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Jets as a probe of the quark-gluon plasma

* Study structure of QGP by understanding jet modification from medium

interaction (jet quenching)

* Several types of jet observables

- Jet yields and constituents — suppression and energy redistribution

- Jet reconstruction and declustering — jet substructure modification

- Jet correlations and tagging — angular deflection and asymmetry
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Jets as a probe of the quark-gluon plasma

e Study structure of QGP by understanding jet modification from medium -

interaction (jet quenching)

° Several types Of let Observables Energy Redistribution (“loss”) ://www.int.washington.edu/node/776
‘ %
- Jetyields and constituents — suppression and energy redistribution ‘ o Substructure modification

- Jet reconstruction and declustering — jet substructure modification
oot

- Jet correlations and tagging — angular deflection and asymmetry o
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Jets as a probe of the quark-gluon plasma

e Study structure of QGP by understanding jet modification from medium -

interaction (jet quenching)

¢ Several t)’PeS Of ]et Observables Energy Redistribution (“loss”) ://www.int.washington.edu/node/776
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Substructure modification

- Jetyields and constituents — suppression and energy redistribution *

- Jet reconstruction and declustering — jet substructure modification

- Jet correlations and tagging — angular deflection and asymmetry
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Jet interaction with the medium

® Energetic objects traversing a medium induce excitations (a ‘response’)

Duck via Wikimedia

A duck in water induces a wake
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Jet interaction with the medium
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® FEnergetic objects traversing a medium induce excitations (a ‘response’) WS gk
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Duck via Wikimedia, jet wake via PLB 777 (2018) 86

® |et lose energy due to interaction Hard
with medium
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= jet fragmentation pattern changes

= medium also modified by jets

" PRL 103 (2009) 152303

S fe— Expectations: “wake effects”
" Trough/ P

-~ depletion

Enhancement around jet -

Depletion opposite jet

A jet in QGP induces a wake
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Semi-inclusive jets recoiling from high-pt hadrons

® Semi-inclusive jets recoiling from a high pr hadron can push the kinematics down to very Track
low pT and large R Recoil o

® Subtract uncorrelated background:yield difference between two exclusive trigger track-
classed distributions: ‘signal’ and ‘reference’:
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Semi-inclusive jet energy redistribution
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Semi-inclusive jet energy redistribution

| — AI'eCOﬂ (p T) AA ;'.] Track
:" AA — A |

Recaoll jet

recoil (PT)pp )

® First measurements of semi-inclusive recoil jet
yields down to very low p+ (7 GeV/c) with ALICE

o at low pr+ — hint of

energy recovery in low p jets!?

e Jetyield suppression at 20 < py ;. < 60 GeV/c

— Jet energy loss

® Rising trend with increasing jet pr — Interplay of

jet quenching and jet production
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Semi-inclusive jet energy redistribution: model comparison
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Recaoll jet

® First measurements of semi-inclusive recoil jet
yields down to very low p (7 GeV/c) with ALICE

JETSCAPE with Pb-Pb tune:

- 1903.07706, Phys.Rev.C 107 (2023) 3
Multi-stage energy loss MATTER+LBT

|

JEWEL:

arXiv:1311.0048, https://jewel.hepforge.org/

medium response effects via treatment of ‘recoils’

Hybrid Model:

JHEP 02 (2022) 175,JHEPOI1(2019)172

With/without elastic energy loss (i.e ‘Moliere’ scattering)
medium response via with and without wake.

pPQCD@LO + Sudakov broadening:
Phys.Lett.B 773 (2017) 672
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Leading order pQCD, azimuthal broadening via jet transport coefficient

]
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Includes collisional and radiative parton energy loss mechanisms in a pQCD approach.



https://arxiv.org/pdf/1903.07706.pdf
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%202204.01163
https://arxiv.org/abs/1311.0048
https://inspirehep.net/literature/1952275
https://inspirehep.net/literature/1685742
https://inspirehep.net/literature/1474410

Semi-inclusive jet energy redistribution: model comparison
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— Medium response could be responsible for

enhancement
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Recoll jet azimuthal modifications
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= = JEWEL (recoils off) T pQCD@LO + Sudakov broadening T @l No Elastic, No Wake 1 | treatment of ‘recoils’
4 - 0 1 I No Elastic, Wake i
+ L) =13 GeV’ Elastic, No Wake
T = (qL) =26 GeV T Elastic, Wake
4 | Hybrid Model:
JHEP 02 (2022) 175, ]HEPO1(2019)172
‘With/without elastic energy loss (i.e ‘Moliere’ scattering)
medium response via with and without wake.

