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Jet binning & jet vetoes, pls* < pStt, ...
¢ Reduce backgrounds, increase sensitivity to production channels

... with a jet rapidity cut, njet < Mcut
¢ Pile-up hinders jet reconstruction at forward rapidities and small pj;t

cut

» Realistically the veto is loosened to ﬁ:}“t > ptt for Miet > Neut
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Question:  Can we quantify the impact of ncute, P77
Can we systematically incorporate it into resummed predictions?
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No Veto Beyond the Rapidity Cut
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Standard jet veto resummation: p3** > Qe "

e Standard jet veto resummation
assumes 7Neyt = 00

[Banfi, Monni, Salam, Zanderighi '12]
[Becher, Neubert, Rothen "12, ’13]
[Stewart, Tackmann, Walsh, Zuberi 12, ’13]
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Standard jet veto resummation: p3** > Qe "

715 B e e . .
0-23¢ 1« Standard jet veto resummation
0.2 = asSSUMESs 7)cyt = 0O
3 ] [Banfi, Monni, Salam, Zanderighi '12]
g 0151 Teut E [Becher, Neubert, Rothen 12, ’13]
S o li E [Stewart, Tackmann, Walsh, Zuberi 12, ’13]
g o 1 o Energetic emissions (E ~ Q)
0'05? E with 2 ncut have
Covcnnnc boncccn beccdnn b e 3
00 1 5 s s pr ~ Ee™" < Qe Meut
n » New scale for finite 1cut
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Standard jet veto resummation: p3** > Qe "

0.25 [ T T T T T T T T T . .
Qe ) @ collinear 1 ° Standard jet veto resummation
02F0———@----! © soft = assSuUmes 7Ncut = 00
F ] [Banfi, Monni, Salam, Zanderighi '12]
g 0-15F Teut E [Becher, Neubert, Rothen 12, ’13]
S o 1:* E [Stewart, Tackmann, Walsh, Zuberi 12, ’13]
trivial measurement e E ¢ Epergetlc emissions (E ~ Q)
at p ~ Qe Meut 1 with 2 ncut have
b g 1ol _ _
% 1 2 3 4 pr ~ Ee™ < Qe e
n » New scale for finite 1cut

Gﬂ(p;‘Uta ncut) = n(‘}) X By (wa,p‘:“t R) X Bb(wb,pCUt R) X S, (I)(,ut R)
pCllt Qe TMNecut
1 + O( T R2 s ) I'I,g (w,p;ut’ R) ® f]j

Q DPr
Q —MNcut
o)

» Standard jet veto resummation works, up to (’)( s
bt

4.5  125GeVe Teu {6%

¢ Naive power counting: ncus = =
P 9: Meut {2.5 25 GeV 41%

2/11
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Neut dependent beam functions: pi™ ~ Qe e

0.25 ‘ rrprr T cut
: @ collinear 1 UO(pT 77’cut)
0.2 @ soft -
i . = H.(®)
0.15F = t
Q [ :ncut ] X Ba(waa P%u ancutaR)
5‘ 01:* pCT“t/QNe_"m : *: cut
: =@ . X Bb(wbapT 777cutaR)
0.05 e - X S ( cut )
P ST TTTTITTTI I AT O v Cut
0 1 2 3 4 [1—1—(’)( . R2, —ncut)]
n Q

e Absorb the 1.4 dependence into an additive correction:
we Tcut
Iij ("‘-’7 p%Uta Neuts 12y 1y V) = Iij (w, p’_(;"Ut7 R, p, V) + AIij (W’ R)
T
o Calculated all AZ;; at O(a), O(a?In R)

« Useful: factorizing the o? In R piece into

primary emission ® semi-inclusive jet function
[Kang, Ringer, Vitev '16]
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News dependent beam functions: pi'* ~ Qe

