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Introduction

* All the fundamental particles acquire mass through
the Higgs mechanism: SM prediction Yf X My

* Heavy flavor processes offer a more robust test of
pPQCD

e b — c quarks constitute portal to non perturbative
physics

* Recent measurements on |ss observable for H-F jets:

o Lund b jet plane by LHCb collaboration,

O Hg, Z, observable for charm jets by ALICE,

o Upcoming measurements at ATLAS for b-jet
substructure to expose dead-cone effect
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Jet angularities at hadron colliders
1 —2

* \We want to study jet angularities (sensitive to radiation
pattern, i.e. to HF jet substructure).

* In case of massless theory with just one emission
A~ z0°

 Many more possible definitions when massive particles
are involved:

a % %
" Pi [ AR, ° pi [ 2pi-n o (! pi [ 2p; - ny
N - B 0 e P
= pr \ Ky = pr \ DPiRy - Pr PR

l l l

n(n,) is a massive (massless) 4
vector aligned with the WTA axis

 All these variables coincide in the massless case.
See also (C. Lee, P. Shrivastava, .

- All these variables do not coincide when one take the quasi- Vaidya), for SCET analyses ot ECFs.
collinear limit (6 ;o, ~ m/py)
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Jet angularities definitions: Monte Carlo study

angularities, ungroomed

angularities, groomed
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* Huge peak in the differential distribution associated to the dotted observables:
they do not vanish at Born level

* The circled observables exhibits a larger peak than A : “kinematical” effect.

* The mass contribution in on A distribution is only “dynamical”
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Resummation in the CAESAR formalism

Ho n=— lnﬂ
Ho »
H — Hmin
Resummation performed using the CAESAR
formalism (A. Banfi, G. Salam, G. Zanderighi) a=1
lnizlnﬂ -f-i-z -------------------------

S b vk =

| Dead-cone angle

[ d
) = Y | dBs2 exp —ZR%) SPi(v) PEAv) FA(v) H(By),
5 dRB; L les

D. Reichelt

z=1

Here, R denotes the massive radiator:
® = observable constraint

o J'l J»,uQ dk2 MW(kZ)

12 > b(Z, ktz — szz) X 0O, XN —Nyin)
2m2 t

Noin= lower bound in rapidity

P, = massive splitting function
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Resummation in the CAESAR formalism for groomed jets

lnﬁ
Ho n=—1In n
Ho »
N = Mmin
Resummation performed using the CAESAR :
formalism (A. Banfi, G. Salam, G. Zanderighi) ;' a=1
b om mes t Dead-cone angle
In— =1n— : 'B — O

SPs(v) PPov) FPov) H(By),

5 0 les 1

i do _
L) = ) |dB, dQ; exp | — Y R7(v)

D. Reichelt, J. Baron et al.

Here, R denotes the massive radiator: O .
, = observable constraint

2 CMW (1.2) Op = soft drop constraint

Nmin= lower bound in rapidity

. P, = massive splitting kernel
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Validation against fixed order
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Comparison between expansion of the resummation at NLO against
fixed order

S(AL) ~ ek
* Distribution overlapped at leading (the extremely small offset is

driven by power corrections in the mass and in the jet radius) The distribution is single logarithmic for

Ao <K (mlpp)®
« At NLO the difference is given by a constant off set C obtain through
matching.



Effects of leading power corrections

 In the small observable limit at order a, the leading power
corrections arise only from the calculation of soft function

» Jet radius power corrections computed in M. Dasgupta et al.

do 1 3 1
TP =4, E T, . TJ- Jd kwl-jé (W(kt, n) — /la) On -1,
a lj
(pi ) pj) p,'2 pj2 . .
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(p; - k)(]?j k) 2(p; - k) 2(p; - k)

Power corrections computed in the limit where m/p; ~ AR,
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Validation against fixed order: groomed case
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Comparison between expansion of the resummation at NLO against fixed order for f = 0

K
2(/101[) ~ e_aSL’“‘, L,M = log ZQ

» In principle O(z.,,) effects, but very small, not observed numerically.

ZCU.
» The distribution tend to 0 in the asymptotic limit: the cumulative becomes constant.

