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Changing m, by ~2 GeV around 173.1 GeV

the turnover where the Higgs potential becomes
negative changes by 6 orders of magnitude:

10% — 104 GeV.
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MITP Workshop March 2014

2nd week on top quark mass

Extraction from the
total ttbar cross section

C. Schwinn:
“Status of mtop determination
from the total cross section”

S. Moch:

“Determination of the
running top quark mass”

Extraction from
kinematic distributions

M. Schulze:

“Top quark mass determination
from kinematic distributions”

P. Uwer:

“Determination of mtop
using jet rates at the LHC”

A. Papanastasiou:
“Unstable top quark and
effective field theories”

Implications for
BSM physics

J. Espinosa:
“Implications of mtop
for EW Vacuum Stability”

M. Lindner;

“Relevance of the exact
mtop value for BSM ideas”

N. Zerf:

“SUSY corrections to top
production at threshold”

Measurements
in e‘e collisions

J. Piclum:
“Determination of mtop
from threshold at the ILC”

J. Fuster:

“mtop perspectives at
the future linear collider”

A. Hoang:
“Event shapes with
massive final state jets”

Experimental summary
(ATLAS & CMS)

M. Mulders:

“mtop and LHC activities”




Experimental summary

First top mass World Average

Tevatron+LHC m  combination - March 2014, L =35 fo'-87M"

ril

ATLAS + CDF + CMS + DO Preliminary

——— = 172.85 + 1.12 (0.52 + 0.49 + 0.86)
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Experimental summary

Mass definition

L = 4.9 fb~! of data, refer to the ¥ — lepton+jets, #f — dilepton and tf — all jets channels [16-18]. In
all measurements considered in the present combination, the analyses are calibrated to the Monte Carlo (MC)
top-quark mass definition. It is expected that the difference between the MC mass definition and the formal
pole mass of the top quark is up to the order of 1 GeV (see Refs. [19,20] and references therein). by

Proposal 1a (to be refined by A. Hoang) - replace this disclaimer by: “The
uncertainty on the translation from the MC mass definition to a theoretically
well defined short-distance mass definition is currently estimated to be of the
order of 1 GeV []”

Proposal 1b : provide a Table (or code) to translate the MC mass (?) to the
Msbar mass definition?

Proposal 2 : quantify the systematic uncertainty of experimental observables
related to the mass interpretation, by comparing the prediction of the MC
Tool “of choice” to a well-defined NLO calculation as a function of kinematic
variables, similar to what was done in CMS-TOP-12-029 (see next slide)

21/03/2014 Martijn Mulders (CERN)




Extraction from the total cross section

Iz Mass measurement from cross section 2

Theory prediction for o,; in QCD:

. i .
function of a,, m,, PDFs | TPy, YT Y, Lt AR
. ] = e HMLG - MSTWSHALO:
Proposal: determine i, in - Langaniei o o
. PE— 00 . Eldonmain
well-defined scheme (pole, MS,...) p—
from #,; measurement
(Langenfeld /Moch /Uwer 09) w0 |
Experimental measurement
_'l Crnes hrm:_' 9 b alj
depends on mMC Wiamar e e snpannce on
. D1L| BT ™ I T R T '|II:I
used to determine acceptances ™ (Gav)

Earlier experimental results: (for MSTW and NNLO.gws from Langenfeld et al.)

e DO: m, lfi?.ﬁft:g GeV L.ISiﬂg Tof 5-13:5:::3 pb

o CMS: m, =170.377 % GeV using o; = 169.9 + 18.4pb

This talk: focus on pole scheme, take a,, PDFs as input

{M5-scheme, simultanecus fits = Swven's talk)

C. Schwinn Top mass determination from the total cross section MITP workshop Mainz




Extraction from the total cross section

UMl
FI'EFU R

Total top-pair production cross-section 4

Full NNLO calculation (Barnreuther /Czakon /Fiedler/Mitov 12-13)

NNLL resummation
Soft threshold logarithms o, log 3 {Czakon /Mitov/Sterman 09)

Threshold logs and Coulomb corrections a./3 (Beneke/Falgari/CS 09)

