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About me...

® | am from Tehran, Iran (4,404 Km away)

North Sea e
Edingurgh i A~ l\:‘(;iiz;:v
) Denmark Lithuania 7 g ?
United . _r=
Kinad i : Vilnius
ingdom - it ®/  Minsk
1of Man g T, g Migcn .
Maonclgester Hamburg " g
Liverpool \ﬁ Belarus s
Amsterdam ./ ® o s Warsaw
] ) . Voronezh
® Y
London Netherlands } ey - =Y \ Boponex
@ . \ , T —y —~4 3
arusesels‘-‘,(;olggne Germany m‘; ki
Rt = arkiv
" Belgium .’- Frarg(fun Prague - Xapkis™ |
A % ® 4 o
Paris Czechia N e~
ri J - ) 2 -
® "5~ slovakia Ukraine '
Munich Vienna & \
[} ® — - 5
- B Budapest 4 Ve Rostov-on-Don
B S~ Austria : ® PoCToB-Ha-AAoHy
{
France Switzerland g s Y Hungary,
3 B ‘slwg"h—‘oZagr’eb v N, Romania Krasnodar
& ) = T_Belgrade KpacHoaap
S 3 Croatia(\./ "~~~ [ beorpag, o
o Bosniaand, © - - Bucharest
s Horzngo;im‘ Serbia e
Morhe Sarajevo Sofia J Black Sea
o , Italy { v Cogun
Andorra_ fijStopgcag A RosoVy, Bulgaria
oAropuua ¢ Y X
Barcelona SRome ot > |
g Tirana® !ﬂltedpql; - ) Istagbul
Mecnd - Bursa Ankara
Valencia Tyrrhenian Sea 9 ®
Spain o Greece
Athens izmir Turkey
Aegvu N
# b Tunis
e Alglers
ou;mw .J_ahl.--u oy alaye Adgna ’
b Malta
Cyprus Syria
Mediterranean Sea F=2
Tunisia A L'},"’"°"
Tripoli Beirut 5Damascus
| f 1
| uﬂg)b gy [} S0
Alexandria il ]
a,usLyl  Jerusaleme,  Jordan
© Cairo Israel
Lall
%
Google

fioelopod Kazan
KasaHb
o
Ufa
Y%a
Samara
Cangapa
Saratov Orenburg
Capgros ope,c.‘sypr
Volgograd
Bonrgrpag
Makhachkala
Maxaukana
2 o
" Thilisi
ke aomb o Vo Caspian Sea
Azerbaijan ®Baku
~ Mehrabad
International Airpoanehm"
Baghdad
slaes
@
Iraq
Iran

__Kuwait

Chelyabin
Henngm«

Turkmenistan
OAshgabat

Hamburg 2019

1/12



About Iran

Some Facts

* Muslims, Zoroastrians, Christians and Jews are living “peacefully”

* Two salt deserts covers 25% of Iran’s land area

* |ran has the third highest number of UNESCO
world sites in Asia
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About me...

Academic Carrier

® 2012 — 2016 PhD from University of Vienna under supervision of
Andre Hoang

* 2016 — 2019 First postdoc at University of Siegen
® Since Oct. 2019 Second postdoc at DESY, Hamburg

Hobbies

* Playing persian music (Kamanche)

* Dancing LiINdY HoP
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Research Overview

®* Charm and Bottom Quark Mass Determinations from QCD Sum Rules

® Top Quark Mass Calibration for Monte-Carlo Event Generators

* Automated Calculation of N-jet Soft Functions at NNLO

* Inclusive Top Quark Pair Production at Future Linear Colliders

® Evolution Kernel of B-meson Light Cone Distribution Amplitude at Two Loops
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Research Overview

® Charm and Bottom Quark Mass Determinations from QCD Sum Rules
[BD, A.H. Hoang, V. Mateu, I. W. Stewart, S. M. Zebarjad (2013) ]

[BD, A.H. Hoang, V. Mateu (2015) ]

® Top Quark Mass Calibration for Monte-Carlo Event Generators
[M. Beutenschoen, BD, A.H. Hoang, V. Mateu, |. W. Stewart (2016) ]