 Negative derivative of the radiator over a part of the spgectrum.



b—Jet vs light quark jet: uhgroomed case
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» Mass effects scale as ~ m“ : H-F distribution exhibits a larger deviation from the light quark distribution.

: : _ 2
 Longer tail: reduced Sudakov suppression compared to the massless case 2, ~ ¢ , 2g~e ask”

« Comparison performed with stable B hadrons (P.K. Dhani et al.)

* Non perturbative corrections implemented with the transfer matrix approach (Reichelt et al.)
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b—jet vs light quark jet: groomed case
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« Huge peak at the end of the distribution, already present at parton level: 5(/101[) contribution to the resummation
(jets composed of a single parton)

« Non perturbative effects smears out this effect, but configurations remain in which the jet has only the B
hadron

* This effect can be removed by using Soft Drop in tagging mode, as suggested in S. Caletti, A.G., S. Marzani. In
this case it is natural to consider ratio b/ distributions
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Towards higher accuracy: scale of the coupling and CMW scheme

In order to improve the accuracy of our calculation one the missing ingredients is the running
coupling:

as2 (u*)[dk]| M 1—100p,N.A.(k) T asz (ﬂZ)J [dky1[dky] | My 4 (Ki, k2)53(k — ki — ky) O This prescription is perfectly

fine even if the emitter is
5 , k> KMV massive at NLL accuracy as
= a;(u)dk] | M(k,u) |“| fpln — + shown in for fragmentation

Z 2 (A.G., S. Marzani and G. Ridolfi
\' o Used for recent developments

( _) for NLL shower with massive

CMW _ _MS
as — as

1 + geMw %s particles (M. Van Beekved et al)
2r

) ’ k7
a k) =a(u)| 1+ afyln 2
O |t does not work at NNLL

o L -
k k & 1 . e
— = * - Slide taken from G. Zanderighi

aCMW(kZ)
Catani, Marchesini, Webber 1991 S0t
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Towards higher accuracy: scale of the coupling and CMW scheme

In order to improve the accuracy of our calculation one the missing ingredients is the running
coupling:

as2 (u*)[dk]| M 1—100p,N.A.(k) T asz (ﬂz)J [dky1[dky] | My 4 (Ki, k2)53(k — ki — ky) O This prescription is perfectly

fine even if the emitter is
5 , k> KMV massive at NLL accuracy as
= a;(u)dk] | M(k,u) |“| fpln — + shown in for fragmentation

7 27 (A.G.. S. Marzani and G. Ridolfi)

o Used for recent developments

2 ~rs for I\_ILL shower with massive
a(k?) = as(,uz)(l +af,In ,u_t2 ) alMW — MS (1 n KCMWO‘; ) particles (M. Van Beekved et al)
T

O It does not work at NNLL

Repeat the calculation for massive emitter
Catani, Marchesini, Webber 1991
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Running coupling scale(s!)

P11 P2 1
O |n the massless case, the previous definition is not ambiguous: 2(p; - k)(p, - k) _ kl; 1 k2

© In the massive case, the eikonal is not simply the k, of the emission. The definition of the effective
coupling depends on which kinematical property of the emission we fix:

o o(as(u?), k7 y) = = | dPwg(k) (y — log k—+) -~ as(u2>(1 ANl e | SCalS thatappear massiess case s
NI k, ~ adu?)| 1
A (ag(u), kf,z) == | dkwg(k)o | z > s\H
2. Pi+

- Scale that appear in quasi collinear
‘ factorization (Catani et al.)

e The difference between the two is NNLL
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Physical interpretation

This happens because of the different scaling of the scalar product in the two case.

1 2pi-p)  mpomy | @ fixed rapidity
(KHFE\ (pr-B)(p2-k)  (pr-k)y> (pp-k)* ) (L=l f = k2K

1 2(py'p)  omiom3 ot I
ke \ (pr-b)(pa- k) (pr-k2 (py-k)2 ) (1 =0l (k2 + 22m3r)?

