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MOtiVati()ﬂ "T'op is more and more important...

e Heaviestin SM, an important field in SM precision
measurements.

« A window to BSM, especially in boosted regions, ¢.g.
invariant mass distribution.

e More and more boosted events.



MOtiVati()ﬂ "T'op is more and more important...

« LHC8TeV results beginning to probe the “boosted” regions:
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MOtiVati()ﬂ "T'op is more and more important...

« Lxpect more boosted data @ .HC 13TeV ATLAS, arXiv: 1801.02052
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Set-up

i(p1) + §(p2) = t(ps) + Hpa) + X (px) .

D2

d*o(T) 87 B L dz
dM dcosf 3sM ;/T ?'Cij(T/Za:uf)Cij(ZyMamt,COSQ,ILLf):

s = (P + P)?, 5= (p1 +p2)°

Mt2t (p3 _I_p4) )
Z—Mt/s T = 757;/5

z — 1

is partonic threshold limit(soft)
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« Stepping in NINLO era, improving significantly.
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« Stepping in NINLO era, improving significantly.

 Inboosted regions, two potential large logs arise.

§, |t > m? > 5(1 — 2)* > m?(1 — 2)?
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« Stepping in NINLO era, improving significantly.

 Inboosted regions, two potential large logs arise.

3, |t1] > mi > 8/N* > mj/N?
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Set-up

« Stepping in NINLO era, improving significantly.

 Inboosted regions, two potential large logs arise.

3, |t1] > mi > 8/N* > mj/N?

log™ N 08" 1

« Matching FO and Res will give prediction for the wide range
of observables and has some interesting feature.



Framework

Two-step factorization

In soft limit, we can factorize the partonic hard

as(Mellin space):

¢;;(N) =Tr[H

(m) ~(m)
i Sij

(N)] 4 O(1/N)




Framework Two-step factorization

1205.3662 A .Ferroglia, B.Pecjak, L.L.Yang

Final collected factorization formula for hard 160107020 B.Peciak. D.Scott, X Wane. L L Yang

kernel in Mellin-space:

Cii (N, M,my,cos0,ug) =Tr |H;;(M,cos8,pr)s;; (ln e 2,]\4,(:086’,,1”:)

m 1 m
<O (my, 117) 3 (ln Nljf,uf) +0 (ﬁ) +0(57)

boosted and soft limit -
S’L] \ -




Framework RG improved

H;;(1n)

Cp(fdn)
Sij(Hs)

Sp(tds ) l

e Use RGEs to resum large logs

. _ L . M2
Ci (N, pg) = Tr | Ui (N, gy, o, ps) Hij (1) UL (N, i, s 1hs)545 (111 N2M2’“S>

) o (k) o (3

xUp(N,,




Fram CWO I‘k Mellin inversion

 'T'o obtain the final result, Mellin inverse is necessary.

d20' 87T6t Z /c+zoo _N Z (N ) _ (N . (9 )
tht_ d cos (9 ?’SMtt 271 ¥ s f) Cig y Vg, TN, COS U, U £
8w dz ctico
N BSMZt Z/ Lii (7/2 'uf) 271 /c_q;oodN =" Cij (N, Mz, my, cos 0 Nf)

« Use Chebyshev polynomials to approximate x-space PDF's, then do Mellin transformation.

e Adopt MP to avoid LLandau pole.

A. Kulesza, G. F. Sterman and W. Vogelsang, 0202251
M. Bonvini and S. Marzani, 1405.3654
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Framework Two step matching
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Framework Two step matching

« matching with soft-gluon resummation

/ /
doNNLLbsm — oNNLL, o (ggNNLLm _ goNNLLy) oy

“m” denotes only soft logs resumed, so keeps the full dependence on the top mass.
While "b” means resummation of both mass logs and soft logs.
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Framework Two step matching

« matching with soft-gluon resummation

/ /
doNNLLbsm — oNNLL, o (ggNNLLm _ goNNLLy) oy

« matching with fixed order

doNINLOFNNLL! _ goNNLLY oy (g (NINLO _ g NNLLG | o o)

“m” denotes only soft logs resumed, so keeps the full dependence on the top mass.
While "b” means resummation of both mass logs and soft logs.
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Main results and scale choice



Notations

In boosted region, it's important that we could have m; < [t1| < M7

Lt — —tl/Mth

H.];.;) t1—0 X 1/xt
_ LO LO __ LOzLO
. N(NLO) _ N(NLO) ~1,O
soft limit H;j = Tr[H,; s ]

v

Hp = 2m7 Sg(NLO) _ Tr[H%Og(N)NLO]
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M,z distribution
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M,z distribution

In boosted region, it's important that we could have m; < [t1| < M7

M2
—t1|mt_)0z > (1—C089)+thOSQMpT+mt—m%a
2 s0——1
—u1|mt_)0 = ( + cos ) —m? cosf) — > M.
HNLO —1
gio (ken) _ 1+ [ 78 In? ( >+24ln ( 21) (3+2Inx,)+37m° — 168]
Hgg (en) t1—0 367T K
2/NNLO _+ —t
99__ (kn) = 1+< s (i )) [37 6In* ( 1) — (46.2Inz; 4 47.2) In’ (—21>
Hgg (,Uh) t1—0 'uh Hh
—1
+ (14.21n2 Ty +222Inxs — 248) In? (—21)
Fh

—t
—I—(1541nxt+102)1n< 1)+1271nxt+577]+(9( 2)
K,

"T'he philosophy is to get rid of large logs as possible as we can!
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M.z distribution Hh

In boosted region, it's important that we could have m; < [t1| < M7

2

_tl{mt—m% 5 (1—COS@)+thOSQMpT+mt—m%a
2 s0——1
—u1|mt_)0 = ( + cos ) —m? cosf) — > M.
HNLO —1
gio (ken) _ 1+ [ 78 In? ( >+24ln ( 21> (3+2Inx,)+37m° — 168]
%gg (:uh) t1—0 367T Hh
2/NNLO £ —t
99__ (1n) _ 1+< s (tn )) [37 61n? <—21) — (46.21nz; + 47.2) In® (—21>
Hgg (,Uh) t1—0 a Hh
—t
-+ (14.21112 ry+222Inx, — 248) In” <—21)
Foh

—t but still need more care numerically

+ (154 Inx; + 102) In (
Hi.