A (rad) A@ (rad) |pQCD@LO + Sudakov broadening:
Phys.Lett.B 773 (2017) 672
PRL 133 (2024) 022301 Leading order pQCD, azimuthal broadening via jet transport

coefficient
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https://arxiv.org/pdf/1903.07706.pdf
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Recoil jet azimuthal modifications
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30 < pT,jer < 50 GeV/c

10 < pr.jec < 20 GeVic

20 < pTjer < 30 GeV/c

£ ALICE

® All predictions can reasonably

30<pT,chj

IS 50 GeV/c

T Vs =5.02 TeV

describe the data trend

Ch-particle jets, anti-k;
TT[20,50] - TT[5,7]

18 JEWEL with recoils-on
describes the laa in all pt bins,
including the broadening effect
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but no broadening effect
. . . : .
Ao (rad) predicted even including elastic

and wake component
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Recoil jet azimuthal modifications: different R

s &0 |
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‘%“‘ ;L:» 10 < pr;jec < 20 GeV/c 20 < pTjec < 30 GeV/c 30 < prjec < 50 GeV/c Trlack

........_. ||||—|_|_|_|_|_|_|_|_|_|_|l||||'|_|_|_|_|_|_l_|_l_|_|| |'|_I_I_I_I_|_I_I_I_I_|_|'
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e [ransition to broadening from R = 0.2 to R = 0.4 for 10 < pr i <20 GeV/c

® Characteristic of medium response

® soft radiation is recovered partially with increasing radius
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Recoil jet azimuthal modifications: model comparison
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Recaoll jet

Arecoil (p T)AA

PRL 133 (2024) 022301

® All features of distribution reproduced by JEWEL with recoils on ...
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Jet hadronchemistry to probe of medium response

QGP N%]Jaagéve Wake _ .**
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What is the chemical
composition of jets in
QGP?

m, K, p???

Ratio

V.0

0.6

0.4

0.2

PLB 837 (2023) 137638

| —— p/7 | — p/n -
pp ,
=== A/] ——== A/E
] /K B 0-10% -
i toe .
| |
: R
- — "t T=F '----_‘
- 4 L 4 | ] 1 1 L 1
¢ 4 8 10 2 4 6 8 10
pr (GeV) pr (GeV)

® |et-medium interactions modify baryon-to-meson ratios

= Enhancement of B/M ratios at intermediate pt (2-6 GeV/c) for larger
distance with respect to jet axis using jet-hadron correlations
(explained by coalescence of medium excitations)
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Jet hadronchemistry to probe of mediu

m response

ace  Negali T J.t ’ i . - - PLB 837 (2023) 137638 ~ 0.8—— R
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What is the chemical | e mmmmmmmm e = o _ a 021 p——— 7
composition of jets in * o [T
QGP'? 0 S T TR TP T L e '_--_-F___'_'i et
277 2 4 6 8 10 OPPLIIILY. | . .
RN GeV < 4 o6 & U0 ’ 0.2 0.4 0.6 0.8 1
pr (GeV) pr (GeV) Ar
e\ o S . S ) S S G =
® |et-medium interactions modify baryon-to-meson ratios £ 035 fopos02Tev =
% 0.3 Z’A;/?TQR = 0.4 ch-particle jets _f
. . . et |njet| < 0.5, 6(2) < p?“érf‘]g <140 GeV/c E
= Enhancement of B/M ratios at intermediate pt (2-6 GeV/c) for larger ozt 0o ™ 4+ ++ -
distance with respect to jet axis using jet-hadron correlations . ‘—:
. . . . 0.15
(explained by coalescence of medium excitations) <
0.05
® Hints of excess of in-jet p/m ratio in central Pb-Pb collision related to pp,

= Quantify distance dependent B/M ratio using jet-hadron correlations
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Colorless probes

In medium parton energy loss Photons / Z
S “Jot quenching’ . GColerless Probes
(Bjorken, 1982) . Photons_, _el_ectroweak bosons
e Tag the initial state

". q 12 y v, 2.
|

M | N _ G

000 0.0000000 0,000 ¢ "Q’ QGDGOmptOH' qq |
‘.". scattering annihilation
N
. ‘/ g‘@gy,\q q/‘%gg
Quark Gluon Plasma .

