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® Motivation. Why do we want a precision 77 ?

¢ Top mass measurements. Expt & Theory Issues. Which mass?

MP® — m, + (nonperturbative effects) + (perturbative effects)

® Factorization theorem for Jet Invariant Masses
ete” — it Q> my > Ty

® Summation of Large Logs
® Heavy-Quark Jet Function (perturbative shift)
® Gluon Soft Function (nonperturbative shift)

e C(Cross Sections Results at NLL order

e Implications
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2 T Motivation

@ ® The top mass is a fundamental parameter

of the Standard Model

my = 1726 2 1.4GeV  120.8% experimental error)

e MY (theory error? what mass is it?)

® Important for precision e.w. constraints

® Top Yukawa coupling is large. Top parameters
are important for many new physics models

—— [, =14GeV  from t— bW

—e Aqgcp @ Top is very unstable, it decays before it
has a chance to hadronize. How does
this effect jet observables involving
top-quarks?

— mu7d
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—e ()~ 1TeV Production scale g _
pp — ttX
r\ -
— e m+ = 172.6 £ 1.4GeV Mass scale
bW =
\\‘ qq
—e I} ~1.5GeV Short Lifetime ot
* Aqcp
Jet Jet
b-ie b-jet
e,u jet jet
Dilepton Lepton+jets All-hadronic
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World average
(2008):

m; = 172.6 + 0.8(stat) £ 1.1(syst) GeV

Why precision m;”

eg. Electroweak precision observables

™ g :_gi GeV
87

Ty <G6V

209
A 2 GeV shift in m; changes
these central values by 15%.

Gruenewald, EPS(2007)

(95% CL)
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Mass of the Top Quark (*Preliminary)

Measurement Mtop [GeV/cz]
CDF-I di-l o 167.4 = 11.4
DZ-l  dil ofs 168.4 = 12.8
CDF-Il di-I* —r 1712+ 3.9
D&-Il  di-I* —-:Q— 173.7 = 6.4
CDF-l I+ . 176.1 = 7.3
DDl 4 | —o— 180.1 + 5.3
CDF-Il I+j* _r 172.7 + 2.1
DO-Il  |+j/a* 1705+ 2.9
DIl |+j/b* | 173.0 = 2.2
CDF-I all- o 186.0 = 11.5
CDF-Il all-j* -o— 177.0 = 4.1
CDF-II Ixy 4 o 180.7 + 16.8

x? /dof = 6.9/11
Tevatron Run-I/II* I+I 1726 = 1.4

%0 70 130
April 2008

M [GeV/c®]

m, [GeV]

6
5 — 0.02758£D0.00035 N
1 === 0.02742£0.00012
4 - «== incl. low O data -
NH )
I 3] ]
2 ] -]
1 : -
0 | Excluded "\ /: Prelimiﬂary'-
30 100 300



Mass of Lightest MSSM Higgs Boson

- 4 N i
2 V72 Gpomyg iy My
mp ~ Mz + ———5—In 5
T4 sin” 3 m;

rule of thumb, want:

OMmMy ~ 0My,
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m, [GeV]
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- exp
| Amy

m, =175 GeV, tanf3 = 5

theory prediction for m_
1 0m,” " =2.0GeV |

7 0m, " =1.0 GeV .

dm.~® =0.1 GeV ]
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Heinemeyer et.al.C03)



How is the top-mass measured? from A_Juste
Template MethOd (CDF ")- Lepton+jets (=1 b-tag); Signal-only templates

2-tag 1-tag(T)
o _ _ L 1000F [CDaews | [Janewents
« Principle: perform kinematic fit and reconstruct top 3 s ws- o | 21000 A= 22 Gevi’
. . E Corr b (47 :_I 1200 uu"r_ u?bl-,. I’ﬁ:_l
mass event by event. E.g. in lepton+jets channel: s RMs=raeeve | 21000
. ( i,fit 4, meas -:IB ()[ E, fit {.."E.me:u.s;.lg @ ; &
XT = Z P 21’* — <+ Z - i," - I':’1IZ.'rI:I 150 200 250 !Eﬁﬁ 350 100 150 200 250 ,‘_SIJI:I 350
i=f 4jets o i=x.y 73 M= (GeVic') m{*=°(GeVic’)

1-tag(L) 0-tag
[] AN Events [] Al Events

RMS = 31 Gelllc® RMS = 37 Gelilc®
Il Cor. Comb (18%) Il Corr. Comb (20%)
RMS = 13 GeWic’ RMS = 12 GeWic®

{\Fh({l, U“ )A n LF‘IJJ —q‘nlfp; JIQ +1:ﬂfbﬁ, —:HEECDJE n iLﬂnjb}J —':HET.EED;)E
I's, I'sy I'y [';

Usually pick solution with lowest y2.

