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@ EFT in a nutshell

Goal: parametrize effects of

high-scale new physics Lerr = Loy + Z (9, + O ( L

%

)

= Gauge theory SU(3), x SU(2),. x U(1)y assumed
s SMEFT: Higgs field is an SU(2) doublet

= New physics scale A, effective higher-dimensional operators
O; built with SM fields

s Dimension-5 operator violating lepton number not considered
in this talk
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@ Diboson process and fits

How large can the coefficients C;/A? be?

s Use WTW— and W*Z channels to fit the Wilson coefficients

= Usual fits use lowest order cross section: Do NLO (QCD)
corrections matter?

2/17 | J.Baglio QCD Corrections in SMEFT Fits to WZ and WW Production VBSCan WG1 meeting, 02/12/2019



E@u Mapping anomalous couplings and EFT: VVV

Can easily map any EFT basis' over the anomalous couplings
=- use now anomalous coupling language

For the triple gauge boson couplings:

i Z
Lowz o | (1+097) (WLW 2" — Wy WHZY) + (1 + 6x7) Wi W, 2 + A>—2 Wi, W‘/‘”Z”p] ,
w

Loy o< |(WEW A" — W, WHAYY + (14 0r7) WEW, A + Aj—;vwﬁ; W‘“”A”P]
= 5 new parameters
2
. . . cos< 0
= With SU(2) invariance: A = \4, k" = THW (5912 - 5/462)
SIN" 0w

= 3 independent parameters in the gauge sector

1See e.g. [J.B., Dawson, Lewis, PRD 96 (2017) 073003, arXiv:1708.03332]
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E@u Mapping anomalous couplings and EFT: qqV

Effective Z — g — g and W — g — ¢’ couplings can be important!

[see e.g. Zhang, PRL 118 (2017) 011803, arXiv:1610.01618]

Lzqq x 2, [(gf“ + 097" iy ur + (98" + 997" )Ry ur
+ (g7 + 0970y d, + (9B + 0 9E7) Gy dR

Lowgg & Wy | (1409, )Ty + h.c

= With SU(2) invariance: 6g,"? = g2 — 6gZ°
7 independent parameters in the gauge+fermion sector

s Right-handed W couplings not included
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https://arxiv.org/pdf/1610.01618

E@u W*+W— and W=Z calculation

Implementation of the leptonic processes
pp — W W~ — e*uT +2v and pp — W*Z — e*vput i~ at NLO
QCD

s Full 2 — 4 matrix elements with single resonant diagrams
taken into account pixon, kunszt Signer, NPB 531 (1998) 3, hep-ph/9803250; PRD 60 (1999) 114037,

hep-ph/9907305]

s Anomalous gauge couplings meiia et a, Jer 11 2011) 078, arxiv:1107.5051; Nason,
Zanderighi, EPJC 74 (2014) 2702, arxivi311.1365) @ANA fermionic COUpling (nEW)

s QCD corrections are straightforward: unaffected by
anomalous EW couplings, just adapt the individual Born,
virtual, real pieces to the anomalous couplings irrespective of
QCD

s Fully differential calculation with arbitrary cuts
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E@ﬂ Our implementation in the POWHEG-BOX

W+ W~ and W*Z implemented in the POWHEG-BOX

[Nason, JHEP 11 (2004) 040, hep-ph/0409146; Frixione, Nason, Oleari, JHEP 11 (2007) 070, arXiv:0709.2092; Alioli et al, JHEP 06

(2010) 043, arXiv:1002.2581]

= Subtraction of IR divergences in the FKS scheme (rione. kunsat, signer

NPB 467 (1996) 399, hep-ph/9512328]
s Matching of the NLO QCD corrections to parton shower
s 6 4 EW input parameter schemes implemented
= Consistent O(1/A2") expansion implemented

s Choice between anomalous couplings or dim-6 EFT Wilson
coefficients in the Warsaw basis

s Our implementation publically available in the
POWHEG-BOX-V2, projects WwWanomal and WZanomal

Visit http://powhegbox.mib.infn.it/ to download the code!
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A QCD corrections: W+W—