.25 1
I cut
F : @ collinear UO(pT 77’cut)
0.2 | @ soft - o
: ! T = H.(9)
[ 1 ]
0.15 1 - cut
% r | Tleus ] X Ba(waapT s Tlcut R)
L cut —Teut J
Y L Pr /Q"’e 1 J
0.1 cut
=@ 3 X Bb(wbapT 777cutaR)
r e " |
005: 7 X S ( cut )
P ST TTTTITTTI I AT O v Cut
0 1 2 3 4 [1—1—(’)( . R2, —ncut)]
n
1003 I e e e A RmARS
F g9 — H (13 TeV) 4 Lo _ g9 — H (13 TeV)
ok YBFT, my = 125Gev | 100% S0l =00) ippr by = 195 Gov
) [ sing(1ewt = 00) Py =25GeV 1 2 P T~ Mot =25 -
- e B8 10 ¢ +
) L ino - ) E full(neut) E
g 10 siogular 3 2 b _sing(co) I
= [ ] © t ]
~ ~
g ] 5 1F -
© | ... difference | o E 3
e L
1 0.1
1 2 3 4 5 1 10 10°
Mecut Tc't[GeV]
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News dependent beam functions: pi'* ~ Qe

.25 1
[ 1 ] cut
r : @ collinear A 0o (pT ) ncut)
0.2~ | @ soft -
F 1 ] = H,(®)
[ 1 ]
0.15 1 - cut
% r : Neut b X Ba (waa pT s Tlcut s R)
S F p;glt/Q ~ @ Meut H E
0.1 cut
=@ 3 X By (wba Pr s Ncuts R)
0.05} e 5 X S ( cut )
P ST TTTTITTTI I AT O v Cut
0 1 2 3 4 [1 + (’)( . R2, —ncut)]
n
1003 I e e e A RmARS
F g9 — H (13 TeV) 4 100& g9 — H (13 TeV)
. L rEFT, my = 125GeV . E rEFT, myg = 125 Ge
L et ] E
) [ Sing(eu = 00) pp = 25GeV 1 2 - Neut = 2.5 e
8¢ [RIITTTTTTTT oo o====- 25 10F -
E‘ 10 singular o —g' E singular E
s f 1 = F ]
~ r ] ~ Y
e L ] ) 1 ‘,l 3
° | ... difference | © E W E
L " nonsingular :: full NLO ]
1 PRI R N SR S B SR N 0.1~ | LA | LN
1 2 3 4 5 1 10 100 103
Mecut ;t [GeV]
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Refactorization for tight vetoes: p** < Qe ™"

.25 [T . .
E U @ collinene | ® Soft-collinear and collinear modes
0.2F | @csoft have the same angular resolution,
t 1 @ soft i H PP
3 | ONGLs ] but different energies:
[« 0.15¢ : 1 cut 7cut
<> B | Teut 1 pPr e <LQ
& 0af A s
i o 7 > Intrmswnonglobal structure
0.05F pSt/Q < e et ! ) e " J 0 Smmmmmm o e
Lot / vy 7 e Analogous to a narrow jet with
P T P AT ST B my Np%Rand an outside veto
0 1 2 3 4 [Kolodrubetz, Pietrulewicz, Stewart, Tackmann,
n Waalewijn '16: “Regime 3”]

B; (w’ p:crut’ TMcut R) = Bgcm) (we_ncm) X SIL(CUt) (PCTM; Tcuty R)

cut

1+BgNG>(p§~‘“,R)]‘x 1ro( )]

we_ncut

[Hornig, Kang, Makris, Mehen 17 — talk by Y. Makris]

o Calculated B{°"", 5{"") at O(«,) (agrees with Hornig et al.) and O(a? In R)
» Going beyond LL would require an all-order treatment of| NGst

[Hatta, Ueda; Caron-Huot; Larkoski, Moult, Neill; Becher, Neubert, Rothen, Shao '13-16]
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Refactorization for tight vetoes: p** < Qe ™"

.25 . .
E i ‘Co]]ine;r 1 e Soft-collinear and collinear modes
0.2 | @ csoft ] have the same angular resolution,
g S but different energies:
] 0.150 : ) B cut 7cut
= g j Meut ] P € <LQ
& 0.1fF AL s e
F I g ] Intrmswnonglobal structure
0'05; pC“t Q & e Meut I | e " J ST oo o s s s
Lot / vy 7 e Analogous to a narrow jet with
P T P AT ST B my Np%Rand an outside veto
0 1 2 3 4 [Kolodrubetz, Pietrulewicz, Stewart, Tackmann,
n Waalewijn '16: “Regime 3”]
g T 100¢ T g
g9 — H (13TeV) = E gg— X (13TeV) 3
—. 100 rEFT, myg =125 GeV - =) [ mx=A=1TeV ]
2 E = 3 o L = .
2 2 Neut = 2.5 ot & Qe E = Neut = 2.5 pget L Qe
B F ====-----------oneeE O 10p—=====cz--------- ST
—% r  full singular q >~ £ full singular
S 10 = T .
? E difference ..~ E = [ difference .-~
< F /Z z L
L A 1k
b E
oo 1 o Eoo
0.1 1 10 100 1 10 100
i [GeV) i [GeV]
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Summary: no veto beyond the rapidity cut