Events/s GeVic*
i =%
=
[=]
Events/5 GeVic®
in
=
(=]

«  Build templates from MC for signal and background 100 100
and compare to data. o 0 R
Dynamics Method (DO Il
: -1
«  Principle: compute event-by-event probability as Lepton+jets (370 pb™)
a function of m, making use of all reconstructed DO Run Il Preliminary __ -
obje_cts_ in the events (|r?tegrate over unknowns). f [ = 170672 Gev : ; WES e :
Maximize sensitivity by: ;} " oomiiesd sasple 2 combined sampi]

parton distribution functions

0.5

differential cross section (LO matrix element)
transfer function: mapping from

parton-level variables (y) to

L il 1 I L I
170 180 1.05 1.1

reconstructed-level variables (x) Myyp (GEV) Jetenergy scale
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Uncertainties
m; = 172.6 £+ 0.8(stat) & 1.1(syst) GeV

(eg. reconstruction)

® determine parton momentum of daughters, combinatorics

e jetenergy scale: calorimeter response, uninstrumented zones,
multiple hard interactions, energy outside the jet “cone”,
underlying event (spectator partons) W-mass helps

e initial & final state radiation, parton distribution functions,
b-fragmentation

calorimeter jet

e which jet algorithm? which Monte-Carlo? ;@
e background (W+jets), b-tagging efficiency M7 s
e Statistics \:':" I/%j )

- paronjet
T
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o
|

Future -LHC: pp — ttX

top factory, 8 million ¢t /year

| 6=10.66GeV
B - L=10 fb-1
1000 — (S/B~78)

Events/4 (}'E";.fJ

iy
Lh
=
)

om; ~ 1 GeV systematics dominated

0
0 100 200 300 400

ATLAS (I+jets) “»“"

Future -1LC: ete™ — ¢ Hoang, Manohar,
16 —— ‘ ‘ —TJeubner—1S
O | S reubner; 1ns:
exploit threshold region 3 P o .
=
U -
\/g ~ th O 10
" 0.8
with high precision S 0
. 04 -
theory calculations y LL, NLL, NNLL
v Y
= - ! \ \ \ \ \ \ \ \ \ \ \ \ \ \ ]
) e ~~ 0.1 Gev 0'0346 347 348 349 350 351 352 353 354

Vs (GeV)
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What IMass IS lt? m; = 172.6 + 0.8(stat) £ 1.1(syst) GeV

® pole mass?

- ambiguity 0m ~ AqQcp , linear k=T,
sensitivity to IR momenta

- poor behavior of g expansion 7 =m;
- not used anymore for 7M1y, M, om ~ ag ()T
c.g. m%s = (4.70 T 0.04) GeV

- Monte Carlo has cutoff on shower / hadronization model

quark masses are Lagrangian parameters, use a suitable scheme

pole _  schemeA 2
m; . = m; (14+ as+ a5 +...)
or
pole schemeB

my; . = m; + R(as+a2+...)
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e top MS mass? oTh = mPee — mM—S(m) ~ 8GeV
If top-decay is described by Breit-Wigner, the answer is NO

When we switch to a short-distance mass scheme we must expand in g

om ~ a;m > [

not a correction!
~ 1/T ~ Ozsm/FZ it swamps the 1st term

e must be a “top-resonance mass scheme” R~ T

mPo'® —m ~ T
l.esson: some schemes are more
appropriate than others

Thursday, June 12, 2008
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Theory Issues for pp — ttX

e jet observable x K

® suitable top mass for jets X
® initial state radiation
® final state radiation X

® underlying events

® color reconnection *

® beam remnant

e parton distributions

® sum large logs X

Thursday, June 12, 2008

Here we’ll study
ete” — ttX
and the issues >

Top Mass from Jets far above
threshold at the ILC

Q> my > 1Y

12



2
Measure what observable? d“o
IMZ dM2

Hemisphere Invariant Masses

2
2 _ I - 2 _ v
M;: = ( g pi> soft particles M; = ( g pi)
vea n-collinear n-collinear 1€b
___——— —— axis
hemisphere-a hemisphere-b

Peak region:

2000

s¢ = M2 —m? ~ml < m?

