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® when is a probabilistic \
interpretation viable? e

® key effects & concepts

® perspectives & challenges

[disclaimer: devil is often in the details...] AR
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typical pp event [ la PYTHIA, HERWIG, SHERPA]
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MC shower: primer

z, tp,
s /
>

® factorization of PEPE K PE=t 1zt O\
phase-space & splitting

dt d 5
qbdz &—P(z)

t 2m 2w

t =2F,E.(1 —cosf) = z(1 — 2)E=0?

® collinear & soft singularities

® coherence effects (soft)
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DGLAP evolution

to > t1 > te > ... > Adep
® strong ordering in virtuality

® strong ordering in formation time
2w

tf — k2

1

® allows for a probabilistic
Interpretation!
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DGLAP evolution

o >0 >0>...> AQCD
® strong ordering in virtuality

® strong ordering in formation time
2w

tf:ki

® allows for a probabilistic
Interpretation!

Distribution of gluons with mom fraction x and virtuality Q2

et 5[ Eion (2
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Stochastic process

[space like branchlng here.. ]

5t Qs

P(a—b(z)+c(l —z)whent —t+dt) =

tap dfin(x,t) = 5;/ dx'dz g—sP(z)f(

7
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Stochastic process

[space like branchlng here.. ]

5t Qs

P(a—b(z)+c(l —z)whent —t+dt) =

tap dfin(x,t) = 5;/ dx'dz g—sP(z)f(
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: ot T , |
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Stochastic process

[spelace—like branching here.._.]

P(a—b(z)+c(l —z)whent —t+dt) = ﬁ%Pba(z) )

t 27 _, l
0t | L

tap: dfmlet) =5 [ dds SEPESE, 06— o) T[T

27 l l ( ) gr,,
| A -

Sink: 8fotlet) = S 1w ) [ do'd SEPEOGW 20,
0

m iy t o°

1
0f(,t) = 0 fin(w,1) — 0 fout(x,1) = %/0 dz ;—;P(z) (%f(gt)

I

. €6 e ' . TR
* evolution “time” = virtuality PSTEETN
/:\3. J \" .4"""’/ NS
;/‘::: 'i '(.;. ,r'. \
K. Tywoniuk (Lund University) “MCs of jet quenching: an overview” 6 |=|dTNYD-
Ll ; 0, J
\O N S~



Sudakov form factor

tQ dt 1— Zmln(t)
A(tl,tg) — €XP / / dz —P( )

min (£)
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probability of no emission
in [ti,t2] interval



Sudakov form factor

A(ty, ty) = exp /t2 at /1 el % p(s) probability of no emission
o min (£) | in[t),t2] interval
Integral equation:;
dz o ,
f(z,t) :A(to,t)f(a;,to)+/ /_Z&_P r (Z.0)
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Sudakov form factor

/’f2 dt /1 Zmn(t)dz —P( ) probability of no emission

Zmin (1) in [ti,t2] interval

A(tl, tQ) — €XP

Integral equation:;

Fat) = Alto, 1) f(x.to) + / w.0) [ C5iPe) (2.e)
Veto algorithm: A1) = Ry

dicing down a step in

the ladder using two [ o, I=zmin (')
/ e |

random numbers | (t,)dz %P(Z) - o o

NN
A/

IS [ &
V] . \Re ) :
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Coherence effects

® soft gluon radiation

iImplicate large angles

another type of evolution
equation!

in MC: accounted for in an
“average” sense

p (r)

® angular ordering - anias 08
F--®="2 eV<p,<40Ce (a)
® good enough for L |
inclusive & collinear I
Qo HERWIG++ -
observables ok - APeEN  PRD83(2011) -
AL e I
. inter-jet aCtiVity § 1?;_ """"""""""""" P — | —— 1 .
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Coherence effects

® soft gluon radiation | DS N
. . LA Byatin© = 70 ./ \'\
Implicate large angles fle v oo 7
® another type of evolution .-} S N\ Voo
equation! /2 \"
® in MC: accounted for in an b 47 TASSO Z.Phys.C 47 (1990) 187 -
" " |, OPAL Phys, Lett. B 247 (1990) 617
average” sense “Fard < o ot
® angular ordering SEams e
:_ _____ e ly|<2.8 ' (a)
® good enough for L -t )
inclusive & collinear Sl e o
observables LT Areen . PRD83(2011)
oopvtawcos C T :
® inter-jet activity e ‘
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Parton-showers in vacuum

® no reference to space-time
® |arge Nc-limit (planar)

® only closest dipoles can
radiate

® multi-jet and matching
® non-perturbative effects
® color reconnections(!)