Compare K = d LO in SM and in SMEFT for
pp — Wrw- — ei T + 21/ 8. Dawson, Lewis, PRD 99 (2019) 035029, arXiv:1812.00214]

13 TeV pp—)W w —el Vv 13 TeV pp—W W e vy
Bg,"=0.0163, 1"=0.00452, 80,0239 8g,7'=-0.00239, g, ”'=-0.0069, 8g, “*=0.00271, 8¢, *=0.0212
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QCD corrections quite similar in SM and SMEFT
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@ QCD corrections: W*Z

Same for pp — W*Z — e*vutp—:

4.57\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘\\\\

Vs = 13TeV E
uRZ,LLFIJ\/Iz/Q -
ATLAS Cuts

g ] 100; T T T T T
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4.0¢ i 1 9.0F o
35 T 6B 8.0F
e weeeeees Form. ] F - Ferm
3.0 3 705
— C _— P | — i
L ] g o0
< F - ] < 5.0k
h( 2.0‘;—'—-1;;:;; { &‘ E
S 1 e A0F
1'5? Vs =13TeV E 3.0F
1.0f pp = pp = My/2 = 2.0F
F ATLAS Cuts ] 1LoE
0.50 3 Ok
F ] 0.0
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s Benchmark scenarios 3GB = only gauge operators; Ferm =

only fermion operators

s QCD corrections very different in the high-energy bins! =
can’t approximate SMEFT QCD effects with SM K-factors

anymore
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@ Set of data for the fits

¥ fit with the following sets of data:

Channel Distribution # bins Data set Int. Lum.
WW — (+0'~ +Fr (0j) | psedn’ 1 ATLAS8TeV2 20.3fb!
WW — e*F +Er (0jf) | p£2an’ 5 ATLAS 13 TeV® 36.1fb"
WZ — ¢+0=¢0)* mwZ 2  ATLAS8TeV4 20.3fb~
WZ — ¢(+¢—¢"* +Fr | Zcandidate p¥f 9  CMS 8 TeV® 19.6 fb~!
WZ — ¢+ (0 mwZ 6 ATLAS 13 TeV® 36.1 b
WZ — (000 L Er | mW2 3 CMS13TeV’ 359fb"

[ATLAS, JHEP 09 (2016) 029, arXiv:1603.01702]
[ATLAS, EPJC 79 (2019) 884, arXiv:1905.04242]
[ATLAS, PRD 93 (2016) 092004, arXiv:1603.02151]
[CMS, EPJC 77 (2017) 236, arXiv:1609.05721]
[ATLAS, EPJC 79 (2019) 535, arXiv:1902.05759]
[CMS, JHEP 04 (2019) 122, arXiv:1901.03428]

N OO o AWON
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@ Primitive bins

Calculation of a set of 35 primitive differential xs for W™ W~ and
15 differential xs for W*Z, at a given QCD order

[see J.B., Dawson, Lewis, PRD 99 (2019) 035039, arXiv:1812.00214]

do(C) = dosy (1 —~ zmj C,-) + Em: Cido(1; R)) + Em: C? (da(2; R)) — do(1; ﬁ’/))
i=1

i=1 i=1
m
+ 3" CC(do(2: My) - do(2; Ry) - do(2; ) + dosu)
i>j=1
m Formula at order O(1/A*) for a set of m Wilson coefficients C= (Ci)iz1..m
= Primitive do(n; R;) is do at order O(1/A2") with C; =1, C; = 0 (j # i)

= Primitive do(2; M) is do at order O(1/A*) with
Ci=1,Ci=1,Ck=0(k#i k+#j)

Can compute in a fast way any bin with arbitrary anomalous
couplings
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Fitsto WTW—

alone
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3gf sgf 37"

s NLO QCD effects very mild <= QCD radiation dominate, not
spoiled by anomalous couplings

s 5<% constrained at the same level as the other anomalous
couplings
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Fits to WTW— + W=Z data

002 T T T T 0040 T T T T T T T T

| ATLAS + CMS, 8 + 13 TeV ] " ATLAS + CMS, 8 + 13 TeV 1 002 ATLAS 4+ CMS, 8 4 13 TeV 1
CWW W2 1  WW+WZ ’ CWW+WZ 1
N 1 0.02 - - 0o0lk " L ]