1500

Events/4 GeV

2 2 i
N Mt — m 1000
St = o~ F <m l
m 500
. : ml r 1 0 :
Breit Wigner: =0 mz = (m> 21 T e

Thursday, June 12, 2008
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o Q S>> m “dijets” dominate, inclusive in decay products

om > 1 = physical width

@ m>>§t
O F>AQCD

Thursday, June 12, 2008

do
dM

0012
0.010
0.008
0.006
0.004

0.002 -

S¢ ~ I
peak region

tail
region

s >1
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Q>m>T ~5;

Disparate Scales » Eftective Field Theory

QCD

|

SCET

|

HQET
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Integrate out
Hard Modes

Factorize Jets, Integrate
out energetic collinear —>
gluons

Evolution and

decay of top —»
close to mass shell

Soft
( ...... CI'OSS-Talk ....... )

15



Fleming, Hoang,

Derive a Factorization Theorem: Mantry, LS.
d*o Q) A
— 2 nswer
(th2 th2>hemi 70 Ho(Q, ) Hon (m, — ,u)

x /Ood€+d€‘ B, (gt _ %ﬁ T, u) B_ (st _ % r,u) Shemi (61, 07, ).

— 00

2

ro("g™) ro(i) o) o)

Valid to all orders in Q¢

Compare to factorization theorem for massless dijets:

d’c - ) N ; ) .
(dMngg) = 00H(Q, 1) /dﬁdé T (M3 = QEF, 1) J_ (M — Q€ , 1) Snemi (€7, 07, 1)

Korchemsky & Sterman

Thursday, June 12, 2008 16



d’o
dM? af]W{2

Thursday, June 12, 2008

Hard Production
modes integrated
out

y

hemi

“Hard” collinear
gluons integrated out

'

> = 00 H(Q, pim) Hr, (m, % Hom “)

QL

Answer

x /Oodﬁde— B, (st _ %ﬁ T, u) B_ (gt— - F,u) Shemi (61, 07, ).

— 00

Jet Functions

Evolution and decay of top
quark close to mass shell

1

Soft Function

Non-perturbative Cross talk

soft particles

|
. \ - .
n-collinear \ | / n-collinear

S

S
hemisphere-a /

OFT

— W=

-_:H_"‘-!-'!'I-__

OFT

\

e —

thrust
axis

hemisphere-b

17



Hard Production
modes integrated

“Hard” collinear
gluons integrated out

out
d°o Q Answ
— r

x /ood€+d€‘ B, (gt _ %ﬁ T, u) B_ (gt— _ % r,u) Shemi (61, 07, ).

) 1

Non-
Evolution and decay perturbative
of top quark close to Cross talk

mass shell

At tree level in (X g expansion this is a Breit-Wigner.

e B.W. receives calculable perturbative corrections

Thursday, June 12, 2008 18



d2
(dM2 ZMQ) = a0 Ho(Q, tim)Hp (m i u) Answer
t t / hemi

/Ood€+d€ B, (st— %ﬁ I u) B_ (At—— % r u) Shemi (€5, 07, 10).

— 00

e cross-section.depends on a hadronic soft function, not just B.W.’s
* the B.W. is only a good approx. for collinear top & gluons **

® the formula removes the largest component of soft momentum
to get the correct argument for evaluating the B.W. functions

2 2

m

A

St —

Everything but the soft function is calculable in perturbation theory:

S_hemi is universal, & measured in massless jet event shapes (at LEP!)

Thursday, June 12, 2008
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Eg. Thrust data from massless quark jets at LEP

10° ¢

108% T — max Z’I,|‘t p’l|
10 i:, Q
g 10" ¢ Korchemsky
g & Sterman
10“0% | | | | | 3
.00 0.05 0.10 0.‘1IET 0.20 0.25 0.30
1 =17
2A
peaks at ——==0 B
¢ 1:/dT5(1—T— “52 2 )

d?c - ) ; ) )

Thursday, June 12, 2008
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For our event shape for massive quarks:

d*o Q) A
= gy H o)V Ho (1, =< 1, NSwer
(thQ th2>hemi o) Q(Qa:u ) (mamalu nu)
00 + 0
« / d0+de- B, (st _ QL,F,M) B_ (gt—— Q—,r,ﬂ) Shemi (61, 07, ).
oo m m l
& QAqcp
MP =, 4 Ty(as + a2 +...) &
T
T 1 0.012j
measure extract do -
this this dM
Short distance m; can (in principle) be 0.006
determined to better than Aqcp oot T4 WS
0.002/
SR T 7 B T

Thursday, June 12, 2008 21
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Summing the Large Logs

Fleming, Hoang,
Mantry, L.S.