) +12. 7lnxt+577] + 0(a?)

"T'he philosophy is to get rid of large logs as possible as we can!

So in boosted region, Hr based hard scale choice is preferred, e.g. ~ H /2
while in not boosted region M, based choice is good. fen I
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M,z distribution Uh
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« when not boosted, the two kinds of choice _= B
don't make any difference.

o Butif highly boosted, Hr based one varies
gently.
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M,z distribution s

SNLO(0) as(fs) —t —t
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M,z distribution s

Sgq > (1s) as (s) —t —t
99 ° =14+ —="2 [78 In? ( 1 ) — 48 In ( 1 ) Inx; + 24 In* xt+317r2]
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'The philosophy is to get rid of large logs as possible as we can!

Hr
Mz
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M,z distribution s

Sgq > (1s) as (s) —t —t
99 ° = 14+ =2 [78 In? ( 1 ) — 48 In ( 1 ) Inx; + 24 In* xt+317r2]
Se 1L Lo 367 N p2N? o
SNNLO (1, ove (11 2 4 4
99 i :1+( s\Hs ) [37.61114( 1 )— 46.21n x; + 22.1 ln3( 1 )
SNLO £ 550 A p2N? ( ) (2 N?

2 o [ —t1
— (37.31n e +2041nx; + 354) In (u?ﬂﬂ)

—t
3 2 .
— (14.2In° 2, + 20.41n° 2, + 2181Inz; + 12.9) In <u§N2)

+3.56In*z; +6.811In° 24 + 1091In® 2, — 42.6Inz; + 356] + O(a?)

'The philosophy is to get rid of large logs as possible as we can!

So in boosted region, Hr based soft scale choice is maybe preferred
while in not boosted region M,z based choice is good. \

i but still need more care numerically



M, distribution s

o Ko, (O (Mg, )

g f SN(NLO)(MS)CZCOS@
= f SLO(,LLS)CZCOSH
cnxg

N(NLO .
Sij( ) — Tr[HZ%OS(N)NLO]

N-space PDF's needed

—~ B[
« when not boosted, the two kinds of choice ;fw 5
don't make any difference. S f
» Butif highly boosted, Hr based one varies 3 “F
gently. T 8E T
s
— 2— f
e
S IR VPN AP IV IV A I IO
def — 0 02 04 06 0.8 1 12 14 16 1.8 g ?
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Pt distribution pon and fig
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° ° ° d <
Pt distribution fr and p
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Pt distribution pn and fug

Jacobian peak: 2mp ~ Mz

o fixed the pltdon'tindeed constrain much on the p'l” of anti-top,
but rather on the combined p'T of anti-top and the radiation.
e in fact, hard radiations contribute a lot.
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Pt distribution pn and fug

Jacobian peak: 2mp ~ Mz

o fixed the pltdon'tindeed constrain much on the p'l” of anti-top,
but rather on the combined p'T of anti-top and the radiation.
e in fact, hard radiations contribute a lot.

\4

e soft limit is not so good as in Mtt case!
o but still, we can choose in the similar way:

s = mr, pg® =2mr/N

19



My and pr+ distribution fran and figs

o TNt isfixed, so the natural scale choice for these two matching pieces is
straightforward.

« In fact, the numerical dependence on these two scales choice is small.

Cp(my, ptan), sp(ms/N, pigs)
pah =my, pge =my/N
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M,z distribution

Ly
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« Resummation is indeed
important in high energy tail.

o Resummation improve
the convergence.

« Matched results is not sensitive to
different choices.

based on perturbative convergence

\4

def, NNLO-+NNLL’
fh ¢ = Hr /4

1606.03350 M. Czakon, D. Heymes, A. Mitov



Mz distribution Iy
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pPT.tdistribution Hf

6.0
<55 o pl caseis very different, while in low energy
@) . e e
=50 } ] ¥ ' } region, it improve the convergence,
%45 l in high region it does not.
= " e [tis because of different kinematic limit
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pPT.tdistribution Hf

do /dpr avt (pb/GeV)

6.0

5.5 o pT caseis very different, while in low energy

5.0/ } ‘H ! { region, it improve the convergence,

s l in high region it does not.

" o Itisbecause of different kinematic limit

' praji € [50,100] Gev & =l .
§ - inpl case.
3.5 fy = 2myr
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£ 251 1
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1606.03350 M. Czakon, D. Heymes, A. Mitov
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FFinal results Mz
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Final results
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Conclusion and Next

o It’s the state-of-the-art QCD prediction for top pair differential distribution
for the whole phase space.

e After resummation, it is more stable w.r.t different factorization scale choices.

 Inboosted region, hard and soft scale have very different behaviors against
usually chosen ones.

e P1,t distributions has less of an impact compared with M, ones.

 Especially, with new scale choice, M,y distribution's uncertainty is also
smaller.

« We will compare with the latest experiment data soon.
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Thank you for the Last attention!
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