® hadronization at Qo

® Lund string model
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Parton-showers in vacuum

® no reference to space-time
® |arge Nc-limit (planar)

® only closest dipoles can
radiate

Tevatron 1960 GeV - Inelastic, Non-Diffractive Pythia 6.416 :

; Charged Particle Multiplicity (generator-level) E ‘ m u It i _j et a n d m atc h i n g

Probability(N,)

® non-perturbative effects
® color reconnections(!)

® hadronization at Qo

® Lund string model

® cluster hadronization

: PN A |
* N\ 1

10 “\\\\\\\\‘\\\\\\\\\‘\\\\\\\ ‘ P |
0

L L ] B
50 100 150 2001
N, (generator-level)
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Parton-showers in vacuum

® probabilistic interpretation
ensured!
® PYTHIA
® virtuality (k.) ordered
(veto on angular ordering)
® HERWIG
® angular ordered




Parton-showers in vacuum

K. Tywoniuk (Lund University)

® probabilistic interpretation
ensured!
® PYTHIA
® virtuality (k.) ordered
(veto on angular ordering)
® HERWIG
® angular ordered

Issues 1N HIC:

* two types of radiation

e dispersion of momentum
* reference to space-time
e .."(un)kown unkowns”
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Models: an overview

[not comprehensive..! well of transport formulations!]

med induced | elastic
e.-loss

HIJING v 4 full generator

PYQUEN v v rough BDMPS

YalJEM v v v mod kinematics
JEWEL1.0 v 4 v mod splitting functions +

kinematics

JEWEL-LPM v ‘exact’ induced radiation
MARTINI 4 4 v rate equations
Q-PYTHIA 4 v vacuum baseline
Q-HERWIG (4 v vacuum baseline

Wang, Gyulassy PRD 44 (1991) 3501, Comput.Phys.Commun. 83 (1994) 307
Lokhtin, Snigirev EPJC 45 (2006) 211, Renk, PRC 78 (2008) 034908,
Ingelman, Rathsman, Stachel, Wiedemann, Zapp EPJC 60 (2009) 617,
Stachel, Wiedemann, Zapp JHEP 1107 (2011) 118,
Schenke, Gale, Jeon PRC 80 (2009) 054913
Armesto, Cunqueiro, Salgado EPJC 61 (2009) 775,
Armesto, Corcella, Cunqueiro, Salgado JHEP 0911 (2009) 122/ = /=
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Standard features

\_

Radiative processes

e )—3 Induced radiation
(Gunion-Bertsch)

e medium-modified
splitting functions
e absorptive reactions

K. Tywoniuk (Lund University) “MCs of jet quenching: an overview”
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Elastic processes

® {ransverse momentum

broadening

e enerqgy transter, drag

of

® Iad

ects

ndomization of color

e pack-reaction




Standard features

\_

Radiative processes

e )—3 Induced radiation
(Gunion-Bertsch)

e medium-modified
splitting functions
e absorptive reactions

J

Elastic processes

® {ransverse momentum
broadening

e enerqgy transter, drag
effects

e randomization of color

e back-reaction

-

What are the typical timescales?

quantum < classical ,
[Boltzman eq., ...] (6]

[pQCD]
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Differences in evolution

t A
Late QCD Courtesy: J. Casalderrey-Solana
| | | \ Shower
| | \
Shower interacts Additional \| Additional Modified
splittings e-loss splittings
T
Early QCD
Shower
MARTINI, Boltzman PYQUEN, I.Vitev T. Renk, JEWEL

Is it reasonable to assume a separation of these processes?