Programs including exact NNLO result

e TOP++ v2.0: NNLO+NNLL (soft) (Czakon /Mitov)
e HATHOR v1.5: NNLO (Aliev et al)
e Toprixs v2.0 NNLO+NNLL (soft+Coulomb) (Beneke et al )
EW corrections ~ 2% (Bernreuther, Fiicker/Si; Kiihn /Scharf/Uwer, 05 /06)

EW corrections to pole=MS mass relation? (Jegerlehner /Kalmykov/Kniehl 12)

C. Schwinn Top mass determination from the total cross section MITP workshop Mainz




Extraction from the total cross section

Total top-pair production cross-section 5

Comparison of different approximations

with theoretical uncertainties (excluding PDF+a, uncertainties)

e 5% theoretical uncertainty at NNLO; +3-4% at NNLL

oy pb] LHC (§ TeV) Topixs {Beneke et al )
" r SCETD 1IPLPIM{Ahrens et al.)
2RO m=1733, MSTW2008 PIKi i
L HATHOR 1.3 {&hevy et al)
160 [ top+ +{ CrakonMitov)
240 [ { l } * * +
B {
220f { {
200 F
[ NLD NNLO, e NNLO NNLL NNLL ATLAS CMS
180L +MNNLOy e +MMLOY

C. Schwinn

Top mass determination from the total cross section

MITP workshop Mainz




Extraction from the total cross section

UNI
FREIBURG

Mass measurement from cross section 10

Further potential example measurement ( ATLAS - CONF - 2013 - 097)

"J!Uai

ey

= —0.26% GeV !

7 (8TeV) = 237.71 11 ph

Results for NNLO, default PDF value for a.

MSTWO08 CT10 NNPDF2.3 ABM11

my | 1740000 | 174370 | 1748t | 166477

e Effect of NNLL prediction: 174.0"! — 174.2*3 %

o Effect of m, = mMC £ 1GeV: Am, = +0.1GeV

e 50% reduction of exp. uncertainty: 174.2757 — 174.2737
e 50% reduction of th. uncertainty: 174.2"35 — 174.075]

e 50% reduction of both uncertainties: 174.2%30 — 174.0" ]

C. Schwinn Top mass determination from the total cross section MITP workshop Mainz




Extraction from the total cross section

Quark mass renormalization

® Heavy-quark self-energy X(p, my)

+ -®' T T = P —myg _iE{IJ,mu}

QCD .

® QCD corrections to self-energy X(p,my) ; m

® dimensional regularization D = 4 — 2¢ . .
® one-loop: UV divergence 1/¢ (Laurent expansion)

Dot
(1}, bare; . {.i H o N l : ] v l :
¥ (p,mg) = o ('_mz) {{pf mg) ( Cg ; -+ fln.) + my (3(.;; ; —|—f|n.)}

g

* Relate bare and renormalized mass parameter m,*"* = m}™ + dmq

S (p, my) (Zy = 1)p = (Zy — L)im,

Sven-Olal Moch Determina®on of e runmng 109 quark mass — p.




Extraction from the total cross section

Mass renormalization scheme

Pole mass

® Based on (unphysical) concept of top quark being a free parton

* m,™ coincides with pole of propagator at each order

P —mg —X(p,myg) — P mPee

q
3;:1'.'.'(1.

® Definition of pole mass ambiguous up to corrections O(Agep)
* heavy-quark self-energy (p, m, ) receives contributions from regions

of all loop momenta — also from momenta of O(Agep)
M S scheme
® MS mass definition
® one-loop minimal subtraction
oo ) DR s 1 1 - ;
(‘]'mar = My = 3CF (E v + In —l?r)

® MS scheme induces scale dependence: m(p)

Sven-Olal Moch Determina®on of e runmng 10 quark mass — pob




Extraction from the total cross section

Total cross section

Exact result at NNLO in QCD

Czakon, Fiedler, Mitov ‘13
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at LHC8
® =173 GeV

170

mP= [GeV] wmpoe

* NNLO perturbative corrections (e.g. at LHC8)
* K-factor (NLO — NNLO) of O(10%)
* scale stability at NNLO of O(+5%)