Transport coefficient g, stopping power dE/dx, Taggmg mltlal JEt energy
gluon density %’f, temperature T ...

Colored Probes:

high energy quarks and gluons, heavy quarks
Studies of the medium properties

) Yaxian MAO

V<) Central China Normal University

UPC2025, | M, 23/11/2025



Charged particle yield recoiling from Z

1 d*°N,, CMS s =5.02TeV, PbPb 1.7 nb", pp 304 pb
Y: h T_ﬁ—l—ﬁllllll—l|||||||||.|||.. v | 717"
Nz dpg'dA¢ Hybrid MM SCET, Hybrid B0 CoLBT
A¢trk,z 72 w/o wake || CoLBT w/0 wake
Z w/ wake
o)
{©)
5 E... . i
D_ e

% racks

0-30% \
5 10 15 200 25 3t 0o 1 15 2 25 O

trk PRL 128 (2022) 122301
pT" (GeVi/c) AG (rad)

® | ow pT1 excess and high pT suppression —*energy redistribution due to quenching
® Excess of particle yields down to the ¢tk = pZ in central PbPb collisions

- quantitative agreement with models including medium response
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“Waking” the medium

A(h, jet), An(h, jet)
® Experimental measurements with y-tagged jets differential in

B AP and An
Y

(b)
pt =0-2GeV/c _2 .
Pb+Pb .
' . PRL 130, 052301 0-10% 3 o0
| (Wa.kE) \2—-5 o, - 0.0

; = ﬂj_,,:, : : \“\ 3
e T—
Ly
& Deptetion- Diffusion wake signal expected at
(chffusion A¢p > n/2 and Ay ~ 0

wake)

Photo from Y.Lee’s talk
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3D jet+tracks in y+jet

Ag(h, jet), An(h, jet) E A TLAS
06

1.0
1. . Pb+PDb f = 2-02TeV, T
1.04F Centrality 0-10%

1 d°N.

Jjet—track

— _ Jer—track 0.96F
UnNncorr B
N,_ic dAnAg 0.94F s

PRC 111 (2025) 044909
o T T 1 62 P N O PR PEEEN R PR S G I S e | 092 O T T N W N T TN TN T TR U A A R W A I""Illll_llllllllll||_|l||
5 1.08 — ATLAS 0 1 2 3 4 5 0 1 2 3 | 4 5
T - Pb+Pb s, =5.02 TeV, 1.72 nb” IAn(jet, track)l IAn(jet, track)l

—~" 1.06 — Centrality 0-10%
— Ag¢(jet,track) > n/2

® 3D analysis of jet-track correlations (xj,, A and An)

>.§ 1.04 — _:
D E ok | e Selecting different | loss cl i
g e . electing different jet energy loss classes using xj,
< m| -
LT S ® Ycorr!/ Yuncorr Shows the relative modification of bulk
: ] medium
B B =
- - PY > 40 GeV . o . .
8 094l L S S ® No significant xj, dependence of the diffusion wake

IAn(jet, track)l
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3D jet+tracks In y+jet: wake constraints

= B P N R . T N N R L Jiet). e 0
s 195 ATLAS Diffusion Wake Amplitude ~ Diffusion Wake Width | Jf\
> 1.06F Pb+PD s =5.02TeV, 72T T track)lz/(202 ) . o o ST
__ 1.04F Centrality 0-10% ag + Ay ° e JEL L dw y ﬁ S
= W
S 1.
>~ A
£ PRC 111 (2025) 044909
adW§ Odw
v Qien s 4 uncorr)ny=O.3—O.6
> 0.1
, o 008k ATLAS 03<x, <06
IAn(jet, track)l 0.06E POHFP Vs, = 5.02 Tev, .72k
' Centrality 0-10%
0.04
. . . . 0.02F
® The best fit of the diffusion wake amplitude for the of

lowest X, (highest energy deposition in the medium) is about

_0.02F {
0.5-0.8% for the diffusion wake width range of 0.5-1.0 _004EF Best fit

—0.065 +10 +20
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Search for diffusion wake in Z-tagged events