0.25 prerrrrer g T T
F P /Q > e @ collinear 1
0.27.—.————: @ csoft —
r 1 @ soft 1
F I ()NGLs 1
0)0.155 1 -
\& [ cut _ :"cut ]
& ga1f Pr/Qre™ =
E_' cut — \/ ! n E
0.05- pPr/Q<e™ | | e ]
= ! -
| T FEh T P N

0 1 2 3 4

n

e Standard setup receives corrections

o)

e Can seamlessly™ incorporate these
into the beam function
*at the cost of a more involved measurement

« Refactorization for p5** < Qe ™ "=
mostly irrelevant for realistic vetoes

» Use these ingredients as building blocks for the step-like veto

Note: pCT“t ~ Qe ">t is relevant for Higgs analyses, if ¢yt = 2.5

e Our setup in this regime differs from the one of Hornig et al.

» Can describe this regime without having to think about NGLs

Johannes Michel (DESY Hamburg) Jet Vetoes with a Jet Rapidity Cut SCET Workshop, March 19, 2018



Step-like Jet Vetoes

60 T T T T
MNeut i
— g q Pr
= 40F signal jet
S Pt
..‘lb.[q 20 4
no jet
|
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Collinear resolves the step: py*

.25 1 cut ~cut
F Neut @ collinear 1 UO(pT s Pr ’TICUt)
0.2 @ soft E
r ] = K:((P)
0.15 7 cut ~cut
% F O~ pit X Ba(waapT s P ancutaR)
D. r cut et M _ —]
0.1 pr/Q ~e cut ~cut
E . ] X Bb(wb,pT s P s Neut» R)
0.05 e’ . cut
E ] X S,{,(pT , R)
Covnnnc b bl | N cut ~cut

0 1 2 3 4 X

ol )

o Direct extension of 7.4 dependent beam functions (E)
o AtO(as;) and O(a?In R):

AIij (w7 P;ut 9 ﬁ;*lm7 Tlcut s R) = + AI’L] (wa p%Uta Tlcut s R)
- AI’LJ (wa ﬁ%lma Tcut R)

(This measurement decomposition does not hold for the full two-loop piece.)
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do /dIn [pr f(n)]jet [Pb]

0.25 [rrer ey
F @ collinear 1
0.2~ Teut @ soft -
0.15F E
g B ~ppt ]
0.1 PM/Q~e ™ M8 ———————- =
0.05) e A
P ST T ST N v
0 1 2 3 4
n
100 g
gg — H (13TeV) 7
rEFT, myg = 125GeV
[pr £ (M)]jet = 25GeV, p=2 1
10 singular sing(p=1) 5
| difference 1
[ | | IR R S SR R
1 2 3 4 5
Mecut

annes Michel (DESY Hamburg)

Jet Vetoes with a Jet Rapidity Cut

do/dIn [pr f(n)ljet [Pb]

cut ~cut

0o (pT s P s ncut)

= H,(®)

X B (waa pCUt’ ﬁg“Uta Tcut R)

cut ~cut

X Bb(wbap s P 7ncutaR)
X S ( cut )

cut pcut
x |1+ 0(PL-, P Rzﬂ
Q’Q
—
100> g9 — H (13 TeV) B

rEFT, mpg = 125 GeV3
P =2 Neut = 2.5 -

T

/

e

10 E
1e 3
E . | 3
L “nonsingular §! full NLO ]
0.1 el I Hltn\ LN
1 10 100 10%
[pr £ (1))jet [GeV]
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Refactorization for a tight central veto: p

