‌‌by‌‌which‌‌normal‌‌current‌‌in‌‌N‌‌is‌‌converted‌‌to ‌supercurrent‌‌‌in‌‌S.‌1‌ ‌                                   
When‌‌the‌‌electronic‌‌energy‌‌of‌‌the‌‌applied‌‌voltage‌‌is‌‌within‌‌the‌‌value‌‌of‌‌the‌‌superconducting‌‌gap‌‌(Fermi‌‌level‌‌of‌‌the‌‌                                       
superconductor),‌ ‌the‌ ‌electron‌ ‌is‌ ‌physically‌ ‌not‌ ‌allowed‌ ‌to‌ ‌tunnel‌ ‌across‌ ‌the‌ ‌two-state‌ ‌junction‌ ‌and‌‌as‌‌a‌‌result,‌‌a‌‌                                   
cooper‌ ‌pair‌ ‌is‌ ‌formed‌ ‌within‌ ‌the‌ ‌superconductor‌ ‌while‌ ‌a‌ ‌hole‌ ‌is‌ ‌reflected‌ ‌back‌ ‌inside‌ ‌the‌ ‌normal‌ ‌metal.‌ ‌‌Thus,‌‌                                   
identifying‌ ‌Andreev‌ ‌reflections‌ ‌‌can‌ ‌reveal‌ ‌spectroscopic‌ ‌properties‌ ‌of‌ ‌the‌ ‌superconductor.‌4‌ ‌More‌ ‌generally,‌‌                       
measuring‌ ‌the‌ ‌differential‌ ‌conductance‌ ‌‌dI/dV‌‌as‌‌a‌‌function‌‌of‌‌applied‌‌voltage‌‌‌V,‌‌‌which‌‌is‌‌a‌‌direct‌‌measure‌‌of‌‌the‌‌                                     
superconducting‌ ‌energy‌ ‌gap,‌ ‌‌can‌ ‌show‌ ‌the‌ ‌important‌ ‌spectroscopic‌ ‌properties‌ ‌of‌ ‌the‌ ‌superconductor‌ ‌and‌ ‌give‌‌                           
insight‌‌into‌‌the‌‌mechanisms‌‌driving‌‌superconductivity‌‌in‌‌these‌‌materials.‌‌This‌‌allows‌‌for‌‌the‌‌probing‌‌of‌‌single-‌‌and‌‌                                 
multi-gap‌ ‌structures‌ ‌of‌ ‌superconductors‌ ‌and‌ ‌serves‌ ‌as‌ ‌the‌ ‌basis‌ ‌for‌ ‌point-contact‌ ‌spectroscopy.‌‌ ‌  



E‌XPERIMENTAL‌‌ ‌‌PROCEDURE‌ ‌ 

Single‌‌crystals‌‌of‌‌Ba‌0.67‌K‌0.33‌Fe‌2‌As‌2‌ ‌of‌‌high‌‌crystalline‌‌quality‌‌were‌‌obtained‌‌from‌‌collaborators‌‌who‌‌had‌‌grown‌‌                             
samples‌ ‌by‌ ‌using‌ ‌the‌ ‌self-flux‌ ‌method‌ ‌with‌ ‌FeAs‌ ‌as‌ ‌flux,‌ ‌as‌ ‌described‌ ‌in‌‌the‌‌literature.‌5‌ ‌The‌‌crystals‌‌were‌‌then‌‌                                     
cleaved‌ ‌by‌ ‌means‌ ‌of‌ ‌mechanical‌ ‌exfoliation‌ ‌using‌ ‌Scotch‌‌tape,‌‌to‌‌produce‌‌a‌‌fresh,‌‌shiny‌‌surface.‌‌To‌‌prepare‌‌the‌‌                                   
samples‌ ‌for‌ ‌current-voltage‌ ‌measurements,‌ ‌four‌‌soft‌‌point‌‌contacts‌‌were‌‌made‌‌by‌‌controlled‌‌application‌‌of‌‌silver‌‌                             
paint‌ ‌on‌ ‌nanometer-diameter‌ ‌gold‌ ‌wires‌ ‌set‌ ‌upon‌ ‌the‌ ‌crystals‌ ‌mounted‌ ‌on‌ ‌a‌ ‌copper‌ ‌platform.‌‌ ‌  