* Automated Calculation of N-jet Soft Functions at NNLO
[G. Bell, BD, T. Mohrmann, R. Rahn (2018)]
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Charm and Bottom
Quark Masses



Charm Quark Mass

m.(m.) = 1.27 + 0.02GeV » Most precise determinations:
(€ (&) J . © g
[PDG 2019] QCD sum rules — ;7= | S5 R ox(s
WEIGHTED AVERAGE Lattice
1.2705+0.0031 (Error scaled by 1.0)
2
JI X

' = ABRAMOWICZ 18 HERA

''''''' BAZAVOV 18 LATT
""""" NARISOMN 18A THEO
--------- NARISOMN 188 THEO

0.1
0.3
1.2
— [y PESET 18 THEO 241
-------- CHETYRKIN 17  THEO 1.1
--------- ERLER 17  THEO 0.0
---------- KIYO 16 THEC 1.1
--------- CHAKRABOR...15 LATT 0.0
------ DEHNADI 15 THEC 0.8
— = CARRASCO 14 LATT
e ALEKHIMN 13 THEO

-------- SAMOYLOV 13 NOMD
-------- BODENSTEIN 11 THEQ 0.7
-+ LASCHKA 11 THEO

--------- AUBERT 10A BABR
... ... SIGNER 09 THEO
7.4
(Confidence Level = 0.599)
| | ! | |

1.15 1.2 1.25 1.3 1.35 1.4 1.45

[Taken from PDG 2019]
Hamburg 2019 5/12



Charm Quark Mass

(7)) = 1.27 + 0.02GeV » Most precise determinations:

el
QCD sum rules — me =/4 zsn%Rm—ﬁcm(S)

WEIGHTED AVERAGE Lattice

1.2705+0.0031 (Error scaled by 1.0)

»L f » How much reliable?
ABRAMOWICZ 18 HERA X H H : :
BAZAVOV 18 Lamr oA Rfalle_d_heavny on tr_leoretlcal m_pu_t
NARISON 18A THEO 0.3 (significant modeling uncertainties)
- MNARISOMN 188 THEO 1.2 . )
PESET 18 THEO 2.1 X Same algorithms & perturbative
CHETYREKIM 17 THED 1.1 .
ERLER 17 THEO 0.0 series
CKIYO 16 THED 1.1 . .
CHAKRABOR. 15 LATT 0.0 ¥ Common method for estimating Unc.
DEHMNADI 15 THEO 0.8 .
CARRBRASCO 14 LATT X C0n3|stency to each other for
ALEKHIM 13 THEO 1 iFi 1
SAMOYLOWV 13 NOMD jUStIfIC&tIOn
BODEMSTEIN 11 THEO 0.7
CLASCHKA 11 THEO
AUBERT 10A BABR
- SIGMER 09 THED
7.4
(Confidence Level = 0.599)
l |

1.4 1.45
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Charm Quark Mass

(7)) = 1.27 + 0.02GeV » Most precise determinations:

el
QCD sum rules — me :/4 an—iRe+e——>CE+X(5)

Lattice

WEIGHTED AVERAGE
1.2705+0.0031 (Error scaled by 1.0)

!

v?2  » How much reliable?

ABRAMOWICZ 18 HERA i i ; :
BAZAVOV 18 Lamr oA X Rfalle_d_heavny on tr_leoretlcal m_pu_t
NARISON 18A THEO 0.3 (significant modeling uncertainties)
- NARISON 18B THEO 1.2 . )

PESET 18 THEO 2.1 X Same algorithms & perturbative
CHETYREKIN 17 THEOC 1.1 .

ERLER 17 THEO 0.0 Series
- KIYO 16 THEGC 1.1 . .
CHAKRABOR. 15  LATT 0.0 ¥ Common method for estimating Unc.
DEHNADI 15 THECQ 0.8 X .