cut << pcut

0.25 [ e 0.25 [T e e
[ @ collinear e ] F - @ collinear 1
0.2F @ csoft et . 0.2F . et @ csoft
I @ soft . B E @ soft E
L O} S Hw ~ e Meut | L IS} +Ls N
o 0.15- () NGLs PR pr/Q~e 1 o 0.15[ {) NGLs E
SO P 9 X 1
S 0'1} ‘r " E & 0.1} c“t ~ ﬁ%ut/Q<e—ncuz {
L cu"/Q KLe ! e ] F /Q <Ke WNT/ _________ =
F e Meut g ] i cut ~cut ! 1
0.055 \ | 4 0.05F Pr <Pr | ! =
/ ] ]
:_.—‘$/ ] r 4 ]
0\\\\\\\\\‘\\\\\\\\\HHHH\‘HHH\H‘HH O\HHHH‘HHHH\HHHH\‘HHH\H‘HH
0 1 2 3 4 0 1 2 3 4
n n
(cut) — ~cut ~cut
Bl (we ncut’pT ) B( )
(cut) /_cut (Cut) cut
X S’] ( DPr 7nc11taR) S (pT s Mlcut s R)
T cut cut 7 ) (Cllt) ~cut
X: 1 +B(NG)( Pr Pr R) : S ( Pt 5 Tlcut R)
1 * we—Meur” peut’ J‘ ("""El;g)"i);‘ 7777777 !
Lo T FT 4 I |
X: 1+S7' <~cut’R):|
\ T !

» INGLs entangle collinear

and soft-collinear contributions

Johannes Michel (DESY Hamburg)

» INGLs within soft-collinear sector

Jet Vetoes with a Jet Rapidity Cut

SCET Workshop, March 19, 2018

7/11



CSoft resolves the step: p5* ~ p3t* < Qe

0.25 [ T T T T T T T T TE.IOOE T R e AL
F Newy @ collinear ] o E 99 — X (13TeV) ]
0.2F ., @ csoft — = t i " mx =A=1TeV |
E e ® soft 1 o collinear step ;= o 95 ]
L , ~
o 0.150 = % 10¢ 3
= : ] G- -
& 0.1 - ": r .
F P /Q & e pcut"‘pc“tz & [ difference ...
o.05- """ " fB—@------ =] & I
] z £ .
P FE T ST P N S L el Ll
0 1 2 3 4 1 10 100 103
n [pr £ (m)]jer [GeV]
» Soft-collinear function S, (p5"", B3, 7w, 12), computed to O (a? In R)

o vs = \/pstpsuteteut resums all logs of pt /Qe” "< and pFt / Qe e

e Full two-loop &S; could be obtained by numerical calculation with Soft SERVE
[Bell, Rahn, Talbert — see talk by G. Bell on Wednesday]

e All other ingredients are already known to NNLL’, regime is
e Can also infer presence of S; from consistency:

p-cut pcut
- 2"‘,’u,B = 4Fcusp In % # 4Fcusp In % = Yv,S

Johannes Michel (DESY Hamburg) Jet Vetoes with a Jet Rapidity Cut SCET Workshop, March 19, 2018



el (DESY Hamburg) Jet Vetoes with a Jet Rapidity SCET Workshop, March 19.



Comparing different treatments of the rapidity cut

Qe Ment [GeV] Qe et [GEV]

0 2 4 6 8 10 12 14 16 0O 20 40 60 80 100 120
T S AN L0E T T T
350 = g

a E = — 8F
£ C E
30F = o CE e
- 3 R E e
2 25§ E S}
S 205 EREC R :
'55 15F gg — H (13 TeV) E £ 45 g9 X (13TeV) 3
= 10; rEFT e NLO (Deut) E 3., EA=1TV - NLO(neut)
N E mpy = 125 GeVESS NLL'(9cyt) +NLO (ncut H & 28 mx=1TeV = NLL (cut) +NLO(neutH]
5F pf* =30GeV == NLL'(00)+NLO(7cut) ] § [ P =50GeV ==: NLL'(00)+NLO(cur) 3
ofb b b L 3 05 [TTTE B R R
45 35 3 2.5 2 45 35 3 2.5 2
Meut TMecut

o NLL (Dcut) +NLO(ncut ) USE meut dependent beam functions (E)

e Same RG structure as for eyt = oo ()

» Use known profile-scale setup to estimate resummation uncertainties™
[Stewart, Tackmann, Walsh, Zuberi ’13]
*Fixed-order results use ST uncertainties [Stewart, Tackmann '11]

« Total uncertainty estimate is A7, = A% (+A%) 4+ A2

tot res
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Comparing different treatments of the rapidity cut