Swven-Olal Moch Determination o the unning lop quark mass —p.11

m i A A B s




Extraction from the total cross section

Sven-Olal Moch

|
Total cross section with M S mass
Ex
Ceal ® M S mass definition m(ur) realizes running mass (scale dependence)
600 ® short distance mass probes at scale of hard scattering
S0 ® conversion between pole mass and M S mass definition in
400 perturbation theory: m: = m(ug) (1 + as(pr)d" + as [;:.H}zd[z})
300 ® Good apparent convergence of perturbative expansion
200 ® Small theoretical uncertainity form scale variation
T T T T T T T T T T T T T T T T ' I ' ' :
100 600 ; f ‘Gmﬂ“_ b 4t LHGS ] 260 Oy [PD] @ LHCE
0 500 F — NNLO 240 m(m) =163 GeV =
L A N NLO 220 JEPPETCLT E
L0 200 ' e T3
300 - 180 e =
T : 160 =
200 [ . E 3
. : - . 140 3
00 E T 120 =
. ] 100 =
0 [ | T T I | 3
140 150 160 170 180 ;
m(m) [GeV] u/m(m)

Determinalion o the nnning o quank mass —p.12




Extraction from kinematic distributions

Top quark mass determination from kinematic distributions

m distribution

« Shape of my, distribution

II T T T T T L T L o T bl L bl L o L o L L T T IIIIT
| o L0 band | —— my= 171 GoY 0
i L 4 0.06
g = 179 Gl r\"—l—l
3 g I |
- L | 4 0.05 o
W r J -
[ L | 4 0.4 =
= 20 E b |
) I ] r ]]. o (IR
5§ ' s
B 10 A :' . 4 0.02
= L 4 0.01
: i 1
I L L L L L L L L L Il
i ) i &l & 100 130 140 160 {l a0 Tl 800 100 120 140 16D
iy, [Gel) iy [GeV]

— Good sensitivity within the range miep € [171..179] GeV

M.Schulze

1-A®




Extraction from kinematic distributions

Top quark mass determination from kinematic distributions

myp distribution

Study of finite width effects and non-factorizable corrections

[Denner, Dittmaier Kallweit, Pozzorini, M.5.]

|I_|:__I_ PR =+ I_|"||. |__|||‘|l_\ .
= = T Te} LOY /INLL)Y ]_-l
1 ¥ 1 i r T
Ak
10 - | — WWhil
__J_J"' gy B ik T | |
1
i | 1
] Rl b
il (ALl 1 M0
(e WWhhb = 1 %)
a1 —  NLO WWhi 0 frra - ---mT
) NLO
= L0 WWh: = ™= /T3] = NLO
L0y i N [— L) SN -
I 1 i
A 1 1 | 1] 11 15
M+, [GeV] M.+, [GeV]

M.Schulze




Extraction from kinematic distributions

Top quark mass determination from kinematic distributions

The J/y method

« Basic idea:
Study my sy from top quark decay in a “very” leptonic decay channel
— Clean final state vs. low event rate
i v
I w W

f f
h . b

* One in 10°top quark pairs decays in this channel.

Hence, an integr. luminosity of ~100 fb! is required to obtain O(1 GeV)

» With relaxed assumptions, uncert. of O(1.5 GeV )seems possible with 20 fb!

NM <chiilza




Extraction from kinematic distributions

Top-quark mass from jet rates

[S. Alioli, P.Fernandez, J.Fuster, A. Irles, S. Moch, PU, M. Vos '13]

To enhance mass sensitivity study:

R(m p ) - 1 def+1Jet
poles M§/) —
Ciit1det  APs

2
with Py = gl y Mo = O(H’!)