CARRASCO 14  LATT ConS|stency to each other for
ALEKHIN 13 THEO i ifi i

SAMOYLOV 13 NOMD jUStIfIC&tIOﬂ

BODENSTEIN 11 THEC 0.7
'LASCHKA 11 THEO » Our results (QCD sum rules)
AUBERT 10A BAER _ .
* SIGNER 09 THEO v Combine all experimental data

7.4
(Confidence Level = 0.599) ¥ Different algorithms for determining
l |
1.4 1.45 the mass

Y New method for estimating Unc.
Double scale variation
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Charm Quark Mass

m.(m.) = 1.27 + 0.02GeV

WEIGHTED AVERAGE
1.2705+0.0031 (Error scaled by 1.0)

!

ABRAMOWICZ 18

- BAZAVOV 18
NARISOMN 18A

- NARISON 18B
FESET 18
CHETYRKIN 17
ERLER 17

- KIYO 16
CHAKRABOR...15
DEHNADI 15
CARRASCO 14
ALEKHIMN 13
SAMOYLOV 13
BODENSTEIN 11

- LASCHKA 11
AUBERT 10A

- SIGMNER 09

1 |
1.4 1.45

HERA
LATT
THEOQ
THEOQ
THEO
THEO
THEO
THEO
LATT
THEOG
LATT
THEO
NOMD
THEOQ
THEOQ
BAEBR
THEO

]

<

S2errha22
(o= R TN L T

0.7

7.4

(Confidence Level = 0.599)

> Most precise determinations:

el
QCD sum rules — me =/4 zsn%Rm—ﬁcm(S)

Lattice

» How much reliable?

X Relied heavily on theoretical input
(significant modeling uncertainties)

X Same algorithms & perturbative
series

X Common method for estimating Unc.
X Consistency to each other for
justification

» Our results (QCD sum rules)

Me(TMe) =1.288 £ (0.006)stat = (0.009)syst
+ (0.014)pere £ (0.010)q, £ (0.002)(ga) GeV

as(myz) = 0.1184 + 0.0021
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Bottom Quark Mass

() = (4.18 4 0.03) GeV

WEIGHTED AVERAGE [PDG 2019] > Most precise determinations:
4.181+0.004 (Error scaled by 1.0)

QCD sum rules

2
X Lattice
= ABRAMOWICZ 18  HERA
... .. BAZAVOV 18 LATT 1.1
NARISON 18A THEO 0.1 .
NARISON 188 THEO 0.9 X Similar caveats
PESET 18 THEO 0.0
KIYO 16 THEO 06
ALBERTI 15  THEO 0.0
BENEKE 15 THEO 06
DEHNADI 15 THEO 0.0 » Our results (QCD sum rules)
BERNARDONI 14  LATT
PENIN 14 THEO 20
LEE 130 LATT 0.1
- LUCHA 13 THEO 38
BODENSTEIN 12 THEO 1.1 |_
DIMOPOUL.. 12  LATT my(mp) =4.176 £ (0.004)star £ (0.019)syst £ (0.010)pert
------ LASCHKA 11 THEO 0.0
------ AUBERT 10A BABR 0.0 + (0.007)q, £ (0.0001)gq) GeV
-------- CHETYRKIN 09 THEO 1.2
 SCHWANDA 08 BELL _ 1.6
31 as(myz) = 0.1184 £ 0.0021
(Confidence Level = 0.596)
| |

4.06 4.1 415 42 425 43 4358 44

[Taken from PDG 2019]
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Top Quark Mass



Top Quark Mass

2019 Review of Particle Physics.
M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018) and 2019 update.

QUARKS

t

1(JP)=001/2%)

Charge = 2 ¢ Top = +1

See related review:
Top Quark

INSPIRE search

f=

JUARK MASS

t-Quark Mass (Direct Measurements)

172.9 + 0.4 GeV (S = 1.3)|

t-Quark Mass from Cross-Section Measurements
t-Quark Pole Mass from Cross-Section Measurements

160+3 GeV
173.1 + 0.9 GeV

[Taken from PDG 2019]
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Top Quark Mass

2019 Review of Particle Physics.
M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018) and 2019 update.

t-Quark Mass (Direct Measurements)

The following measurements extract a t-quark mass from the kinematics of 1z events. They are sensitive to the top quark mass used in
the MC generator that is usually interpreted as the pole mass, but the theoretical uncertainty in this interpretation is hard to quantify.
See the review "The Top Quark" and references therein for more information.