Agp(h,Z) T o

No jet requirement allows for contribution from very
quenched jets (xj; << |)

® Double differential absolute measurement of AN, =S -B
B in different selections of ptch CMS Z-hadron correlation
POSltlve Wake 1 d2Nsame
S(AD 4 » AYp ) =
] Nz dA¢ch,zd4ych,z
1.0 N he diff 1 dZN™x
i ote the different B(Ad,. Ayyy.) =
. . T N, dAGy, dDY,
0.8 relative magnitudes of d(ANg) d(AN) ‘ ek
0.6- .
0.4 the two effects dAd.;, 7 dAY., 7 arXiv: 2507.09307
027 N b . S—B 0.8¢
0 Naatlve wake compared to y-jet ‘0.5§
3 ColLBT due to different 23
4¢;.5 . 0,02
% . A type of analysis
(Oﬂs

0_\fad
PS5 P 2\

Z and Wake Hadron correlation in model

Daniel Pablo, Krishna Rajagopal, Yen-Jee Lee
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Diffusion wake via Z-jets: A}

_ I Low
20 - AN ch — S—B : CMS PbPb (pp) 5.02 TeV 1.67 nb$(301 pb™)
- > 259\ 78 4r ly |<2.4 1<p°h<2 GeV 2<P$h<4 GeV 4<P$h<10 GeV
e oy A N = 3F 40<PZ<350 GeV 4. o PbPb 0:30% Reflocted o PLPb 0-90%
d _e_o 2;_ + . - eliecie . -
< Ch> g i ARA Rags R
— /\-5 0"_‘3,_ P .* ﬂ"juu{;..ggg * EQ-DDDE{—}D > :}U”D
Mg o Ao el Py
ch,Z v ® 0:30%
4f 1<p™<2 GeV 2<p'<4 GeV 4<p'<10 GeV
) ) ) "N 3F - PbPb 30-50% Reflected e PbPb 30-50%
® Scan correlated hadrons with respect to Z° direction 2% 2 +H’° = pp Feflected |
: : : : ¥ ‘e 5 38,
in different centrality and pt<h intervals 3 W t 1allal + g: 0, & . -
%5 “Poccoans Sopbgtoghybeet’’ “T0cpootoesesset® TSfo
Clear depletion observed for low pt<h hadrons 5 2 +++ O 30 50%
around Z (Ad ~ 0) in central (0-50%) collisions N .
3 1<p™'<2 GeV 2<p’'<4 GeV 4<p®'<10 GeV
. . ] . N 3F ' PPD 50-90% ReflecTted PbPb 50-90% '
® Depletion vanished when going to high pt<h or &% of | 7 PP Reflectec -
- -g 1E 1 ks &0
peripheral events N a1 T, et 9l | %o
%o y ;-'Juuu..,nunn" oy Ema ey T L L od s mErsiatas oL g L
o jEt side peak (ACI) — T[) reduced due to ]et O :i: arX|v 2507 09307 \‘ Q
quenchlng at hlgh hadron PT S R B B S S R R R R Y 1_11 (I
A¢ A¢ A¢
ch,Z ch,Z ch,Z
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http://arxiv.org/abs/arXiv:2507.09307

Diffusion wake via Z%jets: Ay

arXiv: 2507.09307

CMS Preliminary’"

PbPb

gﬁ%hs.oz TeV 1.67 nb™”' (301 pb™"

Quark (Gluon) E 40<p$<350 GeV 1<p-<.|‘,-h<2 GeV 2<p:h<4 GeV 4<p-‘l3-h<10 GeV
2.4 Z
AN ch — S — B N L |y2|< ’IA¢6h,Z|<2 < PbPb 0-30% Reflected ®- PbPb 0-30%
50 . - === pp Reflected == pp
d({AN_) > F
bk S LA B 4 -
dAy x T - +‘+‘ T =0
ch,Z —0 T Q= —D—I—:,::;:
<] -0.5 n Q O +
~ —
© L | '
“1F
X '‘sa @ + arXiv: 2507.09307
ELun||n||||||||n||l|;|||n|_|_|_L|_|_|_|_L|_|_u__|n|ln|u|u|n|||||_L|_|_u_|_|_|_|_|_|n|n||n| paaa s aalas sl anaalansy Lal 11 Lal
-3 2 -1 0 1 2 3 -3 2 -1 0 1 2 3 -3 2 -1 0 1 2 3
A A A
ych,Z ych,Z ych,Z