,-—S - )
tr+1Jet l.e. m, =170 GeV

. 4mj - - .
ps similar to p = = used in incl. #7 production

(mpDIE)

many uncertainties cancel in ratio

Peter Uwer (HU Berlin) | Top-quark mass from jet rates at the LHC | MITP Mainz, March 2014




Extraction from kinematic distributions

To

[S. Alioli, P.Fernandez, J.Fuster, A. Irles, S. Moch, PU, M. Vos '13]

rer7r¥yr7¥yrYrrvr{7rvrvrvrvryvrrrrr1rrrrrrrTrrTrrrTrrTrrTrTrrTrTrTa

=== 160 GeV, CTEQB6.6 - 170 GeV, MSTW

B8 170 GeV, CTEQ6.6 ~— = 180 GeV, CTEQ6.6

Crossing due

to normalization

0.5
0
3 o =
= * =
2 o =
b e e e e
e . : , . , =~ 3
0.2 0.3 0.4 0.5 0.6 0.7 0.8
high energy p,g— threshold

Peter Uwer (HU Berlin) | Top-quark mass from jet rates at the LHC | MITP Mainz, March 2014




Extraction from kinematic distributions

m spole _

Estimate of uncertainties

[S. Alioli, P.Fernandez, J.Fuster, A. Irles, S. Moch, PU, M. Vos ‘13]
Dominant uncertainties:

" PDF uncertainty: ~0.2 GeV )
" Scale uncertainty:  ~0.6 GeV
> 1.2 GeV
= Color reconnect.: ~0.4 GeV
" JES (+/- 3%): ~0.8 GeV

Mass independent unfolding possible

- Promising alternative

ATLAS analysis is underway

Peter Uwer (HU Berlin) | Top-quark mass from jet rates at the LHC | MITP Mainz, March 2014




Extraction from kinematic distributions

EFT appraach b pplication: mass schen

Expansion — EFT structure

Matrix element organization ~ Wilson coefficients x operators
& dynamical degrees of freedom

Operators: production, propagation & decay of heavy tops

Dynamical dof: soft gluons

A, Papanastasiou [DESY) An EFT approach to finite-width effects MITP, Mainz




Implications for BSM physics

J. Espinosa

LIWVING AT THE EDG

M




Implications for BSM physics

LiIFE IN A METASTORLE VacLOM

J. Espinosa

my, = 126 GeV

0.06
0.04 - m, = 173.2 GeV |
ot a3 (M) = 0.1184 1
3 ,
’;!“J 002} " |
¥ os) e meimaoy A Stabiloby
S 0.00} & — ] ' !
é [ u,[i!1 UHug ] 31‘\“ 'qusdule.. ?
= . e
g —0.02 5“--%.:1;.{.'.!—}:{]_'['1".-'" |
T e
I m. = 175 GeV
-0.04 -
006+ e TTITIT LI LI LI [IHTA Unstable

1{}2 ]D-I lﬂl.'l |[]3 “'}ll.] ]DIE “}l-'l |ﬂ]ﬁ “]lﬂ 1[}2’0

Va.couv
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Implications for BSM physics

LIWING AT TRE EDGE.

J. Espinosa

200 |

Top mass M; in GeV

0 50 100 150 200
Higgs mass M, in GeV




Implications for BSM physics

J. Espinosa

LIWWING AT TRE EDGE.

Top pole mass M, n GeV

180

178

176
174 |-

172

120 122 124 126 128 130 132
Higgs pole mass M;, in GeV




Implications For BSM physics

NNLO STADILTY BOOLND

LDNET bouna( o Hh -Fb'r- .SJCa.bLliA'j op +o le .

.S‘ha.'ke—op—"f\‘re--—aft NNLD c;..lmla:\'\:an:
b _ Z“LbbP \fcﬂ’g (vacl_)ja.c\c,%m,s [‘:"n/oullqaj)

-3 ‘—lnﬂF Rees (..., Che:\‘ﬂ\—ki.n,%a\let [‘:a‘n/lz.;;*_:,_'z,g-ffz'_lJr
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J. Espinosa




Implications For BSM physics

B3IM @ STABILITY
Even withovt naturalness , BS™M rmusT exist..,
Tis Lm?a.c't or the #-l\‘a&s é.u.s'tp.ba,ld:j con be
Exam?le,
IRRELEVANT See - Saw neutrinos
Mg s 10'2cev

MAKE (T WORSE See - Saw wneutrinos
Mﬂglo'!‘c;e\f
CORE T See - Saw wneutrinos

M~ <S> & Dyg lRZ1S1Z
J. Espinosa labedev ' 12 » Elas-Wiro etd 12




Implications for BSM physics

INTERPLAY WiTH COSMOLOGY

BICEP2Z bﬂs news fom Howdvaﬂ:
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Implications for BSM physics

TATERPLAY WiTH CosMoLoGY

BICEP2Z bﬂﬁ'_, news fom Hou\daﬂ:

¥ exist...