K. Tywoniuk (Lund University) “MCs of jet quenching: an overview” 13 |



Differences in evolution

t A
Late QCD Courtesy: J. Casalderrey-Solana
| | \ | \ I Shower
Shower interacts » . :
Additional Additional  Modified Modified
splittings e-loss splittings propagation
T
Early QCD
Shower
MARTINI, Boltzman PYQUEN, |.Vitev T. Renk, JEWEL

Is it reasonable to assume a separation of these processes?
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Ya]EM

<T' > B Eiq Fiiq Renk, PRC 78 (2008) 034908
o T QF ® modifies PYSHOW

i ® implements space-time
T = ZT}) via formation time
=1 estimate

P(r;) =exp (— 7 /() ® in between splittings
‘ lldr.agll
® “broadening”

® if Q2«AQ?2Z: tfis found
iteratively
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Ya]EM

<T' > B Eiq Fiiq Renk, PRC 78 (2008) 034908
o T QF ® modifies PYSHOW

i ® implements space-time
T = ZT}) via formation time
=1 estimate

P(r;) =exp (— 7 /() ® in between splittings

‘ lldragll
T,?—i_TZ 1 . n
AQ7 = /O d¢ §(&) ® “broadening
b ® if Q2«AQ2 tr is found
AFE; :/ d¢ Dp(€) iteratively

§(&) = 2K £(£)*/* [ cosh p(&) — sinh p(§) cos )]
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Path-dependence

® many modes ol ~ ndomed Tt e
ength dependent Q
® RAD: only radiative — sl ~ const.L’ _
3 |
® DRAG: only drag B |

® F\VIED: enhanced
singularity in vacuum

. . . 15
splitting function +_
10 - - I - >-h
® ASW: ? ':;tlllju,niAQ%:m GeV’
8 et 1 O 1
® YaJEM-D: enhanced | _
path-length dependence :© |
4+ \ -
[dynamical cut-off Qo = E Al \\ T TEHN
T s [ A\
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Q-PYTHIA

AN  dN™?  q, P(z)
dzdk?  dzdk® 21 K2

K. Tywoniuk (Lund University) “MCs of jet quenching: an overview”
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Salgado EPJC 61 (2009) 775



Q-PYTHIA

med
dN _dN s P(z) Salgado EPJC 61 (2009) 775

Armesto, Cunqueiro,

dzdk? ~ dzdk?

® define a medium-modified

splitting function

® showering a la DGLAP as

implemented in PYTH
® also as Q-HERWIG
® similar in spirit to HT

b2 dt
A(tl, tg) —exp 4 — / /
t1

K. Tywoniuk (Lund University) “MCs

27 ki
E=10 GeV

Probablllty of no emission between t _ =E°=10” GeV” and t

09:_Ilnes/markers with/without Iarge x correct.
o'sé_upperllower curves: quarks/gluons
Et_ =2t =2 GeV? L=2fm
0.7
- red: qL=10 GeV?
0.6:—
|A 0.5[ N
- black: qL=0
0.4:—
o.3§—
0_22_ ...........
0_12 ......................
: g N
10 (GeV?) 102
1— Zmln(t)
g
dz —|P(2) + AP(2)| ¢
; 27
mln( ) ‘,
of jet quenching: an overview” 16 | = PN
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Some motivation

Armesto, Cunqueiro, Salgado, Xiang JHEP 0802 (2008) 048

® neglecting ordering in §r v—
virtuality: back to % o
- s 1=
gquenching weights! ok

tijlE

d Jed 10'3;
= poZH / dw; / dk, ; dodk L. (6 Z ) 10-4% Q?=1600 GeV>

n=1 =1 Jj=1 50 : :
10°F  Dashed - Quenching weights

]med -GEJ N
Po — €XPp [ /dW/ko_dwko_] 10 -

d
D(x,t) >~ py D" (z, 1) —I—/ 1 ‘ p(e) DY (1

X
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Some motivation

Armesto, Cunqueiro, Salgado, Xiang JHEP 0802 (2008) 048

® neglecting ordering in §f Gt GoViim; L6 fm
virtuality: back to 50 Ea
. : 1= .
quenching weights! o
102F
oo n med n Wi -3;_
p(e) —po;il_[l/dwi/dkg dfzfdkﬂa (E;E> :z4€ Q’=1600 GeV?