® C(lear depletion observed for low pt<h hadrons around Z (/\y ~ 0) in central collisions

® Depletion reduced when going to higher Ay and pr¢ch

) Yaxian MAO

V<) Central China Normal University

UPC2025, | M, 23/11/2025



Comparison of diffusion wake with models

= [ SN 230709501 CMS Preliminary PbPb (pp) 5.02 TeV 1.67 nb" (301 pb’)
a u;rk Gluon . ch | ch
Quark (Gluon) ANCh — S — B 4 F : 40<p <350 GeV 1<p_<2 GeV 2<p_ <4 GeV
- |YZ|<24
N 3[ \
® and -9-6 - + < PbPb 0-30% Reflected
under-predict P 2F + b
. © — - - Hybrid No wake
magnitude at low hadron pr = 1 Jewel v2.2.0
.S E éevlv_eBlTNo recoil
° : < 0F — ;
< o oAbl A5
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with the data NP +*
Q_ —
o “E +-*\ ‘
1B + + AN * O
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o _ES 44 D3
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) | Yaxian MAO ‘
g Central China Normal University UPC2025, [, 23/11/2025 I 9




Comparison of diffusion wake with models

arXiv: 2507.09307

Quark (Gluon) ANCh — S . B

1
N
N e
° and Jev > 0.5
under-predict <
magnitude at low hadron pr -/!i 0
o
O
. , <05
and agree better 33
with the data ~1
S 1
— First direct evidence of |
medium response in QGP f 0
L _{
al
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Comparison of diffusion wake with models

. N arAlv: 290709501 CMS Preliminary PbPb (pp) 5.02 TeV 1.67 nb™' (301 pb’)
“-=—=== - > '
| Quark (Gluon) ANCh — S . B 1 40<p§<4350 GeV - 1<p(1:_h<2 GeV 2<p;h<4 GeV
o T Wl<24 o, i<
o and . ~%0 5 > PbPb 0-30% Reflected
under-predict < . 4
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® : Z = o
<03 __ , o PbPb 0-30% +
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with the data —1 S 7— . ?gxgrgoz%af
CeOVIV_eBT O recol
a |
— First direct evidence of |
S ® Tl Vo v -Tﬁ P W W LS. #ﬂ’:—‘—
medium response in QGP 2 0 = > —— .-
f —1 .
L 32 1012 3 8-=2-10 1 2 3
Statistically hungry measurements - Ay Ay
more to come w/ Run 3 and beyond ch.Z ch,2
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New idea: diffusion wake searching using di-jets

Search diffusion wake using jet-hadron correlations in di-jet events

(a) ( b) ..« no diff. wake

Jet 1 . —— rapidity gap
ANch

; . — no rapidity gap
\/ A
_ 4‘ ‘

Jet 2 \/ Af]

ANch(nogap) - ANch(gap)

PRL 135 (2025) 072302

e Novel method to 1dentify diffusion wake signal from
dijets
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New idea: diffusion wake searching using di-jets

Search diffusion wake using jet-hadron correlations in di-jet events
(a) -« no diff. wake 0_100/0 Pb+Pb

. — rapidity gap
. — no rapidity gap

dNAA dN, pp
dA¢dAn  dA$dAn

ANpp = / dA

l 1] 1 1 I 1 T ] I 1 ] 1 I L] 1 1 ] i I ] 1 1 [ 1 1 I ] 1 I ] ]

AN¢h 601 p?€(1.0,2.0)GeV/c § 3.5;— Bl |Anj | <0.5 Near-side — Away-sideé 3.5

; g 3.0 M |Anj 2| €(0.5,1.0) E 130

4.0 g o5f o 1Al 1.0 - Jos

O 2.05_ ph e (1.0,2.0) GeV/c _ _ 20

- = & Y| | Jis
e 1.0

40.5

______________ —0.0

' I I 1 1 1 1 1 1 1 I 1 1 1 I 1 1 ] 1 1 1 ] 1 1
I L) L T I T T L l T L) T I 1 T T I i I L] Ll T I 1 Ll L] ] Ll T Ll I L 1 T I

g 1.0f - B |Ans|€(0.5,1.0011.0
ANch(nogap) - ANch(gap) 0 -4 DA ¥ o f ] B |An]> 1.0 ]
PRL 135 (2025) 072302 é,é
3
q- =
e Novel method to identify diffusion wake signal from I L S R Aon N én‘ | 'nj;‘g““
- jet =Tlh = Tljet = pp2
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New idea: diffusion wake searching using di-jets