Qe*ncm [GeV] Qe*ncm [GEV]

14 2 4 6 8 10 12 N 140 2 4 6 8 10 12
=" 1.3 = =" 1.3
H3 — E I E
Sr2p e = & 1.2F
€ 11/‘__—-——- LT S ——
) E E ) F
= 1F = >~ 1 3
& 0.95 pp - Z/7" — £¢ (13TeV) = £ 0.9F pp— Z/v" — £~ (13TeV) =
208l Q@=mz e NLO(cut) E L" o8t @=mz NLO (feut) E
& TUF PP =20GeV EE NLL(1jeut) +NLO (neut )] & U PP =30GeV EEE NLL(1)eut) +NLO(ncuc ]
E 0.7? ——-NLL’(oo)-‘—NLO('rIcut)E \;5 0.7; ——-NLL’(oc:)+NLO(nm)*E
S 0.6- b b b Ly . = < 0.6° b b b e | =

© 4.5 35 3 2.5 2 w045 3.5 3 2.5 2

MNecut Meut

NLL" (neut ) +NLO(neut) USE 1t dependent beam functions (E)

e Same RG structure as for eyt = oo ()

Use known profile-scale setup to estimate resummation uncertainties™
[Stewart, Tackmann, Walsh, Zuberi ’13]
*Fixed-order results use ST uncertainties [Stewart, Tackmann '11]

« Total uncertainty estimate is A7, = A% (+A%) 4+ A2

tot res

v
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NLL’" predictions for finite 1cus:

cut’ ncut) [pb]

oo (P’

TNcut

T T T T
g9 — H (13 TeV)
rEFT, my = 125 GeV

—
g9 — H (13 TeV)
rEFT, my = 125 GeV
NLL'+NLO

NLL'+NLO
|| Neut = 2.5
B Neuy = 45
Neut = OO

800 (PF, Meut) [%]

15 20 2530 40 50 70 100 15 20 2530 40 50 70 100
P [GeV] P [GeV]

o0 (PF, Neus) [PB], g9 — H (13 TeV), rEFT, my = 125 GeV
pt = 25 GeV pt = 30 GeV

2.5
4.5

25.943.7,,+1.5,+5.0c0s (24.7%)  28.6+3.9,+1.6,44.5,c5 (21.5%)
22.04£2.0,+1.0,42.7pes (16.0%)  25.242.2,, 1.2, 42.7rcs (14.6%)
21.841.8, 1.0, +2.610s (15.4%)  25.14£2.1,+1.1,42.6,cs (14.2%)
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NLL’" predictions for finite 1.u:: gluon fusion

a,o(p%ut’ ncut)/lc)(lz [pb]

Tcut

g9 — X (13TeV)
A=mx =1TeV

NLL'+NLO
B neut = 2.5
== Neut = 4.5

T I S B e B —
g9 — X (13 TeV)
A=mx =1TeV

NLL'+NLO

MNeut = OO

800 (PF, Meut) [%]

15 20 2530 40 50 70 100 10 15 20 2530 40 50 70 100
P [GeV] P [GeV]

o0 (PT", Neut) /|Cx|* [pb], gg — X (13 TeV), A = mx = 1 TeV
Pt = 50 GeV pt = 100 GeV

2.5
4.5

3.640.7,+0.2,40.9,cs (33.9%)  5.540.8,40.2, 1.2, (26.8%)
2.840.4,+0.1,40.4,cs (21.3%)  4.740.5,40.1,40.7,cs (19.0%)
2.740.4,40.1,4+0.4,c (20.7%)  4.740.5,4+0.1,40.7,c (18.9%)
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dao(pF, Ncut) /dQ [pPb/GeV]

predictions for finite n..:: Drell-Yan

I I I - rrrrrT
pp — Z/y* — €14~ (13 TeV)
Q=mgz

: T R R REREs
pp — Z/v* — €74~ (13 TeV)
Q=mgz

NLL'+NLO
B ewt = 2.5

NLL’+NLO
B neut = 2.5

Neut = OO

ddoo (P, Meut) /dQ [%)]