10°:  Dashed - Quenching weights

_ /d /dk arm o L
o= =0 “ ) T dwdk 10 1

de x
D(x,t) >~ po D" (x,t DY° t
(2.0) = D™ (at) + [ {5 p(0 D™ (0]

Underlying: medium-rad small correction to
virtuality-driven evolution
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d hadronld%

Selected results

—
= % 'F hardest jet distributi
_ o = L 3 [ hardest jet distribution
_hardest jet distribution — vacuum 5 hardest jet distribution _ .., g =04 — vacuum
L =04 —— Bjorken model E R=04 —— Bjorken model E B —— Bjorken model
A —— 3D hydro S 6 —— 3D hydro o 3 —— 3D hydro
3 I 102
_ i :
21— B 10'35—
A I 10'45—
L1l ‘ L1 ‘ L1 Il 0llll|llll‘llll‘llll‘llll‘llll‘llll‘llll‘llll‘llll 10'5lllllll‘lll‘lll‘lll‘lll‘lll‘lll‘lll‘lll
05 1 15 2 25 3 35 ?E5 5 .05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 2 4 6 8 10 12 14 16 18 20
€ =log(E_/k) 6 = acos(k /k) K,

® inter-jet distributions

® effects of expanding medium on jet quenching .

K. Tywoniuk (Lund University) “MCs of jet quenching: an overview” 18 | | v



=
< 4L PbPb 2.76TeV ptgen = 70 GeV <45 [PbPb 2.76TeV ptgen = 70 GeV
= - O = L A
% : A¢>-2n/3 E - Etmin =1 GeV . R R>08
> — Etmin =1 GeV © 4 — Et1 = 120 GeV i % 40 [pP 2.76ATeV ptgen = 70 GeV
3.5 Et1 = 120 GeV € Et2 = 30 GeV % e r =8 GeV? fm’
: - ; . [ | 05-1.0Ge
Col Et2 = 30 GeV 3.5 R =0.3, Rbkg = 0.4 ¢ 85 |0 1.0-2.0Gev
3 R =0.3, Rbkg = 0.4 B T =0.9, mult = 2100 — - E i.g - g.g gez
LT T = 0.9, mult = 2100 - FastJet bkg sub 1 %0F | mmmsscev
- L FastJet bkg sub 3| q=0GeV? fm™ -
2.5 S S it q=0GeV?fm™ E _____ § =4 GeV? fm" 25
SRR O = S §=4 GeV? fm" 2.5 | —— §=8GeV2fm" ] sk
ol == —— q=8 GeV?fm" - | —+— CMS data -
SR “ —4— CMS data ol | — CMs MC 150
ne - g
1.5 - 10(
B 1.5_— C
- - 5
1_ —
] 1— 0
05__ : - \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
T 0'5__ 0O 005 0.1 015 0.2 025 03 035 04 045 0.5
- - AJ
0_ [ 0_ |‘| I
0 0.2 0.6 0.8 1 0 0.5 1 1.5 2.5 3

Dijet asymmetry

A ¢ (rad)

® embeddedJ in background (PSM)

Apollinario, Armesto, Cunqueiro

‘ Versatile tOOI arXiv:1207.6587
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A local implementation ot LPM

Stachel, Wiedemann, Zapp PRL 103 (2009) 152302,
JHEP 1107 (2011) 118

® medium-induced radiation:
longitudinal coherence

® probabilistic picture interpolating
between known limits

!
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A local implementation ot LPM

Stachel, Wiedemann, Zapp PRL 103 (2009) 152302,
JHEP 1107 (2011) 118

® medium-induced radiation:
longitudinal coherence

® probabilistic picture interpolating
between known limits

N Cr|A(Q)? 2k- k
d :CVCR‘ (q)| q)QnO/dt<1—COS

Ydodkd’q 7 (27)° Ki(k—gq
|
M W= dw
:I I

Tr = T}/cj Brownian

motion

!
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A local implementation ot LPM

Stachel, Wiedemann, Zapp PRL 103 (2009) 152302,
JHEP 1107 (2011) 118

® medium-induced radiation:
longitudinal coherence

® probabilistic picture interpolating
between known limits

AN aCrlA@I 2k-q /dt e (B
dod?kd?q ~— w2 (21)2 K2(k—q)%

|
d*q s asCx m? b2 = 7o |

Vi = / A(q)? = / P2q—"TD F=
tot (27)2 T (g% + m*%,)? o :

Tr = T}/cj Brownian

motion
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A local implementation ot LPM