: . : 16 &
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Measurements in e*e collisions

The Vector Current

coupling to ex*[c}ernal photon:

2

_ . D
QVQ =o'y +d Y ——o
Gm;

i

X+

@ determine ¢, and d, by onshell matching of NRQCD to QCD
@ NNNLO requires 3-loop result for ¢, and 1-loop result for d,

@ only hard region of QCD diagrams contributes

" ¢ = dm?
i t
4%{% M@ «/\% V\% P m?
m

Jan Piclum ( - m¢ at the ILC Mainz, 19 March 2014 10 / 18

R ratio (preliminary)

INLO: NNNLO:
I I ‘ I 1.2 I ‘ I I q

o Yo
0.8 A/

; T “em,
X ‘qé
0.4 péo

07%41 342 343 3 345 346 0'%41 342 343 344 345 346

PS scheme: m}S = 171.3 GeV, I'y = 1.4 GeV, a(Myz) = 0.1184
po= 50— 175 GeV

final cross checks and analysis of (separate) scale dependence are under way

Jan Piclum (RWTH Aachen) my at the ILC Mainz, 19 March 2014 17 / 18

. .
I . Top-quark mass: threshold scan
K. Seidel, F. Simon, M. Tesaf, S. Poss, Eur. Phys. J. C73 2530 (2013)
= Correlation of M: and as: Simultaneous 15 top mass and @, combined 213 fit
determination 1, stal, error 27 MeV
iy theory syst (195/3% SMEV L9 MeV
; ; ¢ Stat. error 0.0008
* Experimental systematics (beam ensrgy, a: lh‘L‘UT\' sysL (15035 OLRKT £ U222

luminosity, luminosity spectrum, background &
efficiency, ...):
— No dependence on location of scan energy
- 5% uncertainty non-tt background, 18 MeV
— 10 precision on beam energy (machine
parameters and LEP experience), 30 MeV
— 20% uncertainty on lumi-spectrum, 75 MeV

LXELS 2e

,v: c.1180)
LREEIS R

[t ]

+ Theoretical uncertainties in 18 mass scheme -
comparable to statistical errors, currently O(100 1T s mpm:ﬁ;w
MeV) due to additional uncertainty when

translating to MS mass

Total uncertainty ~100 MeV is in reach and can be further improved

J. Fuster 2

Outlook & Conclusion

Conclusion:

/f% %

— VFN Scheme for final state jets

This talk: «* 5 Upcoming:

A4 / \j'; \":.
NN A

— Upcoming: \... \m

—» Combination with ACOT scheme for PDFs (DIS)

— beam functions
— etc.

[y Conceptually important.
— Relevant issues where VFN scheme for jets is important:

— (top) mass measurement from jets (reconstruction)
— MC mass systematics (Is the MC a more model OR more QCD?
— intrinsic charm and charm mass determinations (e.g. DIS)

MITP High Precision WS, March 20, 2014
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CERN mini top quark workshop, May "14

First studies of hadronization effects and color reconnection on mtop determination

New observables: Best balance between large sensitivity and small systematics
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In the range mep = 171 =
Mpore = T x [1 +0.047 4+ 0.010 4 0.003] = 1.060 x 7

175 GeV, o5 is ~constant, and, using the 3-loop expression above,

showing an excellent convergence. In comparison, the expansion for the bottom ﬂuark
mass behaves very poorly:

My e =M % [140.09 + 0.05 + 0.04]

Assuming that after the 3rd order the perturbative expansion of mLCﬂe vs mpg start diverging, the
smallest term of the series, which gives the size of the uncertainty in the resummation of the
asymptotic series, is of O(0.003 * m), namely O(500 MeV), consistent with Aqcp




Questions, Comments, Discussion...
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