MNeut = OO
| | [ I I A RFA, | L1 | Lol

15 20 2530 40 50 70 100 10 15 20 2530 40 50 70 100

P [GeV] P [GeV]
doo (P, Neut) /dQ [pb/GeV], pp — Z/~* — £707 (183TeV), Q = mz
Teut Pt = 20 GeV pt = 25 GeV
2.5 361422, 422, (8.6%) 392423,,+15,cs (6.9%)
4.5 339423, 422, (9.4%) 375425, +16.c (7.9%)
0o 339423, 422, (9.5%) 375+25,,+16.c (7.9%)
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Conclusion
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Conclusion

Jet vetoes with a jet rapidity cut:

Qe e )

cut
T

e Standard jet veto resummation is correct up to O(

Now incorporated into the resummation, in a systematical way:

e a sharp cut on identified jets at 1cut
e astep in the jet veto at ncut

o Experimentally relevant regimes are free of NGLs

v

Improved description of real-life jet vetoes

v

This analysis paves the way to precision predictions
for experimentally clean jet-based observables
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Conclusion

Jet vetoes with a jet rapidity cut:

Qe e )

cut
T

e Standard jet veto resummation is correct up to O(

Now incorporated into the resummation, in a systematical way:

e a sharp cut on identified jets at 1cut
e astep in the jet veto at ncut

o Experimentally relevant regimes are free of NGLs

v

Improved description of real-life jet vetoes

v

This analysis paves the way to precision predictions
for experimentally clean jet-based observables

Thank you for your attention!
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Full QCD comparison: gg — H

r e T r T T
100E g9 — H (13 TeV) 100 gg — H (13 TeV)
. E rEFT, my = 125 GeV3 _ E rEFT, my = 125 GeV3
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& 10¢ T singular 3§ 5% 10F “singular 3
=] £ \ il =] C 3
= L N ] = C ]
50 VY o= 1
s 1 , g ERE -3 , 3
F ! 1 £ | ]
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0.1 il Ll LN 0.1 el Ll LN
1 10 100 10° 1 10 100 10°
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A ) e ) e e S R A ) e e e S R R
= L g9 — H (13 TeV) B = L g9 — H (13 TeV) B
& 100¢ rEFT, my = 125 GeV3 & 100¢ rEFT, my = 125 GeV3
'-_‘i- :\\\ p =15, New = 2-53,—: ’._E Z—\\P =2, Neut = 2.5 ,/-":
= 10 /“singular 3 = 10¢ ", singular 3
& £ E & £ E
& f \ ] & ]
g L v a £ L 4
< 1E I E = I E
N F | E| ~ E 3
-E [ .~ nonsingular ',' full NLO ] -S [ _“nonsingular ' fllll NLO ]
0.1 Ll L il LN 0.1 Ll Ll LN
1 10 100 10® 1 10 100 10°
[Pr £ ()]jet [GeV] [Pr £ (m)]jet [GeV]
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Full QCD comparison: gg — X

100¢ e g 100¢ e g
E F g9 — X (13TeV) '—E F gg — X (13TeV) ]
- = mx =A=1TeV = k mx =A=1TeV |
= 10— Neut = 2.5 < ] 10?\
0 £ _\\ full NLO 3 &) E
~ [ singular =7 ] ~ [ singular
K 1F A O1F
s s
o [ o [ i
3 . : ‘ i
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Full QCD comparison: Drell-Yan at Q = m
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Full QCD comparison: Drell-Yan at high masses
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Detailed regime comparison: gg — H
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Detailed regime comparison: gg — X
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Detailed regime comparison: Drell-Yan at Q = my

T 10t e
> H pp — Z/y* — £7¢~ (13TeV) - 2 E pp— Z/y* — €0 (13TeV) 3
0] N " =mZ g [ Q=mz, et = 2.5 ) 4
> 10 E 7 =10GeV 7 = 10%E ot & Qe
) F sing(neus = 00) ] i === ———- 4
Bu et et < h- [ full singular N
—E‘ [ singular : ;g" 100 -
a o E 3
S 100- o = S ]
N F ... difference ] o 10g difference E
© C ! ! e 1 "’ : Tl L3

1 2 3 4 5 0.01 0.1 1 10

Tleut ;t [GeV]

Johannes Michel (DESY Hamburg) Jet Vetoes with a Jet Rapidity Cut SCET Workshop, March 19, 2018 717



	Introduction
	No Veto Beyond the Rapidity Cut
	Step-like Jet Vetoes
	Results
	Conclusion
	Appendix
	Backup