Stachel, Wiedemann, Zapp PRL 103 (2009) 152302,
JHEP 1107 (2011) 118

® medium-induced radiation: \ S
longitudinal coherence

® probabilistic picture interpolating ) = o
between known limits k) /J

AN aCrlA@I 2k-q /dt e (B
dod?kd?q ~— w2 (21)2 K2(k—q)%

d’q o agsCy m?
Vi = / A(q)? = / P2q—"TD
ot (27)2 0 (g% +mp)? -

) A Brownian
T = (ywW/(q .
/ \/7 motion
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Two illustrative limits

AN L)

— 0
Y dwd?kd2q

Coherent limit: [, « t;l)
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Two illustrative limits

L AN L)
Coherent limit: I, « & W —0
Sty dwd?kd?q
Incoherent limit: I > t;l)
dN 1) o C 1
iR = e @y D] 1@ [R(k.q) + H(k - q)
~ Viord(a)H (k) |

SR

[/ .,/| ,(.':"hf" e
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Two illustrative limits

L AN L)
herent limit: (1) -
Coherent UL <t Y ok "

Incoherent limit: I > t(l)
A

T

dN(l) o C 1
= =k noL A(q)] 2 [R(k,q) + H(k — q)]

dwdzde 2 (27T)
~Vid(@)H (k) }
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Two illustrative limits

L AN L)
herent limit: (1) =
Coherent UL <t Y ok "

Incoherent limit: I > t(l)
TN SN

i i i S

_ nOL A(q)|* [R(k,q) + H(k — q)]

dwdzde 2 (27T)
~ Vid (@) H (k)|
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Two illustrative limits

L AN L)
herent limit: (1) =
Coherent UL <t Y olkdrg ~°

Incoherent I|m|t L > t(l)

dN(l) CMSCR 1 '

2
T (%) noL A(Q)|” [R(k,q) + H(k — q)]

Conservation of probability! 4_ th(s(q) (k)}]

l
)
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Two illustrative limits

L AN L)
herent limit: (1) =
Coherent UL <t Y olkdrg ~°

Incoherent limit: [ > t(l)
o R

- Tf

dN(l) CMSCR 1 '

Cdwdkd?q ~ 72 (21)2 ’”JOLJ A(q)] 2 [i?(k .q) + H(k—q)]
Conservation of probability! 4_ %Otcs(q)H(k)D
Resummed form factor: 5, = €xp [ — nOL%ot]
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MC implementation

® neglecting final-state rescattering of vacuum
radiation

® equivalent to radiation off asymptotic charge

® perfectly ok for w dN/dw

® rescattering of induced radiation included in
R(k+ > Qrescat , quduced)

® veto radiation that hasn’t been formed inside
the medium (qualitative guidance)

® dynamical determination of ts

® numerical simplification: R(k,q) ~d(k—q) "o

K. Tywoniuk (Lund University) “MCs of jet quenching: an overview” 22 | =1 X !



Space-time propagation

® define mean path lengths for
rescattering and radiation

® emitter scatters only inelastically,

“emitee” scatters only elastically

1 1
)\el = )\inel =

no Viot NoTinel
)\el < )\inel
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dpace-time propagation

® define mean path lengths for
rescattering and radiation

® emitter scatters only inelastically,

“emitee” scatters only elastically
1
)\el = )\inel = !

no Viot NoTinel
)\el < )\inel

s = 2258 [ dudh d2q2 A(q) = R(k.q) J§+M+§
| m / /(27T) D q<\ >§< J
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dpace-time propagation

® define mean path lengths for
rescattering and radiation

® emitter scatters only inelastically,

“emitee” scatters only elastically
1
)\el = )\inel = !

no Viot NoTinel
)\el < )\inel

s = 2258 [ dudh d2q2 A(q) = R(k.q) J§+M+§
| m / /(27T) D q<\ >§< J

SEVNL) = exp (= L/Agnye)

no
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Subtleties due to coherence

=0.1fm, L =1.3fm

inel

® t: establishes a “zone”

for emission

® tr>» L: elastic re-
scatterings can take »
place along the o
whole (not

remaining) path

0.01

1e-06

— BDMPS (incoherent limit)
— — MC (incoherent limit)
—— BDMPS (totally coh. limit) | |
— — MC (totally coh. limit)

® by (Ns)-

(Ng" ") (Ns) = Ny (Ng*")(Ns)
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MC algorithm
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O coherent re-scattering with prob 1-Sel,o(min(ts,Lg)) at
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® determine position of (next) inelastic scattering: 1-Sinel, ,(L-E)

® trial gluon is produced (remaining trial path length is Lg=L!)