OUR AVERAGE of 172.9 £0.4 (GeV) is an average of top mass measurements from LHC and Tevatron Runs. The latest Tevatron
average, 174.30 +0.35 +0.54 GeV, was provided by the Tevatron Electroweak Working Group (TEVEWWG).

VALUE (GeV) DOCUMENT ID TECN COMMENT
1729 + 04 OUR AVERAGE Error includes scale factor of 1.3.
172.25 +£0.08 £0.62 1 SIRUNYAN 2018DE CMS £+ > 4 (2b) |
172.95 +0.77 ¥33] 2 SIRUNYAN 2017L CMS t -channel single top production
172.84 +£0.34 +0.61 3 AABOUD 2016T  ATLS combination of ATLAS
172.44 +0.13 +0.47 4 KHACHATRYAN 2016AK CMS combination of CMS
174.30 +£0.35 +0.54 5 TEVEWWG 2016 TEVA Tevatron combination
Conceptual problem: What is m M ? .

— Additional conceptual uncertainty in m»© ~ O(1 GeV)
[Hoang, Stewart (2008), Hoang (2014)]
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Top Quark Mass Calibration

1 do my'© =173 GeV
Basic idea: calibrate the top mass o dr, mi> (1 GeV) = 172.81 GeV

thC: mtshort-distance + O( 1 GeV)

mMSR(1GeV)[GeV]

Illlnllnlull,da
/

175F : . e ;
[ Cahbratlon : (7'26 s ) 200F E
S PyTHIA 8.205, tune 7 p 1505 —+— PYTHIA (incompatibilty uncert.) _
[ NNLL, I'y =14 GeV i —— Theory (NNLL perturbative uncert.) ]
E ,,"/ ] AOE B e L e il S
173F § 013805 1315 0.1325 01335

Strategy for calibration:
® Strong mass-sensitive observable (2-jettiness)

172

171

® Accurate analytic hadron-level QCD predictions with

. full control over the quark mass-scheme dependence

] ® Compare to sample data from MC generators

0.25- 0 e S e e

: l 1 ® Find a numerical relation:
0. | o
-0.2F | % I % { k mMC = mMSR(1 GeV) + (0.18 £ 0.22) GeV
~0.4F .

eI 172 173 174 175 Ml — mf‘)le + (0.57 + 0.28) GeV

mMC[GeV]
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N-jet soft function



N-jettiness soft function

N-jEtti“ESS Cross section: [I. W. Stewart, F. J. Tackmann, W. J. Waalewijn (2010)]

factorization theorems in soft/collinear limits

»7p

do(X

o) ):H><Ba®Bb®J1®...®JN®SN+(’)(TN) 5
d7Tn =
\ ) J

/ Y Y \

Hard function Beam functions Jet functions  |N-jet soft function // """"

)/ 4
e —5
............ {d
D

Hard function: for many processes known to NNLO
n2

Beam function: known to NNLO

Jet function: known to NNNLO

Soft function: for N=0,1 known to NNLO

N

Aim: calculating N-jettiness soft function for N>1 to NNLO
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N-jettiness soft function

Idea: Automation

* Find generic strategy to evaluate soft functions (to NNLO)
* Set up a numerical method based on universal structure of divergences
v’ Isolate singularities with universal phase-space parametrization, e.g. at NLO:

Soft divergence

—A
Sa,b(T, ,u) s F(_26> ( \/WTGVEM)% Collinear divergences (y — rapidity measure)
['(—e) —*
1 1 2¢
X /0 dy/ldcos 61 dcosfy sin~172€ 0 sinT272¢€ 9, 1T [f(y,@l,eg)}
|\ J

Y
Measurement function

v Compute observable dependent integrations numerically

/1 dx x 1M f(x) = /1 dx x 1 [ f(x) — £(0) + £(0) ]
0 0

S S

finite 1/e
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Current Research
Focus



Current Research Focus

* N-jettiness subtraction technique for studying various multi-jet processes
* Quark mass effects in exclusive Drell-Yan

* Flavor Physics: SIMBA

The gaol isto provide a global B — X;~v+ B — X, ¢v fitusing Belle Il
measurements (determine the shape function, V| , [CPV Vsl , m,)

Thank you for your attention!
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