22



p The various
2 = 09 Ho(Q, pt) H (m @ ) :
dMZdpz ~ 70 eV BmIHm AT s Hms functions are
o a n T _ 1
X /d€+d€_3+ (St — Qm—, t,,u) B_ (S{ — Qm—, t,u)S(€+,€ ) .SenSIthC to
! ! different scales
| To minimize the logs we need several
Matching & . .
matrix elements Scales stages of matching and running
Ho(Q. i) —T—— Q
HQ =~ Q
Ui,
Hy,(m, Up) ———— M Hm =TT
N st
Ui, ur:O(Ft+Q—+ t’t),
m m
s UBi MA_O(A+ Q —|—Q)
S( ) —Y—II
Aoep - mb , T @,
Q so typically —— ~ —

pa M

Thursday, June 12, 2008 23



Result with resummation:

d’o

M2

Q
= 00 Ho(Q, un) Uny (Q, ih, tm) H(m, pim) Un,, (m—J,um,uA>

9 / 48, 8 U, (3 — &, pa, por) Up_ (3 — &, ja, )

= I -
« / d0+de- B, (s; _ %,r, MF) B_ (st _ %,F, up) S+ 0 1p)

— 00

Here: sum double logs LL =) "[a,1n?*
k

gt (m o) = 2o (5] () o Ba5op) =[0858 ) oS
Hm(ma %7#?%7:“) = H,(m, pim) U, <%7anu> B:t(gi |J) — /dgl UB(§_§/7 U, UF) B:I:(g/i UF)

Only the logs between pr and pa can modify the shape of the
invariant mass distribution (the rest just modify normalization)

Thursday, June 12, 2008
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QCD Integrate out

!

S CET out energetic collinear —> SCET
gluons l
l Evolution and
decay of top —> Soft

HQET close to mass shell

All objects are defined in field theory:

Lets study the soft & jet functions in more detail

Hard Modes

Factorize Jets, Integrate

> TITTTY Cross-Talk ....... ) 2

Thursday, June 12, 2008
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SCET

D f SCET [A ~m/Q < 1]
CELEESI0 n-collinear (&,, AL) ph~Q(N\%,1,)\)
Freedom n-collinear (&7, AL)  ph~Q(1, N2, \)
Crosstalk: soft (qs, AY)  ph~Q(A%, N2, \?)
uark / \ (_|_7 ) J‘)
9 luon light-cone coordinates
fields
ﬁelds
LO collinear Lagrangian:
1 i

L0 = & [in-D, +gn- A, + (iB-—m)W,

/ /

-> g— o ilonal collinear Wilson line
i n-k-+ie

soft couplings — (ig /oodS ﬁ-An(sﬁ))
0

Wit his
—SW(iD! +m) |5,

Thursday, June 12, 2008 26



soft particles

SCET

SCET [A ~m/Q < 1]

Degrees of n-collinear (&,, AL) ph~Q(N\%,1,)\)
Freedom n-collinear (&7, AL)  ph~Q(1, N2, \)
Crosstalk: soft (qs, AY)  ph~Q(A%, N2, \?)
/ \ (_I_a B J—)
quark . .
gluon light-cone coordinates
fields
ﬁelds

Production Current: Q) > m
AN TR — (W) T W ER)s = (EWa)w YiTHYa(Wign)s

Jr .n n
> >

QCD SCET QCD SCET™

Thursday, June 12, 2008



SCET

SCET [A ~m/Q < 1]

Degrees of n-collinear (&,, AL) ph~Q(N\%,1,)\)
Freedom n-collinear (&7, AL)  ph~Q(1, N2, \)
Crosstalk: soft (qs, AY)  ph~Q(A%, N2, \?)
/ \ (_I_a B J—)
quark . .
gluon light-cone coordinates
fields
ﬁelds