‌Four‌ ‌contacts‌ ‌were‌ ‌made‌ ‌in‌ ‌order‌ ‌to‌ ‌implement‌ ‌four-wire‌ ‌measurement‌ ‌technique‌ ‌designed‌ ‌to‌ ‌eliminate‌‌                             
contributions‌‌from‌‌lead‌‌resistances.‌6‌ ‌To‌‌access‌‌the‌‌‌ab-‌and‌‌‌c-‌axes‌‌simultaneously‌‌through‌‌the‌‌crystal,‌‌V-shaped‌‌gold‌‌                               
wires‌ ‌connecting‌ ‌the‌ ‌point‌ ‌contact‌ ‌are‌ ‌oriented‌ ‌between‌ ‌30-45°‌ ‌relative‌ ‌to‌ ‌the‌ ‌copper‌ ‌platform.‌ ‌  

The‌‌sample‌‌was‌‌then‌‌mounted‌‌onto‌‌a‌‌custom-built‌‌sample‌‌holder‌‌thermally‌‌anchored‌‌using‌‌black‌‌Stycast‌‌Epoxy‌‌                               
on‌ ‌the‌ ‌second‌ ‌stage‌ ‌cold‌ ‌finger‌ ‌of‌ ‌a‌ ‌Janis‌ ‌Cryocooler‌‌with‌‌a‌‌base‌‌temperature‌‌of‌‌2‌‌Kelvin.‌‌The‌‌second‌‌stage‌‌is‌‌                                         
covered‌‌by‌‌a‌‌metal‌‌shroud‌‌that‌‌acts‌‌doubles‌‌as‌‌a‌ ‌2‌‌Kelvin‌‌radiation‌‌shield,‌‌which‌‌is‌‌then‌‌covered‌‌with‌‌a‌‌vacuum‌‌                                         
can‌ ‌pumped‌ ‌down‌ ‌with‌ ‌an‌ ‌Edwards‌ ‌TS-75‌ ‌turbomolecular‌ ‌pump.‌ ‌ 

‌ 

‌ 
FIGURE‌ ‌1‌:‌ ‌(a)‌ ‌The‌ ‌Iron‌ ‌Pnictide‌ ‌Crystal‌ ‌sample‌ ‌(~2mm‌ ‌across)‌ ‌was‌ ‌mounted‌ ‌on‌ ‌a‌ ‌copper‌ ‌platform.‌ ‌Soft‌ ‌point‌ ‌contacts‌  ‌were‌‌ 

made‌ ‌using‌ ‌nm-sized‌ ‌gold‌ ‌wire‌ ‌and‌ ‌silver‌ ‌paint‌ ‌(white‌ ‌dots‌ ‌centered‌ ‌on‌ ‌iron‌ ‌pnictide‌ ‌crystal).‌ ‌(b)‌ ‌The‌ ‌sample‌ ‌holder‌ ‌was‌‌ 
thermally‌ ‌anchored‌ ‌to‌ ‌the‌ ‌second‌ ‌stage‌ ‌of‌ ‌a‌ ‌Janis‌ ‌Cryocooler.‌ ‌ 

‌ 
At‌‌base‌‌temperature,‌‌a‌‌current‌‌bias‌‌was‌‌provided‌‌by‌‌a‌‌ramped‌‌waveform‌‌generator‌‌and‌‌the‌‌voltage‌‌response‌‌and‌‌                                   

conductance‌‌were‌‌measured‌‌through‌‌two‌‌Stanford‌‌SR830‌‌low-noise‌‌lock-in‌‌amplifiers‌‌to‌‌reduce‌‌external‌‌noise‌‌and‌‌                             
produce‌‌high‌‌resolution‌‌measurements.‌ ‌A‌‌temperature‌‌series‌‌of‌‌conductance‌‌as‌‌a‌‌function‌‌of‌‌voltage‌‌was‌‌collected‌‌                               
through‌ ‌a‌ ‌data‌ ‌acquisition‌ ‌device‌ ‌(DAQ)‌ ‌and‌ ‌controlled‌ ‌through‌ ‌Labview‌ ‌and‌ ‌analyzed‌ ‌using‌ ‌Python.‌‌ ‌  