—NLO
N 3

0.00 - 1 & ooop . ig 0.00 -
ool Nl T ] o02| . —0otF - ]
R LO 95%C.L. | [ - LO 95%C.L. | [ 95% C.L. |

0 02? —_NLO 0k, 0g7 ) =0 | . —NLO M sgli =0 1 o) 6g7,0k%, 897" 597" =0

Y. O e e e e e e e ey Y. O v v b v b v v b v b b M T S I T ST O NN SO S SO SO AT ST ST |
—0.02 —0.01 0.00 0.01 0.02 —-0.03 —=0.02 —-0.01  0.00 0.01 0.02 0.03 —0.02 —0.01 0.00 0.01 0.02
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s NLO QCD effects visible (amplitude 0 spoiled)

= Subleading dependence of W*Z on §x4 at high energies = fit
dominated by W* W~ data = LO and NLO results similar
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)\Z

A Fitsto WTW— + W=Z data

Same NLO QCD effects in profiled fits:

002,‘ L O 7' N L L L L L L '7 L L L I
| ATLAS + CMS, 8 + 13 TeV ] 020k ATLAS + CMS, 8 + 13 TeV i 001k ATLAS +CMS, 8 + 13 TeV i
 WW+WZ 1 L WW +WZ - ]  WW+WZ 1

0.01F ] [ O N LO

0.10F - o2 |\ ... -
—— NLO -
N ~
0.00 1 g 00op . T§ 0.00 -
LT Lo —010F 7777 LO 1 —o.02] \ g i
—001F ___NLO 7 [ ——NLO * . ] [ e j
Fommmme LO (Gauge) = 95% C.L. 020 I LO (Gauge) 95% C.L. | oo - 95% C.L.
L NLO (Gauge) 5k? 6gL ) Profiled | Tt —— NLO (Gauge) N 5gL ) Profiled | ! 597, 0K7, 5gL ,5gRu(d) Profiled |
—0.02 L = R - I B . L1
—0.050 —0.025 0 000 0.025 0 050 —0.050 —0.025 0 000 0 020 0 000 —0.050 —0.025 0-000 U 020 0.050
sg7 sg7 agr"

= Correlation between 6g#¥ and 5g7? removed at NLO
s Limits much weaker when fermion operators taken into

acCoOUNt! [secaiso zhang, PRL 118 (2017) 011803, arXiv:1610.01618: J.B.. Dawson, Lewis, PRD 99 (2019) 035029,

arXiv:1812.00214 ; Butter et al, JHEP 07 (2016) 152, arXiv:1604.03105]
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E@q Linearized fits vs quadratic fits

EFT Lagrangian: £ = Loy + Z (96 + Z

1 2 * 6 ‘5"4 ‘2 * 8
= o — {\ASM| + 13 (ASMMS_:;T) el F Re (ASMMEE,%T) +..

s Assume dim-8 operators subleading = safely include
0 Ay r[? /A

s What impact of the dim-6 squared terms? Truncation at the
linear term in the EFT expansion

= Cross section not positive definite anymore = throw away
points in the fits where cross section negative
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Linearized fits vs quadratic fits
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= Huge impact of 1/A* terms = not (yet) sensitive to weak
anomalous couplings
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Sensibility of the fit vs last bins

Important point: EFT valid only for E < A

[see e.g. Contino et al, JHEP 07 (2016) 144, arXiv:1604.06444; Farina et al, PLB 772 (2017) 210, arXiv:1609.08157]

What happens when last bin in data removed?
(m¥4 > 600 GeV = all points satisfy m¥4 < A =1 TeV)

020 T T T 050 T T T
i 0.40F E
0.15 R e S LO - 050 N — LO
s o 000000 T —\LO 3 N UE —\LO E
“z : 020k 1 =
= E E o r sy
< M0 2 010F E
= F ‘ = B
5 0.00 N —————— 3 0.00 :
S —0.051- 1 S —0-105 E
o E Vs =13TeV - —0.20F Vs = 13TeV 4
5 —0.10F 1 X B ]
R T fr = pp = Mz/2 R _o3E T pr = pip = Mz/2
r ATLAS Cuts TE ATLAS Cuts
—0.15F - s
E —0.40F 4
_020 E L L L | L L L | L L L | L L L | L L L ] _050 E L L L | L L L | L L L | L L L | L L L .
0 200 400 600 800 1000 0 200 400 600 800 1000

mi¥Z Cut (GeV)

m Fit still the same within ~ 10%
s Would be great to have the overflow bin explicitely singled out
=- max energy in the last bin clearer!