Production Current: Q) > m

\\ - \ J —

) T (\(7 n /

o0 \

Y(xz) = Pexp (zg/ ds n-Aus(:E+n5)) \&\\
0

Thursday, June 12, 2008



Soft Function

Shemi( T2 ) = =D (T =k (7 = k)0]Y 0 Y2 (0)]Xs) (X[ Y Y (0)]0)
Ne 57 —~— ——
soft Wilson lines

soft particles

n-collinear n-collinear

thrust
axis

hemisphere-a hemisphere-b

b) C) d)

7 n L n n - -
n B n n - n n § n
Yy : : :

Spart(€+7 €_7 ILL) — 5(6—'_)5(6_) T 5(€+)S;art(£ 7:“) + 5(€ )S;art(g 7“):

S|
S|
S|

2

o i 1760(£4)In(4
Shan(.) = PO 500 —2220) Lo =~ | ol “)L
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S 07, )

® Anomalous dimension determined by partonic calculation.

. L L 2 L
it has cusp -l / dﬁ/ de= (e 0, u) =1+ CFO‘S“‘){; _2n? (_)} b
anom.dim. o0 J-oo T #

¢ Cross-section in the tail region has ~ 0 > Aqep  and the

soft function becomes perturbatively calculable

° In the peak region ¢* ~ Aqcp —3 nonperturbative soft function

these features do = peak region
» should be dM o
built into S regiPn
0002 Sy > I

Thursday, June 12, 2008 30



A Convolution Formula does this Hoang & LS.

ST, 07, pu) = / dﬁ/ A0~ St (0T =0T, 07 =07, 1) Smmoa (£, 07)

—_

partonic soft function normalized model function
calculated at fixed order (exponential fall off)

+o00
/ dtdl™ Smea(¢*,07) = 1

— 0

* Soft-function has a (u = 1/2) renormalon ambiguity

implying that the partonic and model parts are sensitively tied together

® This is removed by introducing a minimum energy gap for the soft
radiation

S(e+, 07, ) / dﬁ/ A0 Soue (0T =0T, 07 =07, 1) fop({T— A, 17— A)

~ =

+00 N =
/ dﬁ/ A0~ Spart (0T =0T —0,07 =0~ =6, 1) fop (LT —A, 7= A)

A=A+5=A+ (as+a§+---) A = renormalon free

Thursday, June 12, 2008 31



with renormalon without renormalon

subtraction B O,
S(,0)
12
- N
0.8 :_ /—-' ) -.~“ \
:_ /z N s\ .
E / ", $\
04 E_ "'} s\‘Q\
3 A \:\
00 f o L ',"I| IR B |\|| =
| Y2100 15 200 25
A ¢ (GeV) M = m; (GeV)

(Gives soft function that:

® has correct |4 dependence for MS-bar scheme

° has model parameters that are stable & not sensitive to U

° has correct large momentum behavior

Thursday, June 12, 2008
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Heavy Quark Jet Function

Integrate out
Hard Modes

Factorize Jets, Integrate
out energetic collinear —>
gluons

Evolution and
decay Of top ...... SOft ....... )
close to mass shell Cross-Talk

33



unstable boosted HQET

‘ ~ (MATH0)
fluctuations b = mot 4 b

beneath the mass ollinear, but with
maller overall scale
bHQET T /m /

one HQET for top — |n-ucollinear ( v+7 A” k”NF AL
Aj

n-ucollinear (h,_, Ay_ k“’wF AL
same Soft (s, AS) ~ (A, A A)

one HQET for antitop

_ 1 _

Ly =hy (ivy Dy =0m+D)h,,  Lo=h, (iv--D-—om+ %I{)hv_

/ N\

mass scheme
choice

a) W
1
pole _ AT X

Thursday, June 12, 2008 34

our observable is inclusive in
top decay products

om =m



Heavy Quark Jet Function Can be computed

perturbatively

B(3,0m, "¢, u)=Im [B(§, om, I'y, ,u)}

a) b) c) d) €)
:Im[@;®+@%®+®£%+@@g+®&®+®%®

e

/ d*z e {0 |T{hv, (0)W,(0)W, (z)hy, (z)}]0)

8(27]+ ) r? 5m7 Ft,ﬂ): 47TN m

shift property ~ B(S,0m, Ty, 1) = B(3 — 26m + ily, )