@ fixed momentum fraction

Euristic interpretation:

 atlargeangle k, ~ k. = U = kt2

» Inthe collinear region k. K k, ~p;, = ,l/t2 = kt2 +77my

15



Conclusion and outlook

)

 Examined recent results on jet angularities for H.F. jets

e Examined choice of the resummation scale in the case of massive emitters

» Cross-check against the g soft function obtained in Catani et al. and S. Devoto and J. Mazzitelli

 Comparison against two loop anomalous dimension (A. Manteuffel, R. Schabinger and Hua Xing
Zu ,N. Kidonakis )

* [est our prescription for substructure observables

Thanks for your attention!!!
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Comparison against SHERPA
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Transfer matrix approach

Hadronisation correction included with the transfer matrix

approach (Reichelt et al.)

~ Japsgam (77 = V(P)) 6™ (5" — V(1 (P)))
[ aPigzstm (o - V(P))

e \We consider distribution of kinematic variables and

observables to determine the transfer operator

» Migration of the cross section in different p, bins from

parton to hadron level due to UE and hadronization
corrections

e [ransfer matrix almost diagonal, due to the fact that we
keep the B hadron stable (less fragmentation product).

pr migration matrix — heavy-flavour jets

408 < pt < 1500 0.0 0.986

326 < pp < 408 3.4e-6 0.014 | 0.958 | 0.014

254 < p1 <326 1.4e-5 0.0 0.954 | 0.030

186 < pr < 254 0.032 | 0.954 | 0.0

150 < pp < 186 1.3e-6 0.040 | 0.0 00

120 <pp < 150| 1.4e-6 0.034 | 0.907 | 0.04

Hadron-level pr bin

88 < pr <120 0.050 0.9 0.0 2.0e-5

65 < pr < 88 0.084 | 0.890 | 0.048 1.0e-5

SIRg i) 0.136  0.844 | 0.058 1.0e-5

Parton-level pr bin
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Hadronisation corrections via transfer matrix
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* For both cases the transfer matrices have rather large off-diagonal elements, populating significantly larger
observable values at hadron than at parton level.

» Jets migrating towards higher transverse momentum also exhibit a larger mean angularity value than jets that have
similar p, at hadron and parton level.

 The downward migrated jets are distributed more similar to the unmigrated jets, with a distribution peaking at
roughly the same value. 20



Comparison to CMS data for untagged jets

P 5et € [50,120] GeV, hadron-level
| | | |

P 5et € [50,120] GeV, hadron-level
| | | |

oo

co

Ungroomed Groomed
inclusive j. inclusive j.
~< 6 o ~< 6 o
= —— NLL'+NLO+NP o —— NLL'+NLO+NP
E : binit E J 1 b-init
T 4l . o 4l -
S q/g-1nit. S | q/g-1nit.
- : { Data > | ¢ Data
N—" 2 | | N—" 2 L1 |
s s } s
_I )
0 | [ L | | 0 | _H._l | |
o | | | o | | | |
~ g log — - g 1.5 —
o
ST 1.0t : S5 Lot ;
g R 0.5 g R 0.5+ =
& 50 | | | | & 40 | | | |
' 0.2 0.4 0.6 0.8 1 ' 0.2 0.4 0.6 0.8 1
AL [Width] AL [Width]

Comparison against CMS data for the inclusive case for NLL+NL+NP angularity distributions

* We refine the theoretical framework of S. Caletti et al. by incorporating contributions from b-initiated jets and by
including running coupling effects in the light flavour case

 Blue band: light quarks + gluon, Orange band: b—jets. Good agreement with data, confirming the results of S. Caletti

et al. 21
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Sketch of the calculation for the effective coupling

The ingredients to determine the effective coupling are:

o One loop eikonal current computed in Catani and Grazzini, |. Bierenbaum, M. Czakon and A. Mitov, M.
Czakon and D. Heymes

o (Calculation of the web-function (A. Banfi, B. EI-Menoufi, P.F. Monni)

WQ,NLO :Ne(kT){ (Qﬂ;d_l 0+

g AN Virtual correction of the tree level
B eikonal current ‘

 Tree level current for the emission |
| of two soft partons |

- =" )

‘Wég(k‘la kz)LO + ang?(kl, kZ)L }

d?% d?%
+ | Gyt et (D3 (0% — by — )

. L . 1
The effective coupling is then computed in terms of the 2N L2\ — 2
web function as (Catani et al.): A plag(u”), ki) = Jdk Wwe(K)

o Alternative approach: inverse Fourier transform of the fully differential soft function computed in position
space (Ze Long Liu and P.F. Monni)
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