O w,k. generated according to w-" and |A(k.)|? - gives trial ts
O coherent re-scattering with prob 1-Sel,o(min(ts,Lg)) at
distance AL according to Selno(AL)/Ael

® update remaining path length Ly to Lg- AL
® update tsto tr + AL k. 22w
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production point in a box with size tf around &

MC algorithm

K. Tywoniuk (Lund University) “MCs of jet quenching: an overview” 25




® determine position of (next) inelastic scattering: 1-Sinel, ,(L-E)

® trial gluon is produced (remaining trial path length is Lg=L!)

O w,k. generated according to w-" and |A(k.)|? - gives trial ts
O coherent re-scattering with prob 1-Sel,o(min(ts,Lg)) at
distance AL according to Selno(AL)/Ael

® update remaining path length Ly to Lg- AL

® update tsto tr + AL k. 22w

® find momentum transfer according to |A(q.)|? and
update k,

® ... continue until no further re-scattering is found
O accept gluon with prob Ns' and determine a random
production point in a box with size tf around &
O propagate further to find remaining elastic scatteri

MC algorithm
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Limit: BDMPS-Z spectrum

® “BDMPS-Z scenario”

Aq2—>Aq2@2m —q
® only soft scattering Alg) Aa)l” O2mp ~ g)

A, =0.1fm, A_=0.01fm, p=0.2GeV, ®_ =100 GeV
® only projectile is allowed w0 g~
to radiate

Multiple soft scattering limit

® spectrum is nicely reproduced o
with applied approximations

0.0001}

® allows to go beyond!

1le-06 - —

dIl  2a5CRr <( VWwe/2w for w < we
= 1 [ we 2

Yo n 1 (<) for w > w,
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Vacuum- medlum interface

Courtesy: Y. Mehtar-Tani

® bremsstrahlung is treated quite
differently in the various codes

® scparation of scales at LHC!
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Vacuum- medlum interface

Courtesy: Y. Mehtar-Tani

® bremsstrahlung is treated quite
differently in the various codes

® separation of scales at LHC!
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(suidance from the antenna

One emitter Two emitters

1/Qs
1/Qs < >

—
® [
Courtesy: J. Casalderrey-Solana

nower transverse size < 1/Qs = radiation as a single parton

nower transverse size > 1/Qs = radiation as a independent partons

Genuine pQCD effect: color transparency
[tunneling]
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An important point...

Beraudo, Milhano, Wiedemann JHEP 1207 (2012) 144

Leading string

high—pT quark :

Medium
1 Nucleus 1

1

1 Nucleus 1

1 5,
1 “, Subleading string
hard process  *.,
hard process . Nucleus 2 o,
. Nucleus 2 g
! i 1 .......

11?/ /

In the case of AA collisions a naive convolution

Parton Energy loss ® Vacuum Fragmentation

without accounting for the modified color-flow would result into a

too hard hadron spectrum: fitting the experimental amount of
quenching would require an overestimate of the energy loss at the

tonic level; Z
Partonic T&VEL Andrea Beraudo, Hard Probes 2012 (/o |

K. Tywoniuk (Lund University) “MCs of jet quenching: an overview” .



MC prospects

® versatile tools vs. detailed descriptions

® exact kinematics

® conservation of energy-momentum

® track all particles

® implement ‘advanced’ space-time picture

® evolution of energy-density, flow fields

® must be checked against well-controlled limits!
® extensions beyond theory

® recoil/back-reaction: source terms
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MC prospects -

® versatile tools vs. detailed descriptions ] t

® exact kinematics

12 fm

® conservation of energy-momentum

® track all particles—
® implement ‘advanced’ space-time picture "= "
® evolution of energy-density, flow fields

® must be checked against well-controlled limits!
® extensions beyond theory

® recoil/back-reaction: source terms

the “truth’ is out there...
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Outlook

® generic features: energy loss & softening
® how robust are the experimental signals to:

® collisional (drag), radiative, collimation
(broadening), NLO, non-perturbative
(hadronization)........

® how to get a handle?

® do we need to rethink approach to the
problem?
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