Thursday, June 12, 2008 35



Renormalization and RGE:

convolutions B(5, 1) = / d8' Z5' (5 — 8, ) B*e(3)
utB.p) = [ 48 96— 31 BE ) A ‘1 46(3) A
dp VB(8, 1) = —— [ - ] +(8)
plos 1y
cusp non-cusp
anom.dim. term

Position space: sy u) = 20 In (i"y ) + 4fa)  <POWD L0 now known

3 loops to
solution: By, ) = eXwm0) (ie75 16) ) By, o) 2 loops
5 s (1) -
(. bo) / Ho)m ol K (s o) =
Momentum space:
A o N A N N A N _ GK (evE)w Mé+w 9(§ B §/)
B(S’M):\/;oods UB(S_SmuaMO) B(SMUO)? UB(S_S”LL’MO)_/LQF(—CU) [ (§_§/)1—I—w ]+
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Two-Loop Result Jain, Scimemi, I.S.

) 1 3  13n2 1372 1 7x?  53w*
mBg(s,5m,u):CI2;[§L4+L3—I—<§+ 22 )L2+(1+ 22 —4C3)L1+(§—|— 27; + 647:) —2C3>L0]

1 7 5 7w  5(3 11 572 197*  5(s
e (G- (B
+CFCA[(3 FIERAC TR YR G- ShE- E
2

1 2 A7 281 2372 17(s
v 2 (G ) (B B - )
+0Fﬁ0[6 T35 T 2)Y T2 T2 T

2

/
— 26ma (L) + 2(6m1)3(LP)" — 26my Cr [L2 Iy A (1 n %)L‘)] .

om = as (1) omq (p) + M omo(p) + ... .
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R i8Y T3 5 1
B(s,u)ZQ—/dye Y B(y, p) B(y, ) =

(Oltr [T W} (2y)W,(2y)] [T W, (0)W,,(0)]|0) .

m N,

A
nY

2
—

b)

Satisfies criteria for non-abelian exponentiation Theorem

Gatheral,
Frenkel & Taylor
non-abelian: mB(y, u) = X Hry)+T s (py)]
abelian: mB(y, p)*>* = exp [Z—; (FSZQ + oL + To)]
L = In (ie7=y p)

A convenient result for testing mass-schemes
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Mass Scheme should:

* be renormalon free (not mP°®)

® be a top-resonance mass scheme dm ~ oIy (not MS)

°* haveaRGE in 4

5m — mpole - m

3 possibilites for scheme with stable peak position:

d

3 2 a) — B(3,0mP*, Ty, )| =0,
peak i —_
R
“moment” b) / ds § B(s,0m™™ u) =0, R ~ rt
_ d - R d ~
“Sosition”  © Smy = —— By, i =" = ———InB(y, -
pOSlthn ) 2 By, 1) dy (v, 1) y=—ic—7E /R 2 dlIn(iy) (. 1) iyeTE=1/R

Only c) has a consistent anomalous dimension equation, for
the others the anom.dim. does not have a consistent pert. expn.

“top jet mass scheme”

(two loop conversion to MS is now known)
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This scheme is nice:

s (1) _ e g Tl (0] anom.dim. is determined by cusp term,
o]y and therefore is known to 3 loops

Result is jet-function with resummation:

B(S,0my, T, ha, Hr) = /d§’ Up(S—$' Ha, Ur) B(S,om;, T, pr)
Iy

- /d§’d§” Up(§ — ', ua, ir) B(S' —§",my, ur) —

H,_/

convolute result from the previous page
to sum logs and include width eftects

72 +13)
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Jet Function Results up to NNLL:

nm B pole_mass scheme m B jet-maSS scheme
0.25 | 0.25
0.20 | 0.20 |
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L =TT el
- T ———————— =~ jet NNLL
172.0 | _ —poe ™t
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Fleming, Hoang,
Mantry, L.S.