RESULTS‌‌ ‌‌AND‌‌ ‌‌DISCUSSION‌ ‌ 

Using‌‌the‌‌four-wire‌‌approach,‌‌the‌‌resistance‌‌of‌‌the‌‌under-doped‌‌iron‌‌pnictide‌‌Ba‌(1-x)‌K‌(x)‌Fe‌2‌As‌2‌ ‌where‌‌x‌‌=‌‌0.33,‌‌                               
was‌ ‌measured‌ ‌and‌ ‌found‌ ‌to‌ ‌have‌ ‌a‌ ‌superconducting‌ ‌critical‌ ‌temperature‌ ‌of‌ ‌38‌ ‌Kelvin.‌ ‌This‌ ‌can‌ ‌be‌ ‌observed‌‌in‌‌                                   
Figure‌ ‌2,‌ ‌where‌‌there‌‌is‌‌a‌‌dramatic‌‌change‌‌in‌‌the‌‌magnitude‌‌and‌‌sharpness‌‌of‌‌the‌‌conductance‌‌curve‌‌dI/dV‌‌vs‌‌V.‌‌                                       
For‌‌temperatures‌‌at‌‌and‌‌below‌‌T‌c‌=‌‌38‌‌Kelvin,‌‌there‌‌is‌‌marked‌‌enhancement‌‌of‌‌conductance‌‌in‌‌the‌‌form‌‌of‌‌a‌‌peak‌‌                                         
while‌ ‌below‌ ‌Tc,‌ ‌the‌‌signal‌‌becomes‌‌rounded‌‌and‌‌progressively‌‌reduced.‌‌Furthermore,‌‌a‌‌temperature‌‌series‌‌of‌‌the‌‌                               
conductance‌‌measurements‌‌from‌‌2.0‌‌–‌‌52.0‌‌Kelvin‌‌show‌‌features‌‌in‌‌the‌‌form‌‌of‌‌a‌‌broad‌‌shoulder‌‌and‌‌a‌‌peak.‌‌These‌‌                                       
features‌‌–‌‌enhancements‌‌in‌‌conductance‌‌are‌‌typically‌‌interpreted‌‌to‌‌correspond‌‌to‌‌superconducting‌‌energy‌‌gaps,‌‌in‌‌                             
this‌‌case,‌‌a‌‌small‌‌gap‌‌Δ‌1‌ ‌symmetric‌‌about‌‌2-4‌‌meV‌‌and‌‌a‌‌large‌‌gap‌‌Δ‌2‌ ‌symmetric‌‌about‌‌9-11‌‌meV‌‌(See‌‌Figure‌‌2).‌‌                                           
These‌ ‌two‌ ‌predominant‌ ‌features‌ ‌for‌ ‌Ba‌0.67‌K‌0.33‌Fe‌2‌As‌2‌ ‌are‌ ‌consistent‌ ‌with‌ ‌two‌ ‌flavors‌ ‌of‌ ‌tunneling‌ ‌along‌ ‌the‌ ‌ab‌‌                               
plane.‌‌The‌‌insets‌‌of‌‌Figure‌‌2‌‌show‌‌that‌‌the‌‌peaks‌‌move‌‌with‌‌temperature,‌‌which‌‌is‌‌characteristic‌‌of‌‌the‌‌temperature‌‌                                     
dependence‌‌of‌‌conventional‌‌superconducting‌‌energy‌‌gaps.‌1‌ ‌Looking‌‌at‌‌the‌‌literature,‌‌these‌‌results‌‌are‌‌very‌‌similar‌‌                             
to‌‌data‌‌from‌‌‌P.‌‌Samuely‌‌et‌‌al.‌7‌ ‌that‌‌report‌‌two‌‌energy‌‌gaps‌‌with‌‌similar‌‌values‌‌for‌‌a‌‌nominally‌‌similar‌‌composition‌‌                                       
of‌‌Ba‌0.55‌K‌0.45‌Fe‌2‌As‌2‌ ‌at‌‌temperatures‌‌below‌‌its‌‌T‌c‌ ‌of‌‌30K.‌‌In‌‌2008,‌‌‌Gonnelli‌‌et‌‌al.‌9‌ ‌‌also‌‌obtained‌‌two-gap‌‌spectra‌‌on‌‌                                     

‌ 

‌ 

(a)‌ ‌  (b)‌ ‌ 



the‌‌LaFeAsO‌1−x‌ ‌‌F‌x‌ ‌polycrystals‌‌that‌‌compare‌‌remarkably‌‌well‌‌with‌‌these‌‌values.‌‌In‌‌addition,‌‌two-gap‌‌spectra‌‌were‌‌                               
also‌ ‌observed‌ ‌in‌ ‌under-doped‌ ‌Ba‌(1-x)‌K‌(x)‌Fe‌2‌As‌2‌ ‌‌using‌ ‌Raman‌ ‌scattering.‌9‌ ‌On‌ ‌the‌ ‌other‌ ‌hand,‌ ‌there‌ ‌have‌ ‌been‌‌                             
observations‌ ‌of‌ ‌only‌ ‌single‌ ‌energy‌ ‌gap‌ ‌features,‌ ‌using‌ ‌STM,‌ ‌in‌ ‌iron‌ ‌pnictides‌ ‌that‌ ‌are‌ ‌doped‌ ‌with‌ ‌cobalt‌10‌ ‌and‌‌                                   
potassium.‌11‌ ‌ 

‌ 
FIGURE‌ ‌2:‌‌  ‌Data‌ ‌for‌ ‌Differential‌ ‌Conductance‌ ‌dI/dV‌ ‌vs‌ ‌Voltage‌ ‌V‌ ‌of‌ ‌iron‌ ‌pnictide‌ ‌Ba‌(1-x)‌K‌(x)‌Fe‌2‌As‌2‌‌  ‌where‌ ‌x‌ ‌=‌ ‌0.33‌‌ 

(under-doped‌ ‌regime)‌ ‌and‌ ‌T‌ ‌=‌ ‌2.0‌ ‌K‌ ‌to‌ ‌52.0‌ ‌K.‌ ‌Two‌ ‌gap‌ ‌values‌ ‌Δ‌1‌‌ ‌at‌ ‌2-4‌ ‌meV‌ ‌and‌  ‌Δ‌2‌‌ ‌at‌ ‌9-11‌ ‌meV‌ ‌are‌ ‌suggested‌ ‌by‌ ‌the‌‌ 
shoulders‌ ‌and‌ ‌bumps‌ ‌on‌ ‌the‌  ‌conductance‌ ‌curves.‌ ‌Similar‌ ‌features‌ ‌have‌ ‌been‌ ‌observed‌ ‌in‌ ‌the‌ ‌literature‌ ‌for‌ ‌other‌ ‌superconductors.‌‌ 
The‌ ‌two‌ ‌insets‌ ‌show‌ ‌that‌ ‌within‌ ‌each‌ ‌gap,‌ ‌peaks‌ ‌move‌ ‌with‌ ‌temperature,‌ ‌which‌ ‌is‌ ‌characteristic‌ ‌of‌ ‌conventional‌ ‌superconducting‌‌ 

energy‌ ‌gaps.‌ ‌ 

C‌ONCLUSION‌‌ ‌‌AND‌‌ ‌F‌UTURE‌‌ ‌W‌ORK‌ ‌ 

We‌ ‌have‌ ‌performed‌ ‌PCS‌ ‌measurements‌ ‌on‌ ‌under-doped‌ ‌iron‌ ‌pnictide‌ ‌Ba‌0.67‌K‌0.33‌Fe‌2‌As‌2‌ ‌and‌ ‌observed‌ ‌two‌‌                         
temperature-dependent‌ ‌features‌ ‌that‌ ‌correspond‌ ‌to‌ ‌gap‌ ‌values:‌ ‌a‌ ‌small‌ ‌Δ‌1‌ ‌‌=‌‌2-4‌‌meV,‌‌and‌‌a‌‌large‌‌gap,‌‌Δ‌2‌ ‌‌=‌‌9-11‌‌                                       
meV.‌‌For‌‌future‌‌work,‌‌we‌‌will‌‌plot‌‌the‌‌normalized‌‌superconducting‌‌energy‌‌gap‌‌values‌‌Δ(T)/Δ(0),‌‌where‌‌Δ(0)‌‌is‌‌the‌‌                                   
gap‌ ‌at‌ ‌zero‌ ‌temperature,‌ ‌that‌ ‌should‌‌decrease‌‌with‌‌T/T‌c‌,‌‌and‌‌compare‌‌with‌‌results‌‌of‌‌other‌‌research.‌‌We‌‌plan‌‌to‌‌                                     
determine‌‌the‌‌common‌‌underlying‌‌factor‌‌shared‌‌by‌‌various‌‌superconductors‌‌studied‌‌by‌‌different‌‌groups‌‌that‌‌exhibit‌‌                             
these‌‌similar‌‌two-gap‌‌structures.‌ ‌Towards‌‌this,‌‌we‌‌plan‌‌to‌‌measure‌‌more‌‌doping‌‌regimes‌‌of‌‌potassium-based‌‌iron‌‌                               
pnictide‌ ‌and‌ ‌other‌ ‌doping‌ ‌types‌ ‌of‌ ‌iron‌ ‌pnictides‌ ‌such‌ ‌as‌ ‌phosphorus‌ ‌and‌ ‌cobalt.‌‌ ‌  
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