mi¥Z Cut (GeV)
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@ Conclusions

s SMEFT at NLO QCD in WTW~ and W=Z leptonic channels
available, including quarks and gauge operators

= 2 fit clearly impacted by W*Z data = NLO QCD corrections
are significant in the fit!

= Results dominated by 1/A* terms = not yet sensitive to weak
coupling regime

= Not including last bin gives good results = Would be great to
know the max energy in the data

s Code released publically in the POWHEG-BOX

= anyone can use it!
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E@u List of relevant operators in Warsaw basis

O (ZL’y’%L)(ZL%ﬂL) Onwa (q)TJaq)) WiVB“V OHp |¢T(Dﬂ¢)|2

<= - VAR _
Osw | edewawbewern | 0Bl | j(ot'Dae) fiyrioaf, | 0L i (1D ,0) fiy s,
po STy TTp HF 10 HF I

Oy |1 ((I)Jfﬁﬂd)) upytug | Ogg | I (CI)T?MCD) c_jmf‘dg
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@ Warsaw basis < anomalous couplings

With [Falkowski, arXiv:1505.00046; Brivio, Trott, JHEP 07 (2017) 148, arXiv:1701.06424]

(3) 1 V2 2 V2 SWCW 1
(5V — CHI - EC//, 592 /\2 5V + — CHD 5SW — _ﬁ—cﬁv — SZVV QSWCW 5V + ZCHD + CHWB ;
We get 8
) 2
z Vv 1 Sy z_V 1 1
09 = g s (o Omet 4Ot ov). 36 = e T (25waComs + 4Cuo + 0v).
vZ ey, % ;s oV
" e, sy Cre N1 = M o, A7 = 5580y Cow
5gLW - CHq + CW5QZ + 5SW7
2
2 _ VA A 252 2
09" = ~op (CHq - CHq) * E(ng +3 s = swigz).
2
zd v (1) (3) 1 L 2
90" = ~pp2 <CHq T CHq) ~ %9z~ 3 (98w — Siwz)
502 =~ Cuy+ 2 (65 — swogz), 09F = v Cho— (9sw — Swigyz)
A - 2A2 3 ’ - 2A2 3

8[Berthier, Trott, JHEP 05 (2015) 024, arXiv:1502.02570; Zhang, PRL 118 (2017) 011803, arXiv:1610.01618; J.B., Dawson, Lewis,
PRD 96 (2017) 073003, arXiv:1708.03332]

17/17 | J.Baglio QCD Corrections in SMEFT Fits to WZ and WW Production VBSCan WG1 meeting, 02/12/2019


https://arxiv.org/pdf/1505.00046
https://arxiv.org/pdf/1701.06424
https://arxiv.org/pdf/1502.02570
https://arxiv.org/pdf/1610.01618
https://arxiv.org/pdf/1708.03332

!

Fits to W*Z alone
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E@u Amplitudes for W* W~ in the high-energy limit

With q,qs — W,"W,,, 0 between beam axis and gauge boson direction in the
cms system:

2
SA: o0 — % sin ¢ (Mia) {6/4;2 (sﬁvoq - Tf) — §5,Q 0K — 5g{7 + 2T396g[”},

2
Ao —+ Tsing (12 ) { sy o - 067 ) + 52,
w

5A+_:|::|: — —g—2$in9 <i> )\ZTq
2 M2, °
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E@q Amplitudes for W*Z in the high-energy limit

With g, g- — W) Z,, 6 between beam axis and gauge boson direction in the
cms system:

(6977 — 5QLZ“)}

2
0Age — g—Siﬂ@(i) {5Q1Z—|— 5
Cw

21/2 Mz
92

9° { ZU g2 (9) Zd}
oA — — sinf< o tanc | = | +90
+,F \/ECW gL 2 gL
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