Analysis at NLL order

(Next-to-Leading-Order with resummation to
all orders of next-to-leading logarithms)
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Analysis to NLL order

e One-loop matching

e One-loop matrix element for B+, and for the soft function:

~ ~

S(6T, 07, ) = / dﬁ/ A0~ Spure (67—, 67—, 1, 6;) Smoa (T, 1)

® Renormalon Free Schemes for Jet and Soft functions

® RGE evolution, sum large logs Q>m>1 ~ 53

(Two-loop cusp anom.dims. & One-loop non-cusp)

® Proper choice for the scales
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Matching &

° matrix elements Scales
NNLL Cross-Section e :
U
Results o
Uy,
B_|_( , W ) S/m
B UB+
S(!, W) YvyY -
» A
normalized 420 o Qcp
. dM dM_: F—%F(MtaMt_amJag)
Cross-section ¢ t t my
. Q - [ A Q€+ QA(:LLA) Al Qf_ N QA(ILLA) mod [ p+ p—
numerlCal F(MtaMfa mJ,m—J) S /Oiw—i_dg P(St_ my I m y O M my aluA) S (6 ,f 70)
perturbative — 2 . (@
part 1S P(5t7557 'L‘A) =AM, M1 Ho(Q, pn) Uy (Q, tin, fm) Hp (M, pin) U, (m—J,,um,,uA)
: 0 . Q
anaIYth X G_|_ (St, m—J, Ft, /LA) G_ (St, — , Ft, ,UA) .
~ Q — o ~Y ~l / iy L ~Y
Gy s,— 'y, upn = ds'ds" dl’ Ug(s — s, pa, pir)
J —00
=0 =/ ~) Q / ~ / Ft
X B:I: S —§ — m_Jg y» UT, 5m Spart(g s LA, 51) 7T(§”2 N F%)
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NLL Cross-Section
Results
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Perturbative corrections

1y = 86,172,344 GeV
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[Normalized Cross-Section J
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F(Mt, Mt) VEersus Mt.
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[Peak Positions vs. MF]
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Beyond the peak region

F(M;, My)
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This observable contains other event shapes as projections,

like thrust
C t us ld_O' i /OBMQ/OBMQ 5( - Mt2 + Mtz) d20.
oodT ot S O Q2 ) dMzdm?2

Thrust peak position vs. Q

(o 2mi can also be used to
do 80 [ :/ Q° measure the short-distance
T i \ top-mass
dT L | /
| ur dependence
-
20 :_ | / \ \\\\
/A0 P R~ A
O_.(....l. s Eee e e T=max2i|t'pi|
0.08 0.09 0.10 t @
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What (if anything) can be said about the Tevatron mass?

® (Given that top decay is described by a Breit-Wigner, we know that
the mass should be close to a pole mass (top-resonance mass scheme)

Misele = m(R, Iu) -+ 5m(R, ILL) : om(R, p) = Rizn:ank [QZETM)}nlnk(%)

.H n=1 k=0

® Recently we studied an RGE for R, which allows us to smoothly

connect these schemes to MS where R =m(u)

[c.f the kinetic mass

Hoang, Jain, Scimemi, I.S. (arXiv:0803.4214) of Bigi et.al.]

® We can estimate the scheme uncertainty of the Tevatron
measurement by varying the initial R = Ry =373 GeV (since any

such mass is an equally good short distance scheme)

(See the talk by A. Hoang tomorrow at 9:30am in
the Flavor workshop for further details)

Thursday, June 12, 2008

50



172.6 +1.4 GeV assume levatron measures a
top-resonance mass

mt(RO)

my () = 163.0 £ 1.3 708 £ 0.05 GeV

scheme conversion

: O . . .
70} - uncertainty  uncertainty is small
' Ry = 36 GeV (3 loop with RGE)

_ Similar issues at the LHC
OO in most methods

The pole mass is what we get for Ry = 0, but is very likely not
what the Tevatron measures. If we demand that the measurement
corresponds to a pole mass, then an additional uncertainty of

~ Aqcop ~ 600GeV  from the renormalon
should be added to those above.
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Summary & Outlook
Top Jets

@ Discussed a factorization theorem for invariant mass
distributions for massive unstable particles: ete™ — tf

separation of perturbative and non-perturbative eftects for ILC

® Systematic relation of peak to a Lagrangian mass parameter:
What mass is measured? “Jet mass”

® [Effective Field Theory: can be extended to higher orders in
the power and perturbative expansions

Progress for massless event shapes:

® Reexamine LEP massless jet data with calculations at NNLL, ...

( Becher & Schwartz; Gehrmann-De Ridder et.al. )
Future:

e [Lxtension to large pT events for LHC, and to Monte-Carlo

® Technique can be used to study other processes with jets and
massive underlying particles
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