Search diffusion wake using jet-hadron correlations in di-jet events dNaa dNpyp
ANap = | dAG
(a) Y (b) {7 redtvae 0.10% Pb+Pb dA¢dAn  dAgdAn
Jet 1 :: _ no rapidity gap N < e S e
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_ 0.0f +yo Q- 0.0
? Jet2 \/ An > .,:'0'5?}.¢ —— :. — %— — :.} ———— }.¢ — %%'0'5
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PRL 135 (2025) 072302 o () 2-4 GeVic | (b) 2-4 GeV/c -
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o g . | : - arXiv: 2508.04194
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e Background-free — simplifies experimental

dN/dnn(njet, Njet, < 0) — AN/dNn(Njet, Njet, > 0)

S R S S e e 0 1 2
Nh Nh

measurements

) Yaxian MAO

V<) Central China Normal University

UPC2025, | M, 23/11/2025



Diffusion wake search with ALICE

Search diffusion wake using jet-hadron correlations in di-jet events

ALICE pp Vs =5.36 TeV, R=0

PYTHIAS simulations: pp 5.35 TeV o
™\ Ch-patrticle je
pT,leadingjet > 40 GeV/c

San,lc 05,10

dijet

e
et
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Diffusion wake search with ALICE

Search diffusion wake using jet-hadron correlations in di-jet events

" , ] e I ,
g F -
o ALICE pp Vs =5.36 TeV, R=0 = —
PYTHIAS simulations: pp 5.35 TeV o i i
R=02.An..... € (0510 ™ Ch-particle jets;anti-k, In. 1 <0.8-R - A )
» et jet2 ' 1 PTicadingier > 40 GeV/e = L L B
.................... "o ’ &) §_ SE S 0 G /C E i ':.’ i
e K - T e PT,subleadingjet > 20 GeV/c g gote-t = . - IS o ol ':"‘;s-'-',,-,,..,n,.“,w“,-"#f--. ‘ . -
21 e o s pT’trk c (015,20)G€V/C % o e o0 ‘|.ea“di»ngj'et>5'qev./? : | :
§1 0—: ...................... . - - § : 2 O) GeVAI,C 2:_ o ___:
o 1 TN e ;ﬂal N 5 P
87 = ) - -
g‘o .................... g _4__ _—
-0 A ot s o~ 4 L, | | | 1 | | o
................... 15 1 0.5 0 0.5 1 15
............ An (jet-h)
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9 =~ r . (Ang>1.0 4
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2
-1 9 -1.5 |
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3 -1.0F (€) -
b PRL 135 (2025) 072302 1 ¥
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e First attempt on ALICE RUN3 data show interesting behavior!
— Caution: no correction yet and di-jet selection 1s not optimized yet!
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Summary

Enhanced yields and azimuthal broadening of of low-p particles/jets indicate medium response
in the jet direction.

® ATLAS has measured jet-track correlations in y-jet events to investigate possible diffusion wake
sighal

= Small diffusion wake signal in the asymmetric y-jet events (lowest xj,)

® /9-hadron correlations in azimuthal angle and rapidity, measured differentially in p+ and centrality intervals
with CMS

= First direct evidence of medium response in QGP
® Theorists proposed a new rapidity-asymmetry method as diffusion wake search in di-jets

= Motivating further explorations in LHC Runs 3 and 4
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Summary

Enhanced yields and azimuthal broadening of of low-p particles/jets indicate medium response
in the jet direction.

® ATLAS has measured jet-track correlations in y-jet events to investigate possible diffusion wake
sighal

= Small diffusion wake signal in the asymmetric y-jet events (lowest xj,)

® /9-hadron correlations in azimuthal angle and rapidity, measured differentially in p+ and centrality intervals
with CMS

= First direct evidence of medium response in QGP

® Theorists proposed a new rapidity-asymmetry method as diffusion wake searc
T — e, i, -'»"f-.‘.',,_:f".'!"é»"' %

= Motivating further explorations in LHC Runs 3 and 4

Stay tuned! Thank